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PREFACE 

Budgets c o n s t r a i n  cho i ce s .  They a r e  no t  t h e  on ly  c o n s t r a i n t s ;  l a w ,  

custom, t r a d i t i o n ,  p o l i t i c a l  a l ignments ,  and i n e r t i a  a l l  s e r v e  t o  l i m i t  

f u r t h e r  a decis ion-maker ' s  o p t i o n s .  Neve r the l e s s ,  budgets  remain a  

c e n t r a l  c o n s t r a i n t .  With h i s  budgee a  Min i s t e r  of Educat ion,  s a y ,  can 

buy t e a c h e r s ,  books, schoolhouses ,  r a d i o  s e t s ,  and t h e  o t h e r  i n p u t s  h e  

needs  t o  run h i s  school  system. The amount of each i npu t  t h a t  i t  is 

f e a s i b l e  f o r  him t o  buy depends on t h e  c o s t s  of t h e  i n p u t s  and t h e  

l e v e l  of h i s  budget ;  h i s  f e a s i b l e  ---- a l t e r n a t i v e s  c o n s t i t u t e  t h e  s e t  of  a l l  

p o s s i b l e  combinat ions  o f  i n p u t s  whose t o t a l  c o s t  f a l l s  w i t h i n  t h e  budget.  

I n  o r d e r  t o  know which p o t e n t i a l  a l t e r n a t i v e s  a r e  f e a s i b l e  and which 

a r e  n o t ,  t h e  Min i s t e r  must assemble in format ion  on i npu t  c o s t s .  Our 

purpose i n  t h i s  book is t o  p r e sen t  a  methodology f o r  t h e  c o s t  e v a l u a t i o n  

of ongoing e d u c a t i o n a l  p r o j e c t s  and f o r  t h e  p lann ing  of  f u t u r e  ones .  

P a r t  One of t h e  book deve lops  t h i s  methodology i n  g e n e r a l  terms;  P a r t  Two 

i l l u s t r a t e s  i t s  a p p l i c a t i o n  by examining t h e  c o s t  s t r u c t u r e  of i n s t r u c -  

t i o n a l  r a d i o  and t e l e v i s i o n  p r o j e c t s ,  w i th  p a r t i c u l a r  a t t e n t i o n  t o  t h o s e  

l o c a t e d  i n  developing c o u n t r i e s .  P a r t  Three c o n t a i n s  n i n e  c o s t  c a s e  

s t u d i e s ;  t h e s e  c a s e s  p rov ide  much of t h e  e m p i r i c a l  in format ion  upon 

which P a r t  Two i s  based.  Most of t h e s e  c a s e s  combine e v a l u a t i o n  of a 

p r o j e c t ' s  h e r e t o f o r e  i ncu r r ed  c o s t s  w i th  p r o j e c t i o n  and p lann ing  f o r  

f u t u r e  ones.  

Obtaining cos t s  in order  to determine the s e t  of  economically 

f e a s i b l e  a l t e r n a t i v e s  i s  t h e  f i r s t  s t e p  i n  e d u c a t i o n a l  p lann ing ,  bu t  i t  

i s  on ly  a  f i r s t  s t e p .  The Min i s t e r  of Educat ion must a l s o  o b t a i n  

a v a i l a b l e  in format ion  concerning t h e  l i nkage  between e d u c a t i o n a l  i n p u t s  

and e d u c a t i o n a l  o u t p u t s  and t h e  l i nkage  between e d u c a t i o n a l  o u t p u t s  and 

economic and s o c i a l  outcomes. 

Cos t - e f f ec t i venes s  a n a l y s i s  u s e s  knowledge concerning t h e  f i r s t  

l i n k a g e ,  between e d u c a t i o n a l  i n p u t s  and o u t p u t s ,  t o  h e l p  a s c e r t a i n  which 

of  t h e  f e a s i b l e  a l t e r n a t i v e s  w i l l  r e s u l t  i n  t h e  'maximum' e d u c a t i o n a l  

ou tpu t .  (As educa t i ona l  ou tpu t  i s  mul t id imens iona l ,  f o r  example, number of  

g r adua t e s  of each l e v e l  p e r  y e a r ,  t h e  term 'maximum' ou tpu t  i s  used 



h e r e  t o  mean an o u t p u t  t h a t  can be i n c r e a s e d  on no one dimension wi thou t  

e i t h e r  be ing  decreased  on a n o t h e r  o r  v i o l a t i n g  t i l e  bt~clpet r o n s t r a l ~ ~ t . )  

C o s t - e f f e c t i v e n e s s  a n a l y s i s ,  rhen,  d e a l s  wit11 t h e  p r o b l e m  of  how t o  

g e t  t h e  most i n  ternis of e d u c a t i o n a l  o u t p u t  from t h e  funds  a v a i l a b l e  

t o  t h e  e d u c a t i o n a l  system. '  i t  c o n s t i t u t e s  t h e  second s t e p  i n  educa- 

t i o n a l  p lann ing .  

The t h i r d  s t e p  i n  e d u c a t i o n a l  p lann ing  d e a l s  w i t h  t h e  r e l a t i o n s h i p  

between t h e  o u t p u t s  of t h e  e d u c a t i o n a l  sys tem and v a r i o u s  economic 

and s o c i a l  g o a l s .  Are educa ted  i n d i v i d u a l s  more economical ly  p r o d u c t i v e ,  

l e s s  i n c l i n e d  t o  c r i m e ,  b e t t e r  c i t i z e n s ?  I f  s o ,  which t y p e s  o f  e d u c a t i o n  

c o n t r i b u t e  most t o  t h e s e  g o a l s ?  Ar,swers t o  t h e s e  q u e s t i o n s  would assist 

t h e  M i n i s t e r  o f  Educat ion and t h e  C e n t r a l  P lann ing  Agency i n  a s c e r t a i n i n g  

how much should be s p e n t  on e d u c a t i o n  a l t o g e t h e r  and how t h a t  amount 

should  be d i s t r i b u t e d  a c r o s s  v a r i o u s  t y p e s  of e d u c a t i o n .  I n  t h e  terms 

of t h e  p reced ing  paragraph t h e s e  answers  would h e l p  e n a b l e  t h e  M i n i s t e r  

t o  d e c i d e  which of t h e  maximum levels  of o u t p u t  i s  most d e s i r a b l e  f o r  

any g iven  budget and t o  d e c i d e  on an a p p r o p r i a t e  budget level. Cost- 

b e n e f i t  a n a l y s i s  i s  t h e  term economists  u s e  t o  d e s c r i b e  t h i s  t h i r d  s t e p  

of e d u c a t i o n a l  p lann ing ,  and economic r e s e a r c h  i n  e d u c a t i o n  h a s  focused 

on measurements o f  b e n e f i t s  f o r  improving c o s t - b e n e f i t  a n a l y s e s .  
2 

Our purposes  i n  t h i s  book-4eve lopnen t  of a c o s t  e v a l u a t i o n  methodol- 

ogy and p r o v i s i o n  o f  improved i n f o r m a t i o n  concern ing  t h e  c o s t s  o f  

in am is on (1972) deve lops  one methodology f o r  c o s t - e f f e c t i v e n e s s  
a n a l y s i s  o f  s c h o o l i n g  i n  deve lop ing  c o u n t r i e s  and p r o v i d e s  r e f e r e n c e s  
t o  t h e  l i t e r a t u r e .  Use of t h e  tern1 ' c o s t - e f f e c t i v e n e s s  a n a l y s i s '  t o  
d e s c r i b e  t h e  a c t i v i t i e s  invo lved  i n  modeling inpu t -ou tpu t  r e l a t i o n s  i n  
e d u c a t i o n  is m i s l e a d i n g  t o  t h e  e x t e n t  t h a t  i t  i m p l i e s  t h e  t a s k  t o  b e  
one f o r  economists .  E x p e r t s  i n  e d u c a t i o n a l  psychology,  media r e s e a r c h ,  
s t a t i s t i c s ,  and o r g a n i z a t i o n a l  t h e o r y  p l a y  a more c e n t r a l  r o l e .  

2 
P s a c h a r o p o u l i s  (1972) rev iews  an  e x t e n s i v e  l i t e r a t u r e  t h a t  a s s e e s e a  

t h e  economic b e n e f i t s  o f  v a r i o u s  forms of e d u c a t i o n  (and computes rates- 
o f - r e t u r n )  by a t t e m p t i n g  t o  d i sen tang l -e  t h e  i n f l u e n c e  o f  e d u c a t i o n  from 
o t h e r  d e t e r m i n a n t s  of i n d i v i d u a l s '  incomes. G r i l i c h e s  (1970) s u r v e y s  
and s y n t h e s i z e s  a much s m a l l e r  l i t e r a t u r e  t h a t  examines t h e  e f f e c t  of 
e d u c a t i o n  on worker p r o d u c t i v i t y  and n a t i o n a l  economic growth. 



i n s t r u c t i o n a l  t e l e v i s i o n  and radZo--can be viewed a s  an a t t empt  t o  improve 

c o s t - e f f e c t i v e n z s s  and c o s t - b e n e f i t  a n a l y s e s  i n  educa t ion .  T h i s  is t h e  

r o l e  of c o s t  a n a l y s i s .  We wish t o  make e x p l i c i t ,  however, t h a t  o u r  

p r e sen t  e f f o r t  i n  no way a t t e m p t s  t o  p rov ide  a  c o s t - e f f e c t i v e n e s s  o r  

c o s t - b e n e f i t  a n a l y s i s  of rhe  e x t e n t  t o  which t h e s e  new media should  be  

used. Such a n a l y s e s  need be done i n  t h e  con t ex t  of a  p a r t i c u l a r  

c o u n t r y ' s  p r i c e  system, nonbudgetary c o n s t r a i n t s ,  o v e r a l l  economic 

s i t u a t i o n ,  and developmerlt ob j  ec t i v e s  . 
J u s t  a s  c o s t  a n a l y s t s  begin i n c r e a s i n g l y  t o  s c r u t i n i z e  e d u c a t i o n a l  

p r o j e c t s ,  so  too is  i t  worthwhile t o  examine t h e  c o s t s  (and b e n e f i t s )  

of under tak ing  e v a l u a t i o n s ,  and ,  i n  p a r t i c u l a r  c o s t  e v a l u a t i o n s .  Th i s  

book f a i l s  t o  add re s s  t h i s  i s s u e  i n  any s u b s t a n t i v e  way, bu t  i t  may be 

worthwhile f o r  u s  t o  record  ou r  obsez-vations on t h e  m a t t e r  he r e .  The 

t o t a l  c o s t  of t h e  r e s ea r ch  afid b r i t i n g  o f  t h i s  book w a s ,  w e  would e s t i m a t e ,  

on t h e  o r d e r  of $125,000, p l ~ s  o r  u inus  302. A comprehensive c o s t  

a n a l y s i s  of  a complete range of  t e chno log i ca l  op t i ons  f o r  e d u c a t i o n a l  

reform i n  a  count ry  o r  reg ion  could c o s t  $50,000 t o  $150,000, though 

much va luab l e  i n ronna t i on  could be produced by a  $5,000 t o  $10,000 

c o n s u l t i n g  e f f o r t  p rope r ly  done. For p lann ing  purposes  a  s m a l l  e f f o r t  

should a lmost  always precede a l a r g e  one i n  o r d e r  t o  l a y  o u t  o p t i o n s  i n  

broad terms f o r  t h e  a p p r o p r i a t e  decis ion-makers ;  t h i s  might be fol lowed 

by a  more compreherlsive and focused c o s t  p lann ing  s tudy .  

The ~ o t e n ~ i a l  ---- b e n e f i t s  of c o s t  a n a l y s i s  a r e  s e v e r a l .  F i r s t ,  a  

properly done cost analysis will c o s t  a range of o p t i o n s  h e l p i n g  t o  

f o r c e  gene ra t i on  of o p t i o n s  and  comparisons among them. Second, c o s t  

e v a l u a t i o n s  he lp  p inpo in t  t h e  sou rce s  of major c o s t  i t ems  and can h e l p  

thereby t o  provide in format ion  u s e f u l  i n  reduc ing  c o s t s .  Th i rd ,  a  good 

c o s t  a n a l y s i s  w i l l  f o r c e  a  decision-maker t o  recognize  t h a t  c o s t s  w i l l  

almost inev i tab ' ly  be h i g t ~ e r  than  he and h i s  a d v i s o r s  may be  tempted t o  

t h i n k  ( s e e  Chapter 111 ) ;  t h i s  may h e i p  l e a d  t o  t h e  abandonment of  

unduly c o s t l y  p r o j e c t s .  

The p o t e n t i a l  b e n e f i t s  can on ly  be r e a l i z e d  i f  t h e  r e l e v a n t  dec i s i on -  

maker(s)  use and i n t e r a c t  w i th  t he  c o s t  a n a l y s t s .  We hope i n  t h i s  book 



to  provide a methodological and empirical b a s i s  that w i l l  help f a c i l i t a t e  

that interact ion .  Whether the ensuing bene f i t s  are worth the c o s t s  we 

leave to  others t o  judge. 



PART ONE 

COST ANALYSIS FOR EDUCATIONAL PLANNING AND EVALUATION 



CHAPTER I 

COST ANALYSIS: METHODOLOGY 

Our aim i n  t h i s  chap t e r  is  t o  s e t  f o r t h  t h e  methodologies 

a p p r o p r i a t e  t o  t h e  c o s t  a n a l y s i s  of educa t i ona l  eystems f o r  plan- 

ning and e v a l u a t i o n  purposes ,  paying s p e c i f i c  a t t e n t i o n  t o  a p p l i c a t i o n  

t o  i n s t r u c t i o n a l  technology systems.  There is  by now a reasonably  

e x t e n s i v e  l i t e r a t u r e  concerning educa t i ona l  c o s t s , '  but  t h e  mth0d01- 

o g i e s  of t h a t  l i t e r a t u r e  a r e  g e n e r a l l y  inadequa te  f o r  d e a l i n g  w i th  

c a p i t a l  inves tments  i n  educa t ion .  The reason  appea r s  t o  be t h a t  w i t h  

t h e  excep t i on  of b u i l d i n g  c o s t s ,  concerning which a decie ion-makar  

u s u a l l y  ha s  l i t t l e  cho i ce ,  most e d u c a t i o n a l  c o s t s  are r e c u r r e n t .  

Dec i s ions  t o  u t i l i z e  a technology,  on t h e  o t h e r  hand, e n t a i l  accep tance  

of a commitment t o  pay now and r eap  t he  b e n e f i t s  l a t e r :  f o r  t h i s  reason 

an adequate  a n a l y s i s  o f  t h e  c o s t  o f  i n s t r u c t i o n a l  r a d i o  and t e l e v i s i o n  

(and indeed f o r  any system r e q u i r i n g  s u b s t a n t i a l  c a p i t a l  investment)  

must g r app l e  d i r e c t l y  wi th  t h e  problem of t h e  temporal  s t r u c t u r e  o f  

c o s t  and u t i l i z a t i o n .  

'perhaps t h e  most v a l u a b l e  d i s c u s s i o n  of e d u c a t i o n a l  c o s t s  is  s 
r e c e n t  book of Coombs and Hal lak (1972);  t h i s  is one i n  a series of  
s t u d i e s ,  sponsored by UNESCO's I n t e r n a t i o n a l  I n s t i t u t e  f o r  Educa- 
t i o n a l  P lann ing ,  t h a t  a l s o  i n c l u d e s  Vaizey and Chesswas (1967) and 
Hallak (1969)- Other gene ra l  d i s c u s s i o n s  of e d u c a t i o n a l  c o s t s  i n -  
c lude  Bowman (1966),  Edding (1966) ,  Thomas (1971, Chapter 3 ) ,  Ealler 
(19741, and Levin (1974).  Vaizey e t  a l .  (1972, P a r t  Six) treat 
t e ache r  c o s t s  i n  some d e t a i l ,  and Schu l t z  (1971, Chapte rs  6 and 7)  dis- 
cus se s  t h e  impor tan t  and o c c a s i o n a l l y  over looked c o s t  o f  s t u d e n t s '  
t ime.  Prev ious  d i s c u s s i o n s  o f  e d u c a t i o n a l  technology c o s t s  appear  
i n  Schramm et a l .  (1967b, Chapter 4 and t h e  accompanying volumes of 
case  s t u d i e s ) ,  General  Learning Corpora t ion  (1968) ,  and Hayman and 
Levin (1973) ,  Carnoy (1975) ,  and Carnoy and Levin (1975).  F i s h e r  
(1971) p rov ide s  an e x c e l l e n t  d i s c u s s i o n  of c o s t  a n a l y s i s  w i th  
s p e c i f i c  r e f e r e n c e  t o  n a t i o n a l  de fense  systems.  



I n  t h i s  chapter  we d e s c r i b e  t he  methodology we use  t o  handle  

t h i s  problem of c o s t  and u t i l i z a t i o n  occu r r ing  at d i f f e r e n t  p o i n t s  

i n  t i m e .  Costs a r e  considered as a  func t ion  of t h e  i npu t s2  t o  t h e  

educa t iona l  p rocess .  Our methods draw on t h e  s t anda rd  economic 

theory  of i n t e r t empora l  choice ,  b u t ,  a s  o f t e n  occurs  when apply ing  

economic theory ,  minor mod i f i ca t i ons  a r e  requi red  t o  d e a l  wi th  t h e  

problem at hand. I n  what fo l lows ,  Sec t ion  1 w i l l  b r i e f l y  d i s c u s s  

some of t h e  more important  a s p e c t s  of t h e  c o l l e c t i o n  and organiza-  

t i o n  o f  c o s t  data--although t h i s  i s  no t  t r u l y  a  p a r t  of t h e  

methodology of  cos t  a n a l y s i s  per se, i t  i s  important  t o  e s t a b l i s h  

t h e  con tex t  i n  which t h e  a n a l y s i s  is embedded and t o  stress t h a t  

t h e  a n a l y s i s  can be no b e t t e r  than  t h e  d a t a  t h a t  a r e  put  i n t o  i t ;  

Sec t ion  2 d e s c r i b e s  cos t  f u n c t i o n s  and t h e i r  p r o p e r t i e s ;  Sec t ion  3 

then d e s c r i b e s  methods of  annual iz ing  c a p i t a l  c o s t s ;  Sec t ion  4 

p o i n t s  ou t  t h a t  us ing  annual ized  c a p i t a l  c o s t s  can misstate t h e  

t r u e  c o s t s  of a  p r o j e c t ,  and in t roduces  a  method f o r  i nco rpo ra t i ng  

t h e  time s t r u c t u r e  of  u t i l i z a t i o n  i n t o  the  a n a l y s i s ;  Sec t ion  5 

examines a  s l i g h t l y  d i f f e r e n t  no t ion  of c o s t ,  oppor tun i ty  c o s t ,  

and d i s c u s s e s  how, given a  l i m i t e d  s e t  of a l t e r n a t i v e s ,  t h e  c o s t s  of 

a  d e c i s i o n  may f r u i t f u l l y  be  thought of i n  terms of t h e  r e a l  t r ade -  

o f f s  t h a t  can occur ;  and f i n a l l y ,  Sec t ion  6 sums up and concludes.  

'Most d i s cus s ion  of c o s t  i n  economics c e n t e r s  around how t h e  
c o s t  of ou tpu t  v a r i e s  wi th  i t s  q u a n t i t y  under t he  assumption t h a t  
t he  producer of t h e  ou tpu t  is economically e f f i c i e n t ;  see, f o r  
example, Henderson and Quandt (1958, pp. 55, 62) .  The concepts  o f  
t o t a l ,  average ,  and marginal  c o s t  t h a t  a r e  u sua l ly  used t o  de- 
s c r i b e  ou tput  c o s t  can a l s o  be used t o  d e s c r i b e  i npu t  c o s t s :  
u s u a l l y ,  however, t he  c o s t  of an i npu t  i s  simply assumed t o  equa l  
the q u a n t i t y  u t i l i z e d ,  m u l t i p l i e d  by i t s  u n i t  p r i c e .  Th i s  s imple 
model of i npu t  c o s t s  i s  inadequate  f o r  our  purposes.  Walsh (1970, 
Chapter 22) engagingly synops izes  t h e  h i s t o r y  of economists '  usage o f  
t h e  term ' c o s t ' ,  and provides  a  c l e a r  s ta tement  of modem views. 



1. COLLECTION AND ORGANIZATION OF COST DATA 

The pr imary emphasis of t h i s  r e p o r t  is t h e  development o f  t h e  

a p p r o p r i a t e  methodological  approaches  t o  t h e  a n a l y s i s  of  sys tem c o s t  

in fo rmat ion .  However, t h e  c o s t  a n a l y s i s  depends g r e a t l y  upon t h e  

i n i t i a l  c o l l e c t i o n  and o r g a n i z a t i o n  of  t h e  r e l e v a n t  c o s t  d a t a  and 

i n  t h i s  s e c t i o n  we w i l l  b r i e f l y  comment on some of t h e  more impor- 

t a n t  a s p e c t s  of t h i s  p rocedure .  For more d e t a i l e d  d i s c u s s i o n s  of 

t h i s  t o p i c  t h e  i n t e r e s t e d  r e a d e r  i s  r e f e r r e d  t o  Coombs and H a l l a k  

(1972) ,  Dav is  (1966), Levin (1970) ,  and UNESCO (1975).  

In  o r d e r  t o  unders tand  t h e  s a l i e n t  f e a t u r e s  o f  t h e  i n i t i a l  

c o s t  c o l l e c t i o n  procedure  i t  is h e l p f u l  t o  have an overview o f  t h e  

c o s t  a n a l y s i s  p r o c e s s .  The a n a l y s i s  may be thought  of  as pro- 

ceed ing  i n  t h r e e  s t a g e s ,  a l though  o f t e n  work on t h e  d i f f e r e n t  s t a g e s  

p roceeds  s imul taneous ly :  f i r s t ,  h i s t o r i c a l  c o s t  i n f o r m a t i o n  on 

t h e  sys tem i s  c o l l e c t e d ;  second,  t h e  h i s t o r i c a l  r e l a t i o n s h i p  between 

t h e s e  c o s t s  and t h e  sys tem v a r i a b l e s  t h a t  i n f l u e n c e  them is  

s p e c i f i e d ;  and t h i r d ,  f u t u r e  sys tem c o s t s  a r e  p r o j e c t e d  based on 

hypotheses  concern ing  t h e  f u t u r e  c o n f i g u r a t i o n  of c o s t - i n f l u e n c i n g  

system v a r i a b l e s .  Although i t  is t h e  f i r s t  s t a g e  t h a t  is  concerned 

d i r e c t l y  w i t h  t h e  c o l l e c t i o n  of h i s t o r i c a l  c o s t  d a t a ,  i t  is n e c e s s a r y  

t o  remember t h a t  t h e  h i s t o r i c a l  d a t a  a r e  r e q u i r e d  t o  f e e d  i n t o  t h e  second 

and t h i r d  s t a g e s  of  t h e  a n a l y s i s ;  i n  p a r t i c u l a r ,  t h e  c o s t  a n a l y s t  n e e d s  

t o  g a t h e r  n o t  o n l y  h i s t o r i c a l  system c o s t  i n f o r m a t i o n ,  b u t  a l s o  

in format ion  on t h e  amount o f  p h y s i c a l  r e s o u r c e s  purchased i n  each  

c a t e g o r y  and t h e  p e r i o d  a s s o c i a t e d  w i t h  t h e  e x p e n d i t u r e ,  a s  w e l l  

a s  t h e  l e v e l  of  t h e  key s t r u c t u r a l  v a r i a b l e s  o f  t h e  sys tem t h a t  

i n f l u e n c e  t h e s e  r e s o u r c e  needs .  For example, i n  t h e  c a s e  of  an  

i n s t r u c t i o n a l  t e l e v i s i o n  system,  n o t  o n l y  does  t h e  a n a l y s t  need t o  

know how much was s p e n t  on t e l e v i s i o n  r e c e i v e r s  i n  a g iven  y e a r ,  

b u t  a l s o  r e q u i r e s  such in format ion  a s  t h e  number o f  r e c e i v e r s  pur-  

chased and t h e  number of s t u d e n t s  t h e  sys tem s e r v e s .  



I n  o rde r  t o  begin d a t a  c o l l e c t i o n  a c t i v i t i e s ,  t h e  a n a l y s t  

should previous ly  have enumerated a  r a t h e r  exhaus t ive  and d e t a i l e d  

l ist of  t h e  resource c a t e g o r i e s  r e l evan t  t o  t h e  p a r t i c u l a r  system 

under s tudy.  This  i n i t i a l  s t e p  is  q u i t e  important as components 

t h a t  a r e  excluded from t h i s  conceptual  phase of t he  ana lye i e  may 

never  be cos ted .  The a n a l y s t  can usua l ly  draw on h i s  o r  h e r  expe- 

r i ence  wi th  s i m i l a r  p r o j e c t s  i n  making such a  l i s t ,  but  it is much 

b e t t e r  t o  have a  c l o s e  f a m i l i a r i t y  wi th  t h e  p a r t i c u l a r  p r o j e c t  

under s tudy ,  e i t h e r  through f i r s t h a n d  experience o r  secondary 

sources ,  s i n c e  each system usua l ly  has  i ts  own p e c u l i a r i t i e s  t h a t  

can too  e a s i l y  be missed. 
3  

Once t h e  l is t  of resource  ca t egor i e s  i s  drawn up, c o s t  co l -  

l e c t i o n  a c t i v i t i e s  may proceed i n  two gene ra l  ways. F i r s t ,  coe t  

information for each resource category may be found from the. 

a n a l y s i s  of  budget and expense documents. Unfortunately,  budgetary 

and expense information i s  o f t e n  c o l l e c t e d  f o r  purposes q u i t e  

s e p a r a t e  from economic eva lua t ion  and i t  is usua l ly  a  d i f f i c u l t  

t a sk  t o  t r a n s l a t e  such d a t a  i n t o  a  form useable  f o r  t h e  cos t  

a n a l y s i s .  Fu r the r ,  many system resources  may not  be r e f l e c t e d  in 

p r o j e c t  budget o r  expense documents, bu t  may be con t r ibu ted  through 

f o r e i g n  donors,  o t h e r  government agencies ,  o r  t he  p r i v a t e  e e c t o r .  

Such coet  d a t a  need t o  be  sought from the  appropr i a t e  sources .  

One of t h e  most d i f f i c u l t  c a t e g o r i e s  t o  cos t  a r e  those  phys i ca l  

o r  human resources  t h a t  a r e  donated t o  t h e  p r o j e c t ,  wi thout  an 

e x p l i c i t  monetary charge; nonethe less ,  i f  such resources  have a 

va lue  t o  t h e  economy i n  a l t e r n a t i v e  uses  they r ep resen t  a r e a l  

s o c i e t a l  cos t  t h a t  must be  est imated ( see  Sec t ion  1 of Chapter I1 

f o r  a  f u r t h e r  d i s c u s s i o n ,  e s p e c i a l l y  no te  footnote  1 of t h a t  chapter )  

3 ~ ~ r  example, i n  t h e  Ivory Coast t h e  t h e f t  of t e l e v i s i o n  re- 
c e i v e r s  is  sometimes a  problem and may r ep resen t  a  s i g n i f i c a n t  
c o s t  i t e m  t h a t  could e a s i l y  be overlooked. 



Sometimes budgetary and expense in format ion  is s o  poor f o r  

cos t  e v a l u a t i o n  purposes  ( o r ,  f o r  some p r o j e c t s ,  may n o t  even 

e x i s t ) ,  t h a t  i t  i s  necessa ry  t o  e s t i m a t e  c o s t s  by ca t a logu ing  t h e  

r e sou rce s  needed o r  used i n  each r e sou rce  ca tegory  and then f i nd -  

ing  t he  a p p r o p r i a t e  p r i c e s  f o r  t h e s e  r e sou rce s .  For example, i n  

Mexico, no c o s t  in format ion  was a v a i l a b l e  f o r  t h e  p roduc t i on  equip- 

ment used i n  t h e  p roduc t ion  of ITV programs. One of t h e  a u t h o r s  had 

t o  go through t h e  p roduc t ion  f a c i l i t i e s ,  n o t e  a l l  t h e  equipment 

used ,  and go t o  manufac ture rs  f o r  e s t i m a t e s  of t h e  p r i c e s  o f  such 

equipment. More commonly t h i s  procedure  may be followed t o  e s t i m a t e  

system expend i t u r e s  f o r  i t ems  such a s  t e l e v i s i o n  r e c e i v e r s ,  where 

in format ion  could be ga thered  on s t u d e n t  en ro l lmen t ,  on t h e  average  

r a t i o  of s t u d e n t s  t o  r e c e i v e r s ,  and on t h e  p r i c e  of a r e c e i v e r .  

Care must,  then ,  be  taken i n  t h e  o r g a n i z a t i o n  and c o l l e c t i o n  of 

c o s t  d a t a  (some of t h e  p o t e n t i a l  problems and causes  of c o s t i n g  

e r r o r s  a r e  d i s cus sed  i n  Chapter  II, Sec t i on  3 ) .  The c o l l e c t i o n  o f  

t he se  d a t a  w i l l  g ene ra t e  an h i s t o r i c a l  c o s t  t a b l e ,  which lists 

t h e  c o s t s  i n c u r r e d  under each  r e sou rce  ca t ego ry  f o r  each y e a r  o f  

t h e  p r o j e c t ' s  ope r a t i on .  The d a t a  i n  t h i s  c o s t  t a b l e ,  a l ong  w i t h  

t h e  h i s t o r i c a l  in format ion  on p h y s i c a l  r e sou rce s  used and t h e  

h i s t o r i c a l  l e v e l  of t h e  r e l e v a n t  system v a r i a b l e s ,  w i l l  form t h e  

b a s i s  f o r  t h e  p r o j e c t i o n  of t h e  yea r  by y e a r  c o s t  t a b l e  i n t o  t h e  

f u t u r e  as w e l l  as f o r  t h e  e s t i m a t i o n  of t he  r e l e v a n t  c o s t  f u n c t i o n s  

( s e e  t h e  nex t  s e c t i o n  and Chapter IV). Although i n  what follows 

we emphasize t h e  methodology nece s sa ry  t o  p roper  c o s t  a n a l y s i s ,  i t  

should be remembered t h a t  t h e  a n a l y s i s  can be no b e t t e r  t han  d a t a  

t h a t  a r e  put  i n t o  i t ,  and expe r i ence  a d  c a r e f u l  judgment i n  t h e  

c o l l e c t i o n  of c o s t  d a t a  a r e  v i t a l  t o  a meaningful  e v a l u a t i o n .  

2 .  COST FUNCTIONS AND THEIR PROPERTIES 

We begin t h i s  s e c t i o n  by d e f i n i n g  t h e  concep ts  of t o t a l  c o s t ,  

average ( o r  u n i t )  c o s t ,  and marg ina l  c o s t ;  w e  then  examine t h e  



s p e c i a l  c a s e  i n  which i t  i s  a p p r o p r i a t e  t o  s e p a r a t e  c o s t s  i n t o  

f i xed  c o s t s  and v a r i a b l e  c o s t s .  We conclude by d i s c u s s i n g  t h e  s i t u a -  

t i o n  i n  which t h e r e  a r e  mu l t ip l e  i n p u t s  t o  t h e  c o s t  func t ion .  

Tota l ,  Average and Marginal Coat 

It is  u s e f u l  t o  t h i n k  of c o s t s  a s  func t ions  r a t h e r  t han  a e  

numbers: a t o t a l  c o s t  func t ion  f o r  an  inpu t  g i v e s  t h e  to ta l  c o a t  

r equ i r ed  t o  f i n a n c e  a n  inpu t  as a  func t ion  of t h e  amount of t h e  

input  requi red .  To t ake  an example, l e t  

T o t a l  Cost = TC = TC(N) , 
where TC(N) is the  t o t a l  c o s t  r equ i r ed  t o  provide an i n p u t  of 

i n s t r u c t i o n a l  t e l e v i s i o n  t o  N s tuden t s .  

The average c o s t  func t ion  (or ,  equ iva l en t ly ,  u n i t  c o e t  func t ion)  

is de f ined  t o  equa l  t he  t o t a l  c o s t  d iv ided  by t h e  number of u n i t e  

of t h e  inpu t  provided: 

Average Cost = AC(N) = TC(N)/N . 
J u s t  a s  t h e  t o t a l  c o s t  depends on N , s o  may t h e  average c o s t .  

The marginal  c o s t  func t ion  g i v e s  t h e  a d d i t i o n a l  c o s t  of pro- 

v id ing  one more u n i t  of input  ( i . e . ,  i n  t h i s  example, of providing 

i n s t r u c t i o n a l  t e l e v i s i o n  t o  one more s tuden t )  a s  a f u n c t i o n  of 

t h e  number of u n i t s  a l r e a d y  provided. S t a t ed  s l i g h t l y  more pre- 

c i s e l y ,  t h e  marginal c o s t  f u n c t i o n  is  t h e  d e r i v a t i v e  of t h e  t o t a l  

c o s t  func t ion:  4  

4 ~ o r  those  r e a d e r s  unfami l ia r  wi th  the  concept  o f  d e r i v a t i v e ,  
perhaps a  more u s e f u l  formula f o r  i l l u s t r a t i n g  t h e  marginal  c o e t  
concept would be: 

Marginal Cost = MC (N) = TC (N+1) - TC (N) . 
That is, t h e  marginal  c o s t  a t  any given l e v e l  of s tuden t  u t i l i z a -  
t i on ,  N , i s  equal  t o  t h e  t o t a l  c o s t  f o r  N+1 s t u d e n t s  minus t h e  
t o t a l  c o s t  f o r  N s tuden t s .  This  is an  a c c u r a t e  r e p r e s e n t a t i o n  of 
marginal c o s t  and is u t i l i z e d  i n  t h e  t e x t u a l  example t h a t  fol lows;  
however, t h i e  formula t ion  has t h e  d isadvantage  t h a t  i t  must be re- 
coniputed f o r  each l e v e l  of N , while  t h e  d e r i v a t i v e  f o r n u l a t i o n  
y i e l d s  a func t ion  t h a t  a l lows  the  c a l c u l a t i o n  of  marginal  c o s t  f o r  
any l e v e l  of N . 



Marginal Cost = MC(N) = ~ T C ( N ) / ~ N  . 

Again, it i s  important t o  keep i n  mind t h a t  t h e  marginal cos t  w i l l  

i n  gene ra l  be a  func t i on  of N . 
To i l l u s t r a t e  the  concepts  above l e t  us  cons t ruc t  a s imple  

a r i t h m e t i c  example. I n  Table I .  I., t h e  f i r s t  column i n d i c a t e s  t h e  

number of s t u d e n t s  se rved  by a  p a r t i c u l a r  educa t i ona l  program, whi le  

t he  second column i n d i c a t e s  t h e  t o t a l  c o s t s  of s e r v i n g  t h a t  number 

of s t u d e n t s .  We s e e  t h a t  t h e  example has been cons t ruc t ed  t o  in-  

d i c a t e  t h a t  t o t a l  c o s t s  a re  some func t i on  of t h e  number of s t u d e n t s ;  

t h a t  i s ,  t o t a l  c o s t s  i n c r e a s e  a s  t he  number of  s t u d e n t s  i n c r e a s e s  

(a l though t h e  f u n c t i o n a l  r e p r e s e n t a t i o n  of t h e  r e l a t i o n s h i p  between 

TC and N i s  no t  g iven ,  and would no t  be a s  s imple  as t h a t  examined 

below i n  f i x e d  and v a r i a b l e  c o s t  s u b s e c t i o n ) .  From t h e  in format ion  

p re sen t ed  i n  t h e  f i r s t  and second col-umns w e  can d e r i v e  t he  average 

and marginal  cos t  in format ion  presen ted  i n  t h e  t h i r d  and f o u r t h  

columns. The average c o s t  i s  simply t h e  t o t a l  c o s t  d iv ided  by t h e  

number of s t u d e n t s  whi le  t h e  marginal  c o s t  i s  t h e  a d d i t i o n  t o  t o t a l  

c o s t s  caused by t h e  a d d i t i o n  of one more s t u d e n t  t o  t h e  system. The 

average c o s t  measure i s  most u s e f u l  a s  an h i s t o r i c a l  summary of  t h e  

sys tem's  e f f i c i e n c y  i n  doing i t s  t a s k ,  whi le  t h e  marginal  c o s t  

neasure  i s  more u s e f u l  f o r  examining t h e  c o s t  consequences of ex- 

panding o r  contracting the  system,  i n  terms of t h e  number of s t u d e n t s  

served.  
5 

5 ~ h e  example above a l s o  i l l u s t r a t e s  t he  r e l a t i o n s h i p  between 
average c o s t s  and marginal  c o s t s .  For t he  average c o s t  t o  rise a s  
t he  system expands t he  marginal cos t  o f  adding ano the r  s t u d e n t  must 
be g r e a t e r  than  t h e  average c o s t ;  f o r  example, i n  expanding from 
se rv ing  one s t u d e n t  t o  s e w i n g  two s t u d e n t s  t h e  marginal  c o s t  i s  
$40,  which i s  g r e a t e r  than t h e  $30 average c o s t  of s e rv ing  one 
s tudent - - there fore ,  when t h e  system expands t o  two s t u d e n t s  the  
average c o s t  r i s e s  (from $30 t o  $35 i n  t h i s  c a se ) .  S i m i l a r l y ,  i f  
t he  marginal c o s t  is below t h e  average c o s t ,  t h e  average c o s t  w i l l  
f a l l  a s  t h e  system expands; t h i s  i s  i l l u s t r a t e d  i n  ou r  example as 
t h e  system expands t o  s e rve  more than t h r e e  s t u d e n t s .  When average 



TABLE I. 1 

TOTAL, AVERAGE, AND MARGINAL COST EXAMPLE 

U n i t  ( s t u d e n t s )  T o t a l  C o s  t A v e r a g e  C o s t  Marginal C o s t  



Fixed and Va r i ab l e  Costs  

When t h e  t o t a l  c o s t  f u n c t i o n  can be  approximated by t h e  s imp le  

and convenient  l i n e a r  form, 

i t  becomes p o s s i b l e  t o  s e p a r a t e  c o s t s  i n t o  f i x e d  c o s t s  and v a r i -  

a b l e  c o s t s .  I n  t h i s  example, F would be t h e  f i xed  c o s t  because -- 
t h e  va lue  of c o s t  c o n t r i b u t e d  by t h e  f i r s t  term on t h e  r i g h t  hand 

s i d e  i s  independent of N ; V i s  t h e  v a r i a b l e  c o s t  pe r  u n i t  of in -  

put because t h e  va lue  of t o t a l  c o s t  c o n t r i b u t e d  by t h e  second term 

on t h e  r i g h t  hand s i d e  v a r i e s  d i r e c t l y  w i th  & . When t h e  t o t a l  

c o s t  f u n c t i o n  is  l i n e a r ,  as i n  equa t i on  1.1, t h e  average  c o s t  is  

simply equa l  t o  t h e  f i x e d  c o s t  d iv ided  by N p l u s  t h e  v a r i a b l e  c o s t  

(AC (N) = FIN + V) ; t h e  marg ina l  c o s t  is  equa l  t o  V . Thus t h e  

average c o s t  d e c l i n e s  a s  N i n c r e a s e s  (by sp r ead ing  t h e  f i x e d  c o s t  

over  more u n i t s )  u n t i l ,  when N i s  very  l a r g e ,  t h e  average  c o s t  i s  

c l o s e  t o  t h e  marginal  c o s t .  

Equat ion 1.1 i s  a  reasonably  good rough approximat ion t o  t h e  
6 

cos t  behav ior  of i n s t r u c t i o n a l  technology systems.  Program prepara-  

t i o n  and t r an smi s s ion  tend t o  be f i x e d  independent ly  o f  t h e  number 

o f  s t u d e n t s  us ing  t h e  system. Recept ion c o s t s ,  on t h e  o t h e r  hand, 

tend t o  vary  d i r e c t l y  w i th  t h e  number o f  s t u d e n t s .  

and marg ina l  c o s t s  are e q u a l ,  expansion w i l l  y i e l d  t h e  same average  
c o s t ;  t h i s  i s  i l l u s t r a t e d  above i n  t h e  i n c r e a s e  from two s t u d e n t s  t o  
t h r e e  s t u d e n t s  where t h e  marg ina l  c o s t  o f  t h e  i n c r e a s e  is  $35, which 
i s  t h e  same as t h e  average c o s t  f o r  two s t u d e n t s ,  y i e l d i n g  a similar 
$35 average c o s t  f o r  t h r e e  s t u d e n t s .  

6 ~ t  should be emphasized t h a t  t h i s  l i n e a r  f o rmu la t i on  o f  t h e  
t o t a l  c o s t  f u n c t i o n  i s  i n  many c a s e s  o n l y  a  rough approximat ion.  
For example, as t h e  system expands t o  cover  s t u d e n t s  from more 
heterogeneous c u l t u r e s ,  more geog raph i ca l l y  d i s t a n t  l o c a t i o n s ,  o r  
l e s s  dense ly  popula ted  a r e a s  both t h e  v a r i a b l e  c o s t  p e r  s t uden t  and 
t h e  marg ina l  cost  pe r  s t uden t  may not remain c o n s t a n t  (and w i l l  n o t  
n e c e s s a r i l y  be equa l  e i t h e r ) ,  bu t  may i n c r e a s e .  See Chapter I V  
f o r  a  more e x t e n s i v e  d i s c u s s i o n  of t h i s  p o i n t .  



Multiple Inputs  t o  the  Cost Function 

In the  preceding subsect ions we have assumed t h a t  the  t o t a l  

cos t  of providing i n s t r u c t i o n a l  radio  o r  t e l e v i s i o n  depended on only 

a s i n g l e  va r i ab le ,  the  number of s tuden t s  reached. This is a reason- 

able  approach i n  circumstances where one can assume o the r  poten- 

t i a l l y  re levant  v a r i a b l e s  t o  be f ixed.  Often, however, p a r t i c u l a r l y  

i n  planning s i t u a t i o n s ,  i t  i s  important t o  consider  e x p l i c i t l y  the  

o the r  va r i ab les .  The input  one wishes t o  cost  is not  jua t  ins t ruc-  

t i o n a l  t e l e v i s i o n  f o r  N s tudents ;  i t  is ins tead  i n s t r u c t i o n a l  

t e l e v i s i o n  f o r  h hours per  year  f o r  N s tudents  spread over a 

geographical region of x square miles.  More va r i ab les  could be added. 

While treatment of mul t ip le  inputs  involves some add i t iona l  

complication, the  bas ic  concepts introduced so f a r  change but  l i t t l e .  

Tota l  cos t  i s  now a function of seve ra l  va r i ab les ;  i n  our new example, 

the  marginal c o s t s  become the  amount t o t a l  cost  changes f o r  a u n i t  

change i n  each of the  determining v a r i a b l e s :  i n  t h i s  3-variable 

example, we  have 3 marginal cos t s  defined mathematically by p a r t i a l  

de r iva t ives  a s  follows: 
7 

'similar t o  the  discussion i n  footnote 4 f o r  any given value of 
N , h , o r  x , the  marginal cost  with respect  t o  N , h , o r  x , 
can a l s o  be represented by the  increase  i n  t o t a l  cost  caused by adding 
one s tudent ,  one hour of programming, o r  one square mile of coverage, 
respect ive ly .  This formulation would y i e l d  an accura te  est imation of 
marginal coat  only f o r  a spec i f i ed  l e v e l  of N , h , and x , from which 
w e  want t o  examine an incremental expansion of one of the  v a r i a b l e s ,  
holding t h e  o the r  two constant .  The de r iva t ive  formulation again has 
the  advantage t h a t  it y i e l d s  a funct ional  representa t ion  of t h e  
marginal cos t  with respect  t o  N , h , o r  x t h a t  al lows one t o  cal- 
c u l a t e  t h e  marginal c o s t s  of expansion of N , h , o r  x , a t  any 
l e v e l  of the  t h r e e  va r i ab les  without having t o  c a l u c l a t e  the  t o t a l  
c o s t s  i n  each ins tance .  



Each of t he se  p a r t i a l  d e r i v a t i v e s  can be a f u n c t i o n  of N , h , and 

x . Likewise t h e r e  is a  number o f  average  costs-- the c o s t  p e r  

s t u d e n t ,  TC/N , t h e  c o s t  p e r  hour of p r e s e n t a t i o n ,  T C / ~  , e t c .  

I n  a d d i t i o n ,  however, one m y  wish t o  cons ider  composite averages ;  

f o r  example, t h e  c o s t  p e r  s t u d e n t  p e r  hour. That c o s t  would b e  

T C / N ~  . 
Aside from p o t e n t i a l  p r a c t i c a l  compl ica t ions ,  then ,  t h e r e  i s  

small conceptua l  d i f f i c u l t y  i n  going from c o n s i d e r a t i o n  of a e i n g l e  

determinant  t o  m u l t i p l e  deterlali lants of c o s t .  I n  t h e  a n a l y s i s  of t h e  

c o s t  of ongoing p r o j e c c s  p resen ted  i n  Chapter I11 and i n  t h e  c a s e  

s t u d i e s  p resen ted  i n  P a r t  t h roe ,  we w i l l  r e l y  heav i ly  on a c o s t  

f unc t i on  model t h a t  assumes t o t a l  c o s t s  t o  be a l i n e a r  func t i on  o f  

t he  annual number of  s tudencs  i n  t he  system, N , and t h e  annual  

number o f  programming h o u r s  b roadcas t ,  h  , a s  fo l lows:  
8 

where F = t h e  f i xed  c o s t s  of t he  ystem i n  t h e  s ense  t h a t  they  are 

independent of N and h , 
VN - t h e  v a r i a b l e  c o s t  pe r  s t u d e n t ,  

and V h  - t h e  v a r i a b l e  c o s t  p e r  hour of p r o g r a m i n g  broadcas t .  

I n  o r d e r  t o  l e t  t h e  number of s t uden to  and p r o g r a m i n g  hours  i n  

t h e  system be t h e  s o l e  determining c o s t  v a r i a b l e s ,  as i n  equa t i on  1.2, 

81t should be noted t h a t  a more d e t a i l e d  formula t ion  of t h e  
t o t a l  c o s t  f unc t i on  would have s e v e r a l  d i f f e r e n t  t ypes  o f  ' h '  v a r i -  
ab l e s :  product ion c o s t s  depend most c l o s e l y  on t h e  number of  pro- 
gramming hours  ~ r o d u c e d  each yea r ;  t r ansmis s ion  c o s t s  depend on t h e  
number of programming houre broadcas t  annua l ly ;  and r e c e p t i o n  c o s t s  
w i l l  va ry  somewhat (due t o  t h e  c o s t s  o f  supply ing  power t o  t h e  
t e l e v i s i o n  o r  r a d i o  r e c e i v e r s )  w i t h  t h e  number of  p r o g r a m i n g  hours  
t he  average t e l e v i s i o n  o r  r a d i o  s e t  r e c e i v e s  annua l ly .  The second 
d e f i n i t i o n  i s  t h e  one used i n  t h e  c a s e  s t u d i e s  and i n  Chapter  I11 
( u n l e s s  s p e c i f i e d  d i f f e r e n t l y  f o r  a p a r t i c u l a r  p r o j e c t ) ;  g iven  cer- 
t a i n  assumptions a s  t o  program l i f e t i m e  and r e c e i v e r  u t i l i z a t i o n ,  
t h e  t h r e e  d e f i n i t i o n s  may be l i n e a r l y  r e l a t e d .  See Chapter I V  f o r  
a more ex t ens ive  d i s cus s ion .  



i t  is necessary  t o  l e t  the  va lues  of F , VN and Vh depend on 

a s p e c t s  of t he  system t h a t  a r e  assumed t o  remain unchanged. F 

w i l l  depend, among o t h e r  th ings ,  on t h e  number of grade l e v e l s  t h e  

s tuden t s  t o  be reached a r e  in ,  as wel l  a s  t he  geographical  area over  

which they a r e  spread.  
Vh 

w i l l  depend on the  q u a l i t y  of programming, 

while  VN w i l l  depend on c l a s s  s i z e .  To the  ex ten t  t h a t  t he  s i t u a -  

t i o n  warrants  assuming these  o t h e r  v a r i a b l e s  w i l l  change l i t t l e ,  

t he  uae of  a s impl i f i ed  cos t  funct ion  such a s  t h a t  presented above 

i n  equat ion 1.2 i s  warranted. In  Chapter I V ,  more d e t a i l e d  c o s t  

funct ions  w i l l  be u t i l i z e d ,  r e f l e c t i n g  t h e  u t i l i t y  of cons ider ing  

mul t ip l e  determinants  of c o s t s  i n  the  planning procese. 

3. TREAlMENT OF TIME: ANNUALIZATION OF CAPITAL COSTS 

A c a p i t a l  - cos t  i s  one t h a t  is incurred  t o  acqu i re  goods o r  

s e r v i c e  t h a t  w i l l  have a use fu l  l i f e t i m e  t h a t  extends beyond t h e  

t i m e  of purchase. Recurrent c o s t s ,  on the  o t h e r  hand, a r e  incurred  

f o r  goods o r  s e r v i c e s  t h a t  a r e  used up a s  they a r e  bought. The 

p r i n c i p a l  cos t  of schools  is t h e  r ecu r ren t  cos t  of t eache r s '  t ime; 

s i n c e  t eache r s  are paid while  they provide t h e i r  s e r v i c e ,  t he  u s e f u l  

l i f e t i m e  of what is a c t u a l l y  purchased simply coinc ides  v i t h  the  pay 

period.  ( In  t h i s  example we neg lec t  the  human c a p i t a l  forming aspec t  

of teacher  t r a i n i n g  co l l eges . )  The cos t  of a penc i l  would seem t o  

be a c a p i t a l  cos t  s ince ,  depending on one 's  penchant f o r  w r i t i n g ,  it 

could l a s t  f o r  s e v e r a l  months. In  f a c t ,  p e n c i l s  a r e  t r e a t e d  a s  

r ecu r ren t  c o s t s  f o r  t h e  reason t h a t  t h e i r  expected l i f e t i m e  is less 

than t h e  accounting period (usua l ly  one year )  of school  systems. 

The l i n e  between c a p i t a l  and r e c u r r e n t  c o s t s  is ,  then,  u s u a l l y  drawn 

a t  one year;  i f  t h e  l i f e t i m e  of a p i ece  of equipment is  g r e a t e r  than 

t h a t ,  i ts cos t  i s  usua l ly  t r e a t e d  a s  a c a p i t a l  cos t .  Coombs and 

Hallak (1972, Chapter 9) po in t  out  t h a t  school  systems o f t e n  adhere 

only loose ly  t o  t h i s  one year  convention and they provide a va luab le  

p r a c t i c a l  d i scuss ion  of how t o  examine school  bu i ld ing  and f a c i l i -  

t i e s  coa ts .  



An occasional  source of confusion, even among economists, i s  

between f ixed c o s t s  and c a p i t a l  coa ts .  There can be f ixed c o s t s  

t h a t  a r e  r ecu r ren t ;  an example is  the  e l e c t r i c  power required t o  

opera te  a  t e l e v i s i o n  t r ansmi t t e r .  Likewise the re  can be c a p i t a l  

c o s t s  t h a t  a r e  v a r i a b l e ;  an example i s  the  r ece ive r  component of 

recept ion  c o s t s .  Thus the concepts of f ixed  c o s t s  and c a p i t a l  c o s t s  

a r e  d i s t i n c t  though i t  i s  o f t en  t r u e  t h a t  major c a p i t a l  expenditures  

a r e  assoc ia ted  wi th  s u b s t a n t i a l  f ixed c o s t s .  

How does one cons t ruc t  the  cos t  funct ions  discussed i n  the  

preceding subsect ion i f  c a p i t a l  cos t s  a r e  p re sen t?  Let us say t h a t  

a  school system buys a  r ad io  t r a n s m i t t e r  and 6000 r ece ive r s  i n  

year  1 f o r  a  t o t a l  cos t  of $220,000. I t  would c l e a r l y  be inappro- 

p r i a t e  t o  inc lude  t h e  e n t i r e  $220,000 a s  a  year  1 cos t  i n  at tempting 

t o  determine the  u n i t  cost  of t h e  u s e  of r ad io  i n  year  1 ;  l i kewise  

i t  would be inappropr i a t e ,  i n  computing year 3 c o s t s ,  t o  consider  

the use of t r a n s m i t t e r  and r ece ive r s  a s  f r e e .  In order  t o  cons t ruc t  

a use fu l  cos t  funct ion  it i s  necessary t o  annual ize (unfor tunate  

verb) t h e  expenditure on c a p i t a l  equipment. 

Two v a r i a b l e s  a r e  important i n  annual iz ing  expenditures  on 

c a p i t a l  equipment. The f i r s t  of these  is  the  -- l i f e t i m e  of the  equip- 

ment; i f  t h e  equipment l a s t s  n  years ,  a  f r a c t i o n ,  on the  average 

equal  t o  l / n  , of i t s  cos t  should be charged t o  each year .  This  

is  a  depreciation cost .  

The second v a r i a b l e  t h a t  i s  important i n  annual izing c a p i t a l  

expenditures  i s  the  s o c i a l  discount  r a t e .  The s o c i a l  discount  r a t e  

r e f l e c t s  a  va lue  judgment concerning t h e  cos t  t o  s o c i e t y  of with- 

drawing resources from consumption now i n  o rde r  t o  have more con- 

sumption l a t e r .  I t  i s  represented a s  an i n t e r e s t  r a t e  because i n  

an important s ense  t h e  ' c o s t '  of c a p i t a l  is the  i n t e r e s t  charge t h a t  

must be paid f o r  i t s  use.  One way of obta in ing  an approximation f o r  

an appropr i a t e  value f o r  t h e  s o c i a l  discount  r a t e  i s  t o  examine 

the p r i v a t e  cos t  of c a p i t a l .  I f  a  country has inves ted  $220,000 i n  

r ad io  f a c i l i t i e s ,  t he  c a p i t a l  thereby committed cannot be used 



elsewhere, f o r  example, i t  cannot be used t o  cons t ruc t  a  b i c y c l e  f a c t o r y  

o r  f e r t i l i z e r  p l a n t .  To see t h e  importance of t h i s  le t  us assume t h a t  

t he  l i f e t i m e ,  n  , of t he  $220,000 worth of r ad io  equipment is  10 

yea r s  and t h a t  t h e  country could,  i f  i t  chose, r en t  the  equipment 

f o r  $22,000 per  year  i n s t e a d  o f  buying i t .  Whether t h e  country 

r e n t s  o r  buys then ,  over  the  10-year per iod  i t  w i l l  spend $220,000 
- 

on equipment. But i t  is obvious t h a t  t h e  country would be f o o l i s h  

t o  buy under t hese  circumstances f o r  t h e  s imple reason t h a t  i f  i t  - 
ren ted  t h e  r a d i o  equipment it could pu t  t h e  $220,000 i n  a  sav ings  

bank i n  Switzer land (or  i n  a  f e r t i l i z e r  p l a n t )  and c o l l e c t  i n t e r e s t  

(o r  p r o f i t s  from t h e  s a l e  of f e r t i l i z e r ) .  O f  course,  f o r  most of 

t he  t i m e  t h e  country would c o l l e c t  i n t e r e s t  on only a p a r t  o f  t h e  

$220,000 i f  i t  were paying the  r e n t  out  of t h i s  account:  neverthe-  

less, i f  i t  were r ece iv ing  7.5% i n t e r e s t ,  t h e r e  would be $132,560 i n  

t h e  bank a t  t h e  end of t h e  10 yea r s .  

A s  t h i s  example has  i nd ica t ed ,  t h e r e  is a cos t  ( i n t e r e s t  charge)  

involved i n  having c a p i t a l  t i e d  up i n  a  p r o j e c t ,  and t h i s  c o s t  is  

measured, t o  some e x t e n t ,  by the  p o t e n t i a l  r a t e  of r e t u r n  t o  c a p i t a l  

elsewhere i n  t h e  economy.9 The t o t a l  amount of  t h i s  coa t  depends, 

of  course,  on t h e  amount of c a p i t a l  t h a t  is t i e d  up; i f  t h e  va lue  

of the  c a p i t a l  i n  a  p r o j e c t  i s  dep rec i a t ing ,  a s  i t  must be  as i ts 

l i f e t i m e  draws t o  a  c l o s e ,  then  the  amount of c a p i t a l  t i e d  up 

decreases  from year  t o  year .  I t  i s  thus inappropr i a t e  i n  annual iz ing  

 he i s s u e s  involved i n  determining a  va lue  f o r  t h e  s o c i a l  r a t e  
of d i scount  a r e  a c t u a l l y  r a t h e r  complex and involve  cons ide ra t ion  of 
reinvestment of  r e t u r n s  a s  opposed t o  consumption o f  them. The 
p roduc t iv i ty  o f  c a p i t a l  i n  an economy is a measure of what must be  
given up t o  f inance  a p r o j e c t ;  t h e r e  remains the  problem of  comparing 
n e t  c o s t s  and b e n e f i t s  t h a t  occur at d i f f e r e n t  p o i n t s  in time. 
DasGupta et al. (1972, C h a p t e w l 3  and 14)  review t h e s e  i s s u e s  and 
argue f o r c i b l y  t h a t  a  d i scount  r a t e  t o  make n e t  r e t u r n s  a t  d i f f e r e n t  
p o i n t s  i n  time comparable r e f l e c t s  a  s o c i a l  va lue  judgment. They 
argue,  t he re fo re ,  t h a t  t h e  pol icy  ana lys t  should use  a number of  
s o c i a l  d i scount  r a t e s  i n  order  t o  e x h i b i t  c l e a r l y  t he  s e n s i t i v i t y  
of t h e  results t o  t h e  va lues  chosen. This  w e  do, using annual  
d i scount  r a t e s  of O X ,  7.52, and 154. 



c a p i t a l  c o s t s  t o  d e p r e c i a t e  t h e  va lue  of i n i t i a l  c a p i t a l  by l/n 

and add a c a p i t a l  charge equa l  t o  t h e  s o c i a l  r a t e  of d i s coun t  t imes  

t h e  i n i t i a l  va lue  o f  t h e  c a p i t a l .  lo One must t a k e  i n t o  account  t h e  

changing va lue  o f  t h e  c a p i t a l  ove r  t h e  p r o j e c t  l i f e .  

I f  we t a k e  t h i s  changing v a l u e  i n t o  account and a r e  given an 

i n i t i a l  c o s t ,  C , f o r  an i t em of c a p i t a l  equipment,  i t s  l i f e t i m e ,  

n  , and t h e  s o c i a l  r a t e  of d i s c o u n t ,  r , t h e  annua l ized  c o s t  o f  

c a p i t a l  i s  given by a ( r ,  n)C , where t h e  a n n u a l i z a t i o n  f a c t o r ,  

a ( r ,  n ) ,  i s  g iven  by equa t i on  1 .3 :  

Tab l e  1 . 2  shows a ( r ,  n )  f o r  a  number of v a l u e s  of r and n  . 
When r i s  equa l  t o  z e r o ,  equa t i on  1 . 3  is  no t  a p p l i c a b l e  and 

a ( r ,  n )  s imply e q u a l s  l/n . The d e r i v a t i o n  of equa t i on  1 . 3  would 

l e a d  us a s t r a y  from ou r  main purposes ;  we r e f e r  t h e  i n t e r e s t e d  r eade r  

t o  t h e  complete account  i n  Kemeny e t  a l .  (1962, Chapter VI) . In  ou r  

t e l e v i s i o n  example we assumed a  va lue  of C equa l  t o  $220,000 and 

a  l i f e t i m e  of 10  y e a r s ;  i f  w e  assume a  s o c i a l  d i s coun t  rate of 7.52 

we have t h e  fo l lowing:  

1 0  
annua l ized  c o s t  = [0.075(1.075) ] / [ (1 .075)1°  -11 x 220,000 . 

Thi s  is equa l  t o  $32,051 p e r  yea r .  

It is important to realize that the use of an a p p r o p r i a t e  s o c i a l  

r a t e  of d i s c o u n t ,  r , i s  n o t  j u s t  a t h e o r e t i c a l  n i c e t y ,  bu t  makes a  

l o ~ n f o r t u n a t e l y  t h i s  i s  t h e  procedure  used by t h e  economists  
involved i n  t h e  IIEP (1967) c a s e  s t u d i e s  of t h e  New Educa t i ona l  Media 
i n  Act ion  (Schramm, Coombs, Kahner t ,  and Ly l e ,  1967).  T h e i r  approach - 
o v e r s t a t e s  t h e  c o s t  of t h e  media, though m c h  a  low d i s coun t  rate i s  
used (about 3%) t h a t  t h e  mi s t ake  is  p a r t i a l l y  counte rba lanced .  Speagle  
(1972, p. 228) ,  i n  h i s  assessment  o f  t h e  c o s t  o f  i n s t r u c t i o n a l  t e l e v i s i o n  
i n  E l  Sa lvador ,  concluded t h a t  " . . . the  i n c l u s i o n  of i n t e r e s t  cha rge s  
Would n o t  have made much p r a c t i c a l  d i f f e r e n c e  f o r  t h e  u s e f u l n e s s  of t h i s  
s t udy  as  a p o l i c y  ins t rument  wh i l e  opening a Pandora ' s  Box of t h e o r e t i c a l  
arguments,  impu ta t i ons ,  and adjustments ."  We f e e l  t h a t  i n c l u s i o n  of 
i n t e r e s t  cha rge s  does  have p r a c t i c a l  r e l evance  f o r  unders tand ing  t h e  
E l  Salvador  expe r i ence ,  and we i n d i c a t e  i t s  magnitude i n  Chapter  I11 
and Chapter V I I .  



TABLE I . 2  

VALUES OF THE ANNUALIZATION FACTOR a ( r ,  n) 



s i g n i f i c a n t  p r a c t i c a l  d i f f e r e n c e  i n  terms of a s s e s s i n g  t h e  real c o s t s  

of an i n s t r u c t i o n a l  technology p r o j e c t .  Not t o  do s o ,  t h a t  i s ,  t o  

use  a  ze ro  i n t e r e s t  r a t e ,  i m p l i e s  t h a t  t h e  p r o j e c t  p lanner  i s  i n d i f -  

f e r e n t ,  f o r  example, between spending a  m i l l i o n  d o l l a r s  now ve r sus  

doing s o  t e n  y e a r s  from now; such t rea tment  can s e r i o u s l y  u n d e r s t a t e  

t he  c o s t s  of an i n s t r u c t i o n a l  technology p r o j e c t  and thus  make i t  

look more f avo rab l e  i n  a c o s t  comparison w i th  a  t r a d i t i o n a l  system, 

s i n c e  t h e  former u s u a l l y  has  g r e a t e r  c a p i t a l  expend i t u r e s  involved 

than t h e  la t ter  . 
To i l l u s t r a t e  t h e  e x t e n t  t o  which i n c l u s i o n  of  an a p p r o p r i a t e  

i n t e r e s t  r a t e  makes a  p r a c t i c a l  d i f f e r e n c e  i n  c o s t i n g  p r o j e c t s ,  Tab le  

1 . 3  p r e s e n t s  t h e  average c o s t  pe r  s t uden t  f o r  t h e  p r o j e c t s  d i s cus sed  

i n  Chapter 111 (based on t h e  annua l ized  c o s t  f u n c t i o n ,  eva lua t ed  f o r  

t h e  s p e c i f i c  year  s t a t e d  f o r  each c a s e ) ,  and d e p i c t s  t h e  degree  t o  

which such c o s t s  a r e  underest imated i f  no d i s coun t  r a t e  i s  used ( t h a t  

i s ,  r = 0) when t h e  a p p r o p r i a t e  t i m e  p r e f e r ence  f o r  r e sou rce s  should  be  

expressed by an i n t e r e s t  r a t e  of 7.5% o r  15%. We s e e  t h a t  t h e  percen tage  

underes t imat ion  w i l l  va ry  from p r o j e c t  t o  p r o j e c t ;  on t h e  average ,  

i f  no i n t e r e s t  r a t e  is u t i l i z e d  and r should equa l  7.5%, p r o j e c t  c o s t s  

e s t i m a t e s  f o r  t h e s e  c a s e s  a r e  underest imated by 10.3%, whi le  i f  t h e  

t r u e  i n t e r e s t  r a t e  i s  15%,  c o s t s  would be underes t imated  by 19.1%. 

Although t h e  d i f f e r e n c e  i n  d o l l a r  amounts may n o t  appear  t o  be  g r e a t  

a t  f i r s t  g lance ,  i t  should be remembered t h a t  t o t a l  p r o j e c t  c o s t s  w i l l  

be underes t imated  by t h e  same percen tage ,  and t h u s  a small d o l l a r  

d i f f e r e n c e  may r e f l e c t  an unde re s t ima t e  of t r u e  system c o s t s  t h a t  may 

be hundreds o f  thousands o r  even m i l l i o n s  of d o l l a r s ,  depending on 

t h e  e x t e n t  o f  s t uden t  u t i l i z a t i o n .  

I f  a l l  c a p i t a l  c o s t s  are annua l ized  i n  t h e  way suggeeted h e r e  it 

becomes p o s s i b l e  t o  compute t h e  annua l ized  v a l u e s  of F , VN , and 

V h  
f o r  t h e  t o t a l  c o s t  f u n c t i o n  of equa t i on  1 .2  ( o r  t o  compute t h e  

parameters  of a  more complicated c o s t  f u n c t i o n ) .  I f  assessment  of 

t h e  paramete rs  is  a l l  t h a t  i s  desired--and t h a t ,  indeed ,  i s  much of  

what one needs  t o  know--no f u r t h e r  t h e o r e t i c a l  work i s  nece s sa ry .  

But i f  one wishes  t o  compute, s a y ,  an average  c o s t ,  one needs  i n  



TABLE I. 3 

THE EXTENT OF COST UNDERESTINATION DUE TO NOT UTILIZING 

THE APPROPRIATE'INTEREST RATE I N  ANALYZING ONGOING 

INSTRUCTIONAL TECHNOLOGY PROJECTS~ 

Cost Underestimete 
Average Cost pe r  Student (in percent)  

( in  1972 U.S. d o l l a r s )  i f  r - 0 i s  used 
a t  r = and t r u e  r - 

0% 7.5% 15% 7.5% 15% 

INSTRUCTIONAL TECHNOLOGY 
PROJECT 

Radio-baaed 

Nicaragua 

Radioprimaria 

Tarahumara 

Thailand 

Television-based 

E l  Salvador 19.72 24.35 29.37 19.0 32.9 

Stanford ITV 146.60 159.20 175.10 7.9 16.3 

Hagerstown 51.54 54.23 57.78 5.0 10.8 

Korea 2.76 3.22 3.74 14.3 26.2 

Teleeecundaria 23.02 24.27 25.74 5.2 10.6 

a Cost d a t a  are based on t h e  average c o s t  pe r  s tuden t  repor ted  i n  
Chapter 111; t h e  yea r  f o r  which the  d a t a  a r e  r e l evan t  i e  t h a t  given i n  
Chapter 111. The E l  Salvador e s t ima tes  r e f e r  t o  cos t ing  t h e  t o t a l  
p ro jec t .  



a d d i t i o n  a va lue  f o r  N , the number of s t u d e n t s  using t h e  system (and 

of h  , t h e  number of programming hours ) .  Not on ly  does t h e  i nc idence  

of c o s t  vary w i t h  t ime b u t  so  does  N ; more s p e c l f i c a l l y ,  i n  c o n t r a e t  

t o  c o s t ,  N t ends  t o  be low a t  t h e  o u t s e t  and l a r g e  l a t e r .  Our 

purpose i n  t he  n e x t  subsec t i on  is t o  examine t he  e f f e c t s  on u n i t  

c o s t s  of cons ide r i ng  e x p l i c i t l y  the  t ime s t r u c t u r e  of u t i l i z a t i o n .  

4 .  TREATMENT OF TIME:: STUDENT UTILIZATION OVER TIME 

Our purpose i n  t h i s  s e c t i o n  is t o  develop a  method f o r  d i s p l a y i n g  

the  u n i t  c o s t s  of an educa t i ona l  investment t h a t  t a k e s  e x p l i c i t  account 

of t h e  time s t r u c t u r e  of u t i l i z a t i o n  as w e l l  as of c o s t s  and t h a t  a l l ows  

examination of c o s t s  from a number of t ime p e r s p e c t i v e s .  The q u e s t i o n  

of time p e r s p e c t i v e  i s  important .  Before under tak ing  a p r o j e c t ,  a 

Min i s t e r  of Educat ion f a c e s  t h e  s u b s t a n t i a l  investment  costs r equ i r ed  

t o  buy equipment,  develop programs, and s t a r t  up t h e  ope ra t i one ;  t h r e e  

o r  f o u r  yea r s  l a t e r  t he se  c o s t s  w i l l  have been i ncu r r ed  t o  a sub- 

s t a n t i a l  e x t e n t  and t he  cos t  p i c t u r e  f a c i n g  t he  Min i s t e r  is  v e r y  

d i f f e r e n t  indeed.  H i s  i n i t i a l  c a p i t a l  c o s t s  a r e  sunk, and excep t  f o r  

t h e  p o t e n t i a l  ( s l i g h t )  r e s a l e  va lue  of h i s  equipment,  t h e r e  i s  no th ing  

t o  be recovered from abandoning t h e  p r o j e c t .  l1 What is d e s i r a b l e ,  

then ,  i s  a method f o r  d i s p l a y i n g  c o s t s  from the  p e r s p e c t i v e  o f  a 

decision-maker p r l o r  to  commitment t o  a p r o j e c t ,  one y e a r  i n t o  t h e  

p r o j e c t ,  two y e a r s  i n t o  t he  p r o j e c t ,  e t c .  

I t  i s  a l s o  d e s i r a b l e  t o  cons ide r  v a r i o u s  time ho r i zons  f o r  t h e  

decision-maker. What w i l l  t h e  average  c o s t 8  have been i f  t h e  p r o j e c t  

i s  abandoned a f t e r  t h r e e  yea r s ?  Allowed t o  run f o r  15 yea r s ?  Th i s  

l l l t  may none the l e s s  be v i s e  t o  abandon t he  p r o j e c t - - i f ,  t o  be  
s p e c i f i c ,  s t i l l  t o  be i ncu r r ed  c o s t s  exceed t h e  benefits of 
con t i nu ing .  



sugges t s  t h e  va lue  of  looking a t  average costs12 a s  seen from year  i 

of t h e  p r o j e c t  with a  horizon through year  j. We w i l l  denote t h e  

'average cos t  from i t o  j ' by t h e  symbol AC and d e f i n e  i t  t o  
il 

mean t o t a l  expendi tures  on t h e  p r o j e c t  between y e a r s  i and j divided 

by t o t a l  usage of t h e  p r o j e c t  (number of s t u d e n t s ) ,  w i th  both c o s t s  

and usage discounted back t o  yea r  i by t h e  s o c i a l  r a t e  of d i scoun t ,  

r .  l3 Let C, be equal  t o  t h e  t o t a l  amount spent  on t h e  p r o j e c t  i n  
l. 

yea r  i , inc luding  f ixed  and v a r i a b l e  c o s t s ,  and c a p i t a l  and r e c u r r e n t  

cos t s .  Let N, be  t h e  t o t a l  number of s t u d e n t s  served by t h e  p r o j e c t  
A 

in yea r  i . Then AC is given by: 14 
i j  

1 2 m e  could a l s o  look  a t  t o t a l  and marginal  c o s t s ;  i n  our  t r e a t -  
ment here  we focus on average c o s t s  because we f e e l  them t o  be u s e f u l  
i n  a i d i n g  t h e  dec is ion-maker ' s  i n t u i t i o n ,  p r i o r  t o  p r o j e c t  commitment. 
Expansion dec i s ions  should,  of course,  r e l y  on marginal  c o s t s .  The 
concept AC being developed h e r e  is i m p l i c i t l y  based on t h e  concept 

i j  
of a  v e c t o r  valued t o t a l  cos t  func t ion ,  where the  dependent v a r i a b l e  
is a v e c t o r  g iv ing  t o t a l  cos t  i n  each tlme period.  The independent 
v a r i a b l e s ,  too, become vec to r s  p o t e n t i a l l y  assuming d i f f e r e n t  va lues  
a t  d i f f e r e n t  times. 

131t numay a i d  i n  understanding equat ion 1.4 below t o  exp la in  t h e  
concept of t h e  p re sen t  va lue  of a  c o s t .  Assume t h a t  a  cos t  o f  $4,000 
is t o  be incu r red  8 yea r s  from now. The p r e s e n t  va lue  of t h a t  c o s t  
is t h e  amount t h a t  would have t o  be put  a s i d e  now, a t  i n t e r e s t ,  t o  be 
a b l e  t o  pay t h e  $4,000 i n  8 years .  I f  t h e  i n t e r e s t  r a t e  is 6% and we 

put  a s ide  an amount r now, in 8 y e a r s  we w i l l  have z (1.06) - $4,000 , 
8 o r  z  = $4,000/1.06 . z i s  t h e  p re sen t  va lue  of $4,000 8 y e a r s  from 

now when t h e  i n t e r e s t  r a t e  i s  62;  i ts  numerical va lue  is $2,509.65. 
The numerator of  equat ion  1.4 is t h e  p re sen t  va lue  (viewed from t h e  
pe r spec t ive  of yea r  i a s  t h e  ' p r e s e n t ' )  of a l l  c o s t s  i ncu r red  between 
y e a r s  i and j. The denominator i s  t h e  p re sen t  va lue  of s tuden t  u t i l i -  
z a t ion .  

141t should be noted that t h e  p o t e n t i a l  f o r  t h e  use of t h e  AC 
concept is much g r e a t e r  than would be ind ica t ed  by t h e  r e s t r i c t e d  i j  

d e f i n i t i o n  given here ,  focuss ing  on average c o s t  pe r  s t u d e n t .  For 
example, f o r  i n s t r u c t i o n a l  technology p r o j e c t  e v a l u a t i o n  it may be 
as, o r  more, u s e f u l  t o  t h ink  of u t i l i z a t i o n  i n  s tuden t  hour terms and 
t h e  denominator could be redef ined  as suck.. More gene ra l ly ,  t h e  
denominator could be def ined  in terms of any inpu t  o r  ou tput  of any 
product ion process ,  and need not  only be app l i ed  t o  educa t iona l  
eva lua t ion .  



A decision-maker a t  t h e  beginning of  i can i n  no way in f luence  

expendi tures  of s tudent  usage before time i so  t h a t  c o s t s  and b e n e f i t s  

incur red  up t o  t h a t  time a r c  f o r  h i s  dec i s ion  i r r e l e v a n t  and are not  

incorpora ted  i n t o  AC 
i j  " 

What AC t e l l s  him is the cos t  per  s tudent  
I.j 

of cont inuing the  p ro j ec t  through year  j, under t h e  assumption t h a t  

year  j w i l l  be t he  f i n a l  year  of the p ro jec t .  By examining how AC 
i j  

behaves as j v a r i e s  the  decision--maker can ob ta in  a  f e e l  f o r  how long 

t h e  p r o j e c t  must cont inue f o r  u n i t  c o s t s  t o  f a l l  t o  the  po in t  of making 

the  cont inua t ion  worthwhile. When the  decision-maker is  cons ider ing  

whether the  r o j e c t  should be undertaken a t  a l l ,  he should l e t  i = 1 ; P s 
i . e .  , he shduld compute AC f o r  va r ious  va lues  of j . I n  t h e s e  8 

l j  
cons ide ra t ions  i d e a l l y  t h e  decision-maker should base dec i s ions  on 

the  va lue  of AC ca l cu la t ed  f o r  the j corresponding t o  t h e  end of 
i j 

the  p r o j e c t ,  f o r  h i s  d i scount ing  of t he  f u t u r e  is a l r eady  taken i n t o  

account by equat ion  1 .4 .  I n  the  r e a l  world, however, t h e r e  is a  pos- 

s i b i l i t y  t h a t  t he  p ro j ec t  w i l l  be terminated p r i o r  t o  i ts  planned 

end, and i t  i s  thus of va lue  t o  the decision-maker to  see how many 

years  i t  t akes  AC t o  drop tu  a reasorlable value and how many yea r s  
l j  

more before i t  s t a b i l i z e s  t o  an  asymptotic l e v e l .  C lea r ly  p r o j e c t i o n s  

such a s  t h e s e  rest on planned c o s t s  and u t i l i z a t i o n  r a t e s .  

A t  t h i s  po in t  i t  may be of va lue  t o  inc lude  a  b r i e f  example t o  

i l l u s t r a t e  t h e  concepts:  i n  Chapter 111 and i n  t he  case  s t u d i e s  we 

w i l l  apply t h i s  method of a n a l y s i s  t o  c o s t  d a t a  from a  number of 

a c t u a l  i n s t r u c t i o n a l  technology p r o j e c t s .  I n  our example w e  assume 

a  p r o j e c t  l i f e  of 6 years .  In year  1 a  $1,000 investment is made 

and no s t u d e n t s  use  the  system. In yea r s  2 through 6 c o s t s  of $250 

per  year  a r e  incur red  and 50 s t u d e n t s  per  year  use the  system. 



Table 1.4 shows Ci and Ni f o r  each of t h e  6 yea r s  of t h e  p r o j e c t  

and Table 1 .5  shows AC under t h e  assumption t h a t  t h e  s o c i a l  rate 
i j  

of d i scount  is 7.52. 

W e  should make a few comments about t h e  va lues  of AC i n  
i j  

Table 1.5.  F i r s t ,  t h e r e  a r e  no e n t r i e s  i n  t h e  lower l e f t ;  t h i s  i s  

n a t u r a l  because t h e  horizon Cj) must be a t  l e a s t  a s  f a r  i n t o  t h e  

f u t u r e  a s  t h e  time from which i t  i s  viewed ( i ) .  Second, f o r  va lues  

of i g r e a t e r  than o r  equa l  t o  2 ,  AC is uniformly $5.00 (1 $2501 
i j  

50) .  This  i s  because t h e  only c a p i t a l  c o s t  is incu r red  i n  per iod  1 

and from per iod  2 on,. f u t u r e  c o s t s  and u t i l i z a t i o n  a r e  discounted 

t o  t h e  p re sen t  i n  t h e  same propor t ion .  ( I t  i s  n a t u r a l ,  once t h e  

c a p i t a l  c o s t  is incu r red ,  t h a t  t h e  decision-maker view t h e  u n i t  c o s t  

a s  $5.00 from t h a t  time on . )  Third,  ACll is i n f i n i t e  : because 

c o s t s  have been incur red  and no s t u d e n t s  have used t h e  system, t h e  

u n i t  c o s t  becomes i n d e f i n i t e l y  l a r g e .  Fourth,  i n  t h i s  example t h e  

i n t e r e s t i n g  numbers occur  i n  row 1. A s  t h e  time recedes  f u r t h e r  i n t o  

t h e  f u t u r e ,  t h e  u n i t  c o s t s  a r e  spread over  more s t u d e n t s  reducing 
: 

i f  t h e  p r o j e c t  had a long enough l i f e ,  AC would become c l o s e r  and 
1.l 

c l o s e r  t o  $5.00 a s  j got  l a r g e r .  AC shows how t h e  average c o s t  
l j  

behavior  of t h e  p r o j e c t  looks  p r i o r  t o  i t s  i n i t i a t i o n ,  and t h e  va lue  

of  AC ( f o r  j nea r  t h e  p r o j e c t  l i f e t i m e  va lue)  should be important  
l j  

i n  determining whether t o  proceed. 

The AC e s t ima te ,  l i k e  t h a t  of t he  average c o s t  p e r  s tuden t  
i j  

based on an annual ized c o s t  f u n c t i o n ,  i s  a l s o  q u i t e  s e n s i t i v e  t o  t h e  

s o c i a l  r a t e  of discount  chosen. I n  f a c t ,  no t  t ak ing  account of  s o c i a l  

time preference  ( t h a t  i s ,  u t i l i z i n g  a zero d iscount  r a t e )  u s u a l l y  under- 

s t a t e s  t h e  AC measure by an even g r e a t e r  amount than t h a t  i nd ica t ed  
i j  

f o r  t h e  annual ized s p e c i f i c  year ,  average cos t  measure which we 

d iscussed .  

It is t h e  au tho r s '  op in ion  t h a t  t h e  AC cos t  concept is a 
i j  

much more meaningful summary c o s t  measure than t h a t  provided by 

c a l c u l a t i n g  t h e  average c o s t  per  s tuden t  from an annual ized c o s t  

func t ion ,  based on s tuden t  u t i l i z a t i o n  i n  one p a r t i c u l a r  year .  The 

l a t t e r  f i g u r e  merely g ives  a snapshot p i c t u r e  of p r o j e c t  e f f i c i e n c y  



TABLE 1 . 4  

EXAMPLE COST AND STUDENT USAGE 

Year i 



TABLE I.  5 

EXAMPLE VALUES OF AC 
il 

Horizon Year j 

Year i 



( i n  a  c o s t  s e n s e )  a t  one p o i n t  i n  t ime,  wh i l e  t h e  AC meaeure 
i j  

c a p t u r e s  bo th  t h e  h i s t o r y  and p r o j e c t e d  p l a n s  f o r  t h e  p a r t i c u l a r  p r o j e c t  

under c o n s i d e r a t i o n .  I n  e f f e c t ,  an average  c o s t  p e r  s t u d e n t  f i g u r e  

i s  a  very  rough c o s t - e f f e c t i v e n e s s  r a t i o  t h a t  t e l l e  an a n a l y s t  t h e  

r e sou rce  c o s t s  o f  g iv ing  an i n d i v i d u a l  a  y e a r ' s  educa t i on  (of g iven  

q u a l i t y ) ;  it  would seem t o  make good s e n s e  t o  e v a l u a t e  t h i s  p a r t i c u l a r  

a s p e c t  o f  t h e  c o s t - e f f e c t i v e n e s s  s f  a p r o j e c t  over  t h e  p r o j e c t  l i f e -  

t ime, and n o t  f o r  any p a r t i c u l a r  yea r .  Neve r the l e s s ,  s i n c e  most 

p rev ious  ana l ) . s i s  u se s  an average  c o s t  f i g u r e ,  based on an annual-  

i z e d  cos t  f u n c t i o n ,  we w i l l  a l s o  p r e s e n t  such c a l c u l a t i o n s  f o r  

s e l e c t e d  y e a r s  f o r  t h e  ca se  s t u d i e s  p r e sen t ed  i n  Chapter I11 and 

P a r t  Three of t h i s  r e p o r t ;  wherever s u f f i c i e n t  co s t  d a t a  a r e  

a v a i l a b l e ,  we w i l l  a l s o  p r e sen t  estimates of  t h e  AciJts . 
I t  should  be no ted  thal: i n  t h e  absence of p e r f e c t  marke t s  t h e r e  i s  

no nece s sa ry  reason  t o  choose t h e  same i n t e r e s t  r a t e  f o r  d i s coun t i ng  

both c o s t s  and s t u d e n t s ,  as was done i n  equa t i on  1 .4  above. I t  18 

e n t i r e l y  p o s s i o l e  t h a t  t h e  r a t e  of time p re f e r ence  r e l a t i n g  t o  s t u d e n t s  

r e c e i v i n g  an  educa t i on  and t h a t  a s s o c i a t e d  w i th  r e sou rce  inves tments  

may be  d i f f e r e n t ,  a l though  i n  t h e  absence of  a  s p e c i f i c  n o t i o n  o f  what 

t h i s  d i s coun t  r a t e  d i f f e r e n c e  may be ,  t h e  same r a t e  w i l l  be a p p l i e d  t o  

both r e sou rce s  and s t u d e n t s  i n  t h e  a n a l y s i s  of i n s t r u c t i o n  of  technology 

c o s t s  i n  Chapter I11 and t h e  c a s e  s t u d i e s .  I t  i s  i n t e r e s t i n g  t o  observe  

t h a t  i n  an e n t i r e l y  s e p a r a t e  e f f o r t ,  Levin (1974) a l s o  sugges t s  t h e  use  

of a  c o s t  concep t  which t a k e s  i n t o  account  system u t i l i z a t i o n  ove r  time, 

and which a d d i t i o n a l l y  would d i s coun t  t h i s  u t i l i z a t i o n  s t r e am by a n  

a p p r o p r i a t e  d i s coun t  r a t e ;  i n  e s s ence ,  h i s  sugges t i on  amounts t o  a 

gene ra l  d e s c r i p t i o n  of t h e  t y p e  of AC concept we have developed 
i j  

and p r e sen t ed  above. 

5 .  COST TRAD&OFFS 

A s l i g h t l y  d i f f e r e n t ,  but  r e l a t e d ,  n o t i o n  of c o s t  than  t h a t  used 

above i s  t h a t  of oppo r tun i t y  c o s t .  The oppo r tun i t y  c o s t  o f  a  cho i ce  

from among a  l i m i t e d  s e t  of a l t e r n a t i v e s  i s  t h e  va lue  t o  t h e  dec i s i on -  

maker ( o r  t o  t h e  s o c i e t y )  of what he o r  s h e  tu rned  down i n  o r d e r  t o  



be a b l e  t o  choose what he o r  s h e  d id .  In  a  compet i t ive  market 

economy t h e  p r i c e  of goods and s e r v i c e s  i s  one measure of  t h e  

oppor tun i ty  c o s t ,  a s  t h e  p r i c e  of t h a t  i t e m  both r e f l e c t s  what t h e  

u se r  of t h e  i t e m  g ives  up, s i n c e  t h e  money a l l o c a t e d  t o  t h a t  i t e m  

could have been spen t  e lsewhere,  and r e f l e c t s  t h e  c o s t  t o  t h e  

economy of u t i l i z i n g  i t s  r e sou rces  t o  produce t h a t  i t e m ,  r eeou rces  

t h a t  could have been product ive  i n  o t h e r  endeavors ( see  Sec t ion  1 

of t h e  fol lowing chap te r  f o r  a  d i s cus s fon  of  some circumstancee i n  

which t h i s  l a t t e r  connect ion may n o t  ho ld ,  t h a t  i s ,  when t h e  p r i c e  

of a  goods o r  s e r v i c e  may n o t  r e f l e c t  i t s  oppor tun i ty  c o s t  t o  t h e  - 

econooiy). However, i t  i s  o f t e n  u s e f u l ,  w i t h i n  a  cons t r a ined  choice  

s i t u a t i o n ,  t o  examine t h e  oppor tun i ty  cos t  of an a c t i v i t y  i n  non- - 
p r i c e  terms, a s  measured by t h e  a c t i v i t y ,  o r  phys i ca l  r e sou rces ,  t h a t  

a r e  given up through fo l lowing  a p a r t i c u l a r  choice .  I f ,  f o r  example, 
- 

t h e  supe r in t enden t  t e l l s  a  p r i n c i p a l  t h a t  he can have either two 

new t eache r s  o r  a  s c i e n c e  l a b o r a t o r y  and t h e  p r i n c i p a l  chooses t h e  

t eache r s ,  t h e  oppor tun i ty  c o s t  t o  him of t h e  t e a c h e r s  was a s c i e n c e  3 

l abo ra to ry .  This  s e c t i o n  b r i e f l y  d i s c u s s e s  t h e  means f o r  examining 

such r e l a t i o n s h i p s ,  w i t h i n  t h e  contex t  of  i n s t r u c t i o n a l  technology 
I 

L 

system choices .  

I f  a  school  system's  pe r  s tuden t  expendi ture  is cons t r a ined  by - 
a  f i xed  budget ,  then having more of any one th ing  imp l i e s  t h e r e  must 

be less of something else. For t h i s  reason ,  i t  may be  u s e f u l  t o  
- 

a  decision-maker t o  see e x p l i c i t l y  what t he se  oppor tun i ty  c o s t s  are 

f o r  c e r t a i n  important  c a t e g o r i e s  of a l t e r n a t i v e s .  Since t b e  l a r g e s t  

expendi ture  ca tegory  f o r  s choo l s  is  p r e s e n t l y  t eache r  s a l a r i e s ,  w e  - 

w i l l  examine t h e  oppor tun i ty  c o s t  of  i n t roduc ing  something new ( f o r  

example, i n s t r u c t i o n a l  t e l e v i s i o n  o r  r ad io )  under t h e  assumption t h a t  

i ts  oppor tun i ty  cos t  is  less t eache r  i n p u t .  Let S  be  t h e  s t u d e n t  t o  

t eache r  r a t i o  ( t h i s  is n o t  n e c e s s a r i l y  t h e  same a s  class s i z e ;  i t  - 
a l s o  depends on t h e  r e l a t i v e  amount of  time s t u d e n t s  and t eache r s  

spend i n  school )  be fo re  t h e  technology i s  in t roduced ,  and le t  W 

be  t h e  t e a c k e r ' s  annual  wage. Let A equa l  t h e  average  annual  c o s t  

of  t h e  technology and l e t  I be t he  i nc rease  i n  c l a s s  s i z e  r equ i r ed  



t o  make t h e  pos t technology  per  s t u d e n t  i n s t r u c t i o n a l  c o s t  equa l  t o  

R t imes t h e  pretechnology i n s t r u c t i o n a l  c o s t  o f  W / S  . Neglec t ing  

t h e  minor i n f l u e n c e  of changes i n  S on A , t h e  pos t technology  

i n s t r u c t i o n a l  c o s t  equa l s  [W + A (5 + I) ] / ( S  + I )  and t h e  fo l lowing  

must ho ld :  

To f i n d  t he  i n c r e a s e  i n  s t uden t  t o  t e a c h e r  r a t i o  r equ i r ed  t o  pay f o r  

t h e  i n t r o d u c t i o n  of t h e  tectin~!.ogy, t he  abcve equa t i on  i s  so lved  f o r  

I g iv ing :  

(1 .5 )  
2 - 

I = [SW(l-R) + AS K J  / [k! - ASR] . 

I r e p r e s e n t s ,  t hen ,  t h e  opporrcmfty c o s t  o f  i n t roduc ing  a  

technology i n  terms of i nc r ea sed  s t u d e n t  t o  t e ache r  r a t i o .  Under t h e  

assumption t h a t  pe r  s t u d e n t  c o s t s  remain unchanged, i . e . ,  R = 1 , 
Table  1 . 6  shows v a l u e s  of I f o r  s e v e r a l  v a l u e s  of A and W , and 

f o r  v a l u e s  of S equa l  t o  25 and 40.  I f ,  f o r  example, S = 25, W E  

$1,500, A = $9.00, and R = 1 Table  1.6 shows t h a t  I = 4.41;  t h a t  i s ,  t h e  

s t uden t  t o  t e a c h e r  r a t i o  a f t e r  technology is in t roduced  e q u a l s  29.41. 

While t h e  formula o f  equa t i on  1.5 was developed f o r  exp re s s ing  t h e  

oppo r tun i t y  c o s t  o f  i n t roduc ing  a  technology i n  terms of  s t u d e n t  t o  

t e ache r  ratio, similar formulas could be  developed between o t h e r  p a i r s  

of i n p u t s .  A l l  such formulas  would e s s e n t i a l . l y  r e p r e s e n t  ways of 

a n a l y t i c a l l y  e v a l u a t i n g  t h e  t r a d e o f f s  w i t h i n  a  f i x e d  buget  c o n s t r a i n t .  

We began t h i s  chap t e r  by p r e s e n t i n g  a b r i e f  overview of  t h e  c o s t  

a n a l y s i s  p roce s s  and d i s c ~ ~ s s i n g  some of  t h e  more important  a s p e c t s  of 

the  c o l l e c t i o n  and o r g a n i z a t i o n  of c o s t  d a t a .  Again we would l i k e  

t o  s t r e s s  t h e  n e c e s s i t y  f o r  a g r e a t  d e a l  of c a r e  t o  be  e x e r c i s e d  i n  

t h i s  i n i t i a l  s t a g e  of t h e  c o s t  a n a l y s i s  procedure  f o r  wi thout  c a r e f u l l y  

acqu i red  d a t a  even t h e  b e s t  tuethodological  a n a l y s i s  i s  of q u i t e  l i m i t e d  

va lue .  



TABLE 1 .6  

W = Teacher Annual Wage - 
A $750 $1500 $2250 $3000 

a  This t a b l e  shows t h e  inc rease  i n  average s tuden t  t o  teacher  r a t i o  
t h a t  is requi red  i f  per  s tuden t  i n s t r u c t i o n a l  c o s t s  ( t eache r  c o s t  p lus  
technology cos t )  is t o  remain unchanged a f t e r  a  technology cos t ing  A 
d o l l a r s  p e r  s tuden t  pe r  year  is introduced i n t o  t h e  system. The va lues  
of A chosen r e f l e c t  c o s t s  per  s tuden t  per  day of $.01, $.025, $.05, 
and $ . l o  i f  t h e  school  year  i s  180 days. 

b~ is  t h e  va lue  of t h e  s tuden t  t o  teacher  r a t i o  be fo re  t h e  
technology i s  introduced.  



W e  began the  d i scuss ion  of c o s t  a n a l y s i s  methodology i n  Sec t ion  2 

by de f in ing  a  t o t a l  cos t  func t ion  and t he  r e l a t e d  concepts of average 

cos t  func t ion  and marginal r o s t  f imction.  We then examined t h e  

s p e c i a l  ca se  when c o s t s  can be separa ted  i n t o  f ixed  and v a r i a b l e .  

To apply these  concepts t o  r e a i  world data, i t  i s  necessary t o  

annual ize  c a p i t a l  c o s t s  i n  a way that appropr i a t e ly  accounts  f o r  

dep rec i a t ion  and the s o c i a l  r a t e  of d i scount .  Sect ion 3 described 

the  method f o r  doing t h i s  and observed t h a t  most p r i o r  t rea tments  

of educa t iona l  technology c o s t s  f a i l e d  t o  annual ize  c a p i t a l  c o s t s  

proper ly .  The annual ized c a p i t a l  cost: s , pl.us va lues  f o r  r e c u r r e n t  

c o s t s ,  g ive  the  parameters F ( i j x e d ) ,  VN (va r i ab l e  wi th  the  number of 

s t u d e n t s ,  N ) ,  and Vh ( v a r j a b l e  r i c h  the  rlumber of programming hours 

broadcas t ,  h  ) ,  i n  the  s i m p l i f i e d  t a t a l  cos t  func t ion  TC(N,h) F +  

V N + Vhh . To ob ta in  average or u n i t  c o s t s  per s t u d e n t ,  one a l s o  
N 

needs a  va lue  of N (and h ) .  I n  any one year ,  say  year  j, t he  

app ropr i a t e  average cos t  per  s tudent  f o r  t h a t  year  is (F + V h ) /  
h j 

N + VN where N i s  the  number of s tuderl ts  using the  system and 
1 3 

h i s  the  number of programming hours broadcast  i n  year  j. S ince  
j 

N i s  t y p i c a l l y  zero o r  very low f o r  t h e  f i r s t  few yea r s  of  t h e  p r o j e c t ,  

and then r i s e s ,  t h e  use of  a  (high)  va lue  of N from l a t e  in t h e  

p r o j e c t  t o  compute average coscs i s  misleading.  It w i l l  tend t o  

unde r s t a t e  t h e  average c o s t s  that have a c t u a l l y  been incur red  over  

the  life of t h e  p r o j e c t ,  even though the  es t imated  va lues  of F , 
VN and Vh might g ive  an adequate p i c t u r e  of the c o s t  func t ion .  

TO avoid t h i s  d i f f i c u l . t y ,  we suggested a method i n  Sec t ion  4 

f o r  d i sp l ay ing  the 'average cos t  f1-orn 5 t o  j', t h a t  is ,  t h e  t o t a l  

p resent  va lue  of c o s t s  incur red  from time i through time j div ided  

by t o t a l  p resent  value of system usage  i n  t h a t  time i n t e r v a l .  We 

used the  symbol AC t o  denore tile average cos t  from i t o  j when 
i d  

c o s t s  and usage a r e  proper ly  discounted.  Use of AC gives  a more 
i j  

accu ra t e  p i c t u r e  of average costs thau does simply i n s e r t i n g  a va lue  

of N from l a t e  i n  the l i f e  of t h e  p r o j e c t  i n t o  the average cos t  

equat ion .  The AC ' s  a l s o  enable  a decision-maker t o  see c l e a r l y  
i j  



t h e  s t r u c t u r e  of h i s  f u t u r e  u n i t  c o s t s  a f t e r  he has  committed h imse l f  

t o  c a p i t a i  a c q u i s i t i o n s ;  t h i s  annual ized  c o s t s  a r e  unable  t o  do. 

The ~ d d i t i o n a l  u se fu lnes s  of t h e  AC ' s  comes wi th  a p r i c e ,  namely, 
i j  

much more in format ion  is r e q u i r e d  t o  o b t a i n  them. h e  needs a 

d e t a i l e d  time p a t t e r n  of expendi ture  and u t i l i z a t i o n  ( e i t h e r  a c t u a l  

o r  p ro j ec t ed )  t o  compute va lues  of AC . 
i j  

To t h i s  po in t  we considered t h e  c o s t s  o f  r e sou rces  in terms of  

t h e i r  monetary va lue .  I n  Sec t ion  5 w e  in t roduced  t h e  no t ion  of  

oppor tun i ty  c o s t  and presen ted  an example of how t h i s  concept a l l ows  

examination of t h e  i m p l i c a t i o n s  of a d e c i s i o n ,  from among a  set of  

l i m i t e d  a l t e r n a t i v e s ,  i n  terms of t he  very real t r a d e o f f s  t h a t  t h a t  

d e c i s i o n  m y  imply. I n  p a r t i c u l a r ,  w e  looked a t  how the  ' c o s t '  of  

i n t roduc ing  an  educa t iona l  innovat ion  might be cons idered  i n  terms of  

t he  i nc reased  class s i z e  t h a t  would be requi red  t o  main ta in  expendi tures  

a t  t h e  same l e v e l  ( o r  some m u l t i p l e  o r  f r a c t i o n  of t h a t  l e v e l )  a s  

be fo re  t h e  innovat ion.  I n  many i n s t a n c e s  such a n a l y s i s  of  t h e  

conc re t e  t r a d e o f f s  involved i n  a  dec i s ion  may be  more u s e f u l  t o  

some decision-makers than an examination of t h e  monetary c o s t s  of  t h e  

dec i s ion .  The oppor tun i ty  c o s t  a n a l y s i s  could e a s i l y  be extended t o  

inc lude  more than t r a d e o f f s  between c l a s s  s i z e  and technology c o s t s ;  

t r a d e o f f s  among o t h e r  v a r i a b l e s  can a l s o  be examined. 

In  conc lus ion ,  t h i s  chap te r  p r e s e n t s  t h e  e s s e n t i a l  concepts  and 

methods neces sa ry  t o  a  proper  cos t  a n a l y s i s  f o r  educa t iona l  planning 

and eva lua t ion  purposes.  I n  t he  fol lowing chap te r  we  w i l l  t r e a t  some 

s p e c i a l  problems of which t h e  c o s t  a n a l y s t  must be cognizant  when 

undertaking a s tudy  of educa t iona l  c o s t s .  



CHAPTER I1 

COST ANALYSIS: SPECIAL PROBLEMS 

Although t he  b a s i c  methodology f o r  t h e  a n a l y s i s  of e d u c a t i o n a l  

system c o s t s  ha s  been p r e sen t ed  i n  t h e  p r ev ious  c h a p t e r ,  it  is impor tan t  

t o  r e a l i z e  t h a t  a c o s t  a n a l y s i s  i s  n o t  n e c e s s a r i l y  a  s t r a i g h t f o r w a r d  

programmable t a s k .  I n  many ways such an a n a l y s i s  is  an a r t ,  n o t  a 

s c i e n c e ,  t h a t  r e q u i r e s  i n g e n u i t y ,  a s  w e l l  a s  e x p e r t i s e  and c a r e f u l  

thoug\ t .  I n  t h i s  c h a p t e r  we examine some s p e c i a l  problems r e l a t e d  

t o  c o s t  a n a l y s i s  t h a t  should g ive  t h e  r e a d e r  an i d e a  of why t h i s  i s  

s o  and of what some of t h e  more impor tan t  judgmental  a s p e c t s  are. 

Sec t i on  1 l o o k s  a t  t h e  q u e s t i o n  of shadow p r i c e s  f o r  c e r t a i n  i n p u t s ,  

e x p l a i n i n g  why p r i c e s  may be  an inadequa te  e s t i m a t e  of  t r u e  economic 

c o s t s  i n  some i n s t a n c e s ;  Sec t i on  2 b r i e f l y  examines t h e  r e l a t i o n s h i p  

o f  t h e  p r o j e c t  p lanner  and t he  p r o j e c t  manager w i th  r ega rd  t o  c o s t  

a n a l y s i s ;  Sec t i on  3 d i s c u s s e s  some of t h e  more s e r i o u s  problems r e l a t e d  

t o  e r r o r s  i n  c o s t  e s t i m a t i o n ;  Sec t i on  4 r a i s e s  some of  t h e  problems 

of  system f i n a n c e  t h a t  r e l a t e  t o  an a n a l y s i s  of c o s t s ;  and f i n a l l y ,  

Sec t i on  5 summarizes and concludes .  

1. TREATMENT OF SHADOW PRICES 

Wben ana lyz ing  t h e  c o s t s  of p r o j e c t  r e s o u r c e s ,  i t  i s  most common 

t o  u se  t h e  p r i c e s  of t h e s e  va r i ous  r e sou rce s  a s  a  measure of t h e i r  

va lue .  P r i c e s ,  however, do nor always r e f l e c t  t he  t r u e  economic v a l u e  

of a r e sou rce .  I n  a s ense ,  w e  have a l r e a d y  seen t h i s  i n  t h e  case of 

expend i t u r e s  on c a p i t a l  r e sou rce s .  I f  a  p i e c e  of c a p i t a l  equipment 

w i t h  a  l i f e t i m e  of t e n  y e a r s  i s  purchased f o r  a  p r o j e c t  f o r  $1000, 

t h e  r e a l  economic c o s t  i n  annua l  terms is  not $100 a  yea r ,  b u t  is a 

somewhat h ighe r  f i g u r e  t h a t  r e f l e c t s  t h e  o p p o r t u n i t i e s  l o s t  f o r  

u t i l i z i n g  t h a t  i n i t i a l  $1000 over  a  ten-year pe r i od .  I n  economics 

t h e  t r u e  c o s t  of a  r e sou rce  i s  sometilpes termed i t s  shadow price. 

Economists cons ide r  t h e  t r u e  c o s t  of a r e sou rce  t o  s o c i e t y  ( i t s  

shadow p r i c e )  t o  be the  oppo r tun i t y  c o s t  of t h a t  r e sou rce ,  t h a t  is, 

t h e  va lue  t h a t  resource  would have i n  i t s  b e s t  a l t e r n a t i v e  use .  



This  shadov p r i c e  may o r  may not be equal  t o  t h e  market p r i c e  of  t h e  

resource.  ' I n  the  previous chap te r  we have, i n  e f f e c t  , es t imated  t h e  

shadow p r i c e  o f  c a p i t a l  equipment investment through u t i l i z a t i o n  of 

an appropr i a t e  s o c i a l  r a t e  of  d i scoun t .  

In  mst circumstances i t  i s  d i f f i c u l t  t o  determine whether t h e  

market p r i c e  of any given resource r e p r e s e n t s  i t s  t r u e  economic va lue  

t o  t he  s o c i e t y .  One means economists use  t o  o b t a i n  shadow p r i c e  

e s t ima te s  is  t h e  development of op t imiza t ion  models of t he  whole 

economy, o r  c e r t a i n  s e c t o r s  of i t ,  usua l ly  through t h e  use of  l i n e a r  

p r o g r a m i n g  techniques.  Generating s v l u t i o n s  f o r  t hese  o f t t i m e s  

complex models w i l l  y i e l d  shadow p r i c e  e s t ima te s  f o r  t he  resources  

s p e c i f i e d  i n  t h e  model; t h e s e  shadow p r i c e s  can be compared wi th  the  

app ropr i a t e  ua rke t  p r i c e s  t o  see the  ex t en t  t o  which t h e  l a t t e r  r e f l e c t  

1 
The shadow p r i c e  concept i s  c l o s e l y  r e l a t e d  t o  t h e  oppor tuni ty  

cos t  concept developed i n  t h e  previous chap te r ,  cons ider ing  oppor tuni ty  
cos t  i n  t h e  sense  of t he  t r u e  cos t  of a  resource t o  t he  economy a s  a  
whole (not  i n  terms of c o s t s  i n  a  narrower con tex t ,  f o r  example, t h e  
oppor tuni ty  c o s t s  t o  a  p a r t i c u l a r  decision-maker, a s  considered i n  
Chapter I ) .  Although i n  t he  d i scuss ion  above, we a r e  cons ider ing  
oppor tuni ty  c o s t s  t o  t he  economy ( i . e .  , shadow p r i c e s )  f o r  resources  
t h a t  do have a  market p r i c e ,  t h e  concept i s  a l s o  important f o r  resources  
t h a t  do -- no t  have an e x p l i c i t  p r i c e .  For example, a l though t h e  c o s t s  of 
s tuden t  tine i n  an educa t iona l  system are usua l ly  not  p r i c e d ,  they  do 
r ep resen t  an oppor tuni ty  c o s t  both t o  the  ind iv idua l  s tuden t  and t o  t h e  
s o c i e t y  i n  terms of t he  income t h e  s tuden t  foregoes by p a r t i c i p a t i n g  i n  
t he  educa t iona l  program and the  consequent employment p roduc t iv i ty  of 
tha.t s t uden t  t h a t  t h e  s o c i e t y  foregoes.  Likewise, resources  which a r e  
con t r ibu ted  t o  an educa t iona l  program ( f o r  example, f a c i l i t i e s ,  people ' s  
time) r ep re sen t  a  r e a l  cos t  t o  t h e  economy t o  the  ex t en t  t h a t  they  have 
a l t e r n a t i v e  uses  which a r e  valued. I n  any comparison of a l t e r n a t i v e  
cou r ses  of  a c t i o n  these  c o s t s  should be e x p l i c i t l y  es t imated ,  a s  w e l l  
a s  poss ib l e ,  and included i n  t he  examination of  t h e  d i f f e r e n c e s  in c o s t s  
between t h e  op t ions  being considered.  I n  t h e  cos t  a n a l y s i s  presented  
i n  Chapter I 7 1  and t h e  c a s e  s t u d i e s ,  t h i s  dimension of  c o s t s  w i l l  be  
considered only  t o  t he  e x t e n t  t h a t  they c o n t r i b u t e  t o  t he  product ion ,  
d i s t r i b u t i o n ,  and r ecep t ion  c o s t s  of t h e  p a r t i c u l a r  i n s t r u c t i o n a l  r ad io  
o r  television system ( f o r  example, i n  t h e  Mexican Telesecundaria  Case 
Study, donated r ecep t ion  and t ransmiss ion  f a c i l i t i e s  a r e  cos t ed ) .  It 
should be noted t h a t  cons ide ra t ion  of t he  oppor tuni ty  c o s t s  o f  s tuden t  
t i m e  can o f t e n  make an i n s t r u c t i o n a l  technology system more at  t r a c t i v e  
( e s p e c i a l l y  a  d i s t a n c e  l e a r n i n g  system) i f  i t  uses  l e s s  s t u d e n t  time 
than does a  t r a d i t i o n a l  system, and i f  the  s t u d e n t ' s  t i m e  has  a l t e r n a t i v e  
product ive va lue .  



the  t r u e  economic v a l u e  of  any p a r t i c u l a r  r e s o u r c e .  (See Goreux and 

Manne (1973) f o r  a  d i s c u s s i o n  and a p p l i c a t i o n  t o  t h e  Mexican economy, 

and Bowles (1969) f o r  a s p e c i f i c  a p p l i c a t i o n  t o  e d u c a t i o n a l  p l a n n i n g  

i n  N i g e r i a . )  U n f o r t u n a t e l y ,  t h e  e x t e n t  t o  which we can adequa te ly  

model t h e  complex i n t e r a c t i o n s  of a c o u n t r y ' s  economy is  s t i l l  q u i t e  

l i m i t e d .  None the less ,  i t  is  p o s s i b l e  t o  make r a t h e r  s imple  observa-  

t i o n s  t h a t  could  g ive  a p l a n n e r  a  r e a s o n a b l e  i d e a  o f  the r e l a t i o n s h i p  

between a  r e s o u r c e ' s  market p r i c e  and shadow p r i c e ;  t h i s  cou ld  have 

s u b s t a n t i a l  p r a c t i c a l  i m p l i c a t i o n s  f o r  t h e  i n i t i a t i o n  o f  a n  i n s t r u c -  

t i o n a l  technology p r o j e c t .  Below w e  w i l l  examine t h e s e  i m p l i c a t i o n s  

i n  terms of two r e s o u r c e s  t h a t  can s i g n i f i c a n t l y  a f f e c t  t h e  e v a l u a t i o n  

of an  i n s t r u c t i o n a l  technology p r o j e c t :  t e a c h e r s  and f o r e i g n  exchange. 

Teacher P r i c e s  

?n a  market-based economy, the p r i c e  t h e  market sets on a  r e s o u r c e  

w i l l  equa l  t h e  shadow p r i c e  of  t h a t  r e s o u r c e  o n l y  i f  t h e  market is 

i n  e q u i l i b r i u m .  I f  t h e r e  is a  s u r p l u s  of a  p a r t i c u l a r  r e s o u r c e ,  s a y  

t e a c h e r s ,  then t h e  p r i c e  charged i n  t h e  marke t ,  i n  t h i s  c a s e  t h e  t e a c h e r ' s  

s a l a r y ,  i s  an o v e r e s t i m a t e  of t h e  t r u e  c o s t  t o  t h e  economy of  employing 
2 

an i n d i v i d u a l  a s  a  t e a c h e r .  Given t h i s  s i t u a t i o n ,  i f  one used t h e  

'one way of  s e e i n g  why t h i s  i s  s o  i s  t o  r e a l i z e  t h a t  t h e  e x i s t e n c e  
of  a  t e a c h e r  s u r p l u s  g e n e r a l l y  i m p l i e s  t h a t  t h e  a l t e r n a t i v e  employment 
o p p o r t i n i t i e s  f o r  p r o s p e c t i v e  t e a c h e r s  a r e  a t  lower wages than  t h o s e  
o f f e r e d  t o  t e a c h e r s ;  i f  n o t ,  t e a c h e r s  would t a k e  o t h e r  p o s i t i o n s  and a  
s u r p l u s  would no l o n g e r  e x i s t .  Thus,  t h e  o p p o r t u n i t y  c o s t  t o  t h e  economy, 
which is t h e  r e a l  d e f i n i t i o n  of a shadow p r i c e ,  of employing a n  i n d i -  
v i d u a l  a s  a  t e a c h e r  i s  n e c e s s a r i L y  lower than  t h e  t e a c h e r ' s  wage. I t  
should be noted thac  t h e  reason ing  above i m p l i e s  two assumptions:  f i r s t ,  
t h a t  wages r e f l e c t  marg ina l  p r o d u c t i v i t y ,  f o r  i f  such were n o t  t h e  c a s e ,  
it would n o t  make s e n s e  t o  t a l k  of someone's a l t e r n a t i v e  wage a s  t h e  
opportunity c o s t  t o  the  economy; and second ,  t h a t  i n d i v i d u a l s  a r e  by 
and l a r g e  income maximizers ,  f o r  i f  t h i s  were n o t  t h e  c a s e  t h e r e  migh t ,  
f o r  example, be a s u r p l u s  of t e a c h e r s  even i f  t h e i r  a l t e r n a t i v e  wage 
was h i g h e r  rhan t h a t  o f f e r e d  t o  t eachers - - i f  t h e s e  assumptions  do 
n o t  h o l d ,  t h e  e x i s t e n c e  of a  s u r p l u s  ( o r  s h o r t a g e )  does  n o t  g i v e  u s  
any i n f o r m a t i o n  on t h e  r e l a t i o n s h i p  of  market p r i c e  t o  shadow p r i c e  
s i n c e  F t  would be p o s s i b l e  t o  have a  t e a c h e r  s u r p l u s  w i t h  a market 
p r i c e  lower than t h e  shadow p r i c e .  



market p r i c e  of t e a c h e r s  i n  comparing t h e  cos t  of an i n s t r u c t i o n a l  

technology system t o  t h a t  of  a  t r a d i t i o n a l  d i r e c t  t e ach ing  svstem, 

where t h e  l a t t e r  is more l a b o r - i n t e n s i v e  ( t h a t  i s ,  u t i l i z e s  more o r  

b e t t e r  pa id  t e a c h e r s ) ,  one would be showing t h e  i n s t r u c t i o n a l  

technology p r o j e c t  i n  a more f avo rab l e  l i g h t  than is a c t u a l l y  t h e  

c a s e ;  t h a t  is ,  a c t u a l l y ,  t h e  t r u e  economic c o s t  t o  s o c i e t y  of us ing  t h e  

d i r e c t  t e ach ing  system i s  l e s s  than c a l c u l a t e d ,  given a  t e ache r  

s u r p l u s  s i t u a t i o n .  

The r e v e r s e  would be t r u e  i f  t h e r e  were a  t e ache r  s h o r t a g e .  The 

s a l a r i e s  pa id  t o  t e ache r s  would be  an underes t imate  of t h e i r  t r u e  

economic va lue ,  and t h e r e f o r e  t h e  same p r o j e c t  comparison would make 

t h e  i n s t r u c t i o n a l  technology system l e s s  f avo rab l e  than t h e  s i t u a t i o n  

war ran ted .  I n  some r e s p e c t s ,  educa t i ona l  p l anne r s  may t ake  t h i s  i n t o  

account  i n  an i n t u i t i v e  way when, f o r  example, they  reason t h a t  given 

a  t e a c h e r  s u r p l u s ,  they  should make more ex t ens ive  use  of t h e  t r a d i t i o n a l  

system,  a s  opposed t o  i n i t i a t i n g  an  i n s t r u c t i o n a l  technology p r o j e c t ,  

o r  when they  reason converse ly  i n  t h e  c a s e  of a  t e ache r  sho r t age .  I t  

is  i n t e r e s t i n g  t o  n o t e  t h a t  s i n c e  many deve lop ing  c o u n t r i e s  f a c e  t e a c h e r  

s u r p l u s e s  i n  urban a r e a s  and t e a c h e r  s h o r t a g e s  i n  r u r a l  a r e a s ,  i n s t r u c -  

t i o n a l  technology p r o j e c t s  a r e  l e s s  a t t r a c t i v e  i n  t h e  former r e g i o n s  

and even more a t t r a c t i v e  i n  t h e  l a t t e r  than a c o s t  comparison based 

on market p r i c e s  would i n d i c a t e .  

I t  i s  impor tan t  t o  p o i n t  o u t  t h a t  t h e  a n a l y s i s  above ha s  s i g n i f i c a n t  

e q u i t y  i m p l i c a t i o n s .  Desp i te  t h e  f a c t  t h a t  t h e  market p r i c e  may n o t  

r e f l e c t  t r u e  economic c o s t s  t o  t h e  s o c i e t y  of  a p a r t i c u l a r  r e sou rce ,  

t h e  market p r i c e  i s  what is p a i d  f o r  t h e  resource .  Th i s  means t h a t  

i n  t h e  c a s e  of a s u r p l u s ,  t e a c h e r s  a r e  be ing  pa id  more t han  t h e i r  

economic va lue  t o  s o c i e t y ,  and given a f i xed  economic p i e  a t  any g iven  

p o i n t  i n  t ime ,  t h i s  i m p l i e s  t h a t  o t h e r  i n d i v i d u a l s  are r e c e i v i n g  l e s s  

than they  de se rve .  The converse  i s  t r u e  i n  a t e ache r  s h o r t a g e  s i t u a t i o n ;  

i n  t h i s  c a s e  t e a c h e r s  a r e  pa id  l e s s  than  t h e i r  economic va lue  t o  s o c i e t y .  

I n  bo th  i n s t a n c e s  s e r i o u s  q u e s t i o n s  of f a i r n e s s  a r e  r a i s e d .  

The use  o f  shadow p r i c e s  as opposed t o  market p r i c e s  is  n o t  wi thout  

d i s t r i b u t i o n a l  consequences as w e l l ,  d e s p i t e  i t s  be ing  t h e  b e s t  f i g u r e  



f o r  economic e f f i c i e n c y  c o n s i d e r a t i o n s .  For example, g iven  a t e a c h e r  

s u r p l u s  s i t u a t i o n  which would r e f l e c t  an a r t i f i c i a l l y  i n f l a t e d  t e a c h e r  

wage r a t e ,  pe rhaps  due t o  union p r e s s u r e  o r  government f i a t ,  one 

might reasonab ly  d e c i d e  t o  expand t h e  d i r e c t  t each ing  system,  ae 

opposed t o  u t i l i z i n g  an e q u a l l y  e f f e c t i v e ,  e q u a l l y  c o s t l y  ( i n  market 

p r i c e  t e r n s ) ,  i n s t r u c t i o n a l  technology system.  T h i s  would be t h e  

p r o p e r  move i n  terms of  economic e f f i c i e n c y ,  s i n c e  i f  t h e  technology 

system was e q u a l l y ,  o r  even s l i g h t l y  more, c o s t l y  i n  terms of market 

p r i c e  as t h e  d i r e c t  t e a c h i n g  system,  t h e  l a t t e r  would have a lower 

t r u e  economic c o s t  t h a n  t h e  formzr since t h e  t e a c h e r s '  market p r i c e  

i s  g r e a t e r  than  t h e i r  shadow p r i c e  in  a s u r p l u s  s i t u a t i o n .  However, 

t h i s  would mean expanding t h e  nuxiber of t e a c h e r s  h i r e d ,  and t h i s  i n  

t u r n  means paying even more i n d i v i d u a l s  than p r e v i o u s l y  a wage r a t e  

g r e a t e r  t b a n  t h e i r  t r u e  economic v a l u e  t o  s o c i e t y ,  and c o n s e q u e n t l y ,  

g iven a  f i x e d  economic p i e ,  paying ~ t h e r s  i n  t h e  sys tem less t h a n  they 

m e r i t .  

Foreign Currency P r i c e s  

S i m i l a r  problems a r e  e n c o m t e r e d  i n  examining a n o t h e r  ' r e s o u r c e ' ,  

q u i t e  s i g n i f i c a n t  i n  i n s t r u c t i o n a l  technology p r o j e c t s ,  namely, f o r e i g n  

cur rency .  Many such p r o j e c t s  a r e  c a p i t a l  i n t e n s i v e ,  and moreover,  t h e  

c a p i t a l  p r o d u c t s  u t i l i z e d  may n o t  be produced w i t h i n  t h e  n a t i o n  

deve lop ing  t h e  p r o j e c t ,  b u t  must  be purrhas2d on t h e  world  market .  

Thus i n s t r u c t i o n a l  p r o j e c t s  a r e  of t en  more f o r e i g n  exchange i n t e n s i v e  

than  t r a d i t i o n a l  d i r e c t  t e a c h i n g  systems.  The q u e s t i o n  t h e n  arises as 

t o  what is t h e  t r u e  c o s t  t o  t h e  c o u n t r y ' s  economy o f  purchas ing  goode 

on t h e  i n t e r n a t i o n a l  market .  

Again, normal ly  t h e  view taken  i n  c o s t i n g  p r o j e c t s  is t h a t  t h e  

' p r i c e '  of f o r e i g n  c u r r e n c y ,  r e f l e c t e d  i n  t h e  market exchange rate, 

is t h e  a p p r o p r i a t e  means f o r  t r a n s l a t i n g  imported r e s o u r c e s  i n t o  v a l u e  

terms.  However, t h e  market f o r  f o r e i g n  c u r r e n c y ,  l i k e  t h a t  f o r  any 

o t h e r  r e s o u r c e  ( f o r  example, t e a c h e r s ,  as d i s c u s s e d  above) may n o t  b e  

i n  e q u i l i b r i u m ;  i n  such c a s e s  t h e  market p r i c e  o f  f o r e i g n  c u r r e n c y  will 

n o t  be  e q u a l  t o  i t s  shadow p r i c e ,  which i s  i t s  t r u e  c o s t  t o  t h e  economy. 



Suppose a c o u n t r y ' s  currency is overvalued on t h e  world market;  an 

i n d i c a t i o n  t h a t  t h i s  may be s o  is the  e x i s t e n c e  of a 'b lack  market '  f o r  

cur rency ,  as i n  I n d i a ,  where one can o b t a i n  a h ighe r  exchange rate 

than the  o f f i c i a l  rate f o r  fo re ign  currency.  In  such a caee  t h e r e  i s  

a sho r t age  of f o r e i g n  cur rency  i n  t h e  count ry ,  u s u a l l y  accompanied by 

government r a t i o n i n g  of i t .  The o f f i c i a l  exchange r a t e  is t h u s  lower 

than i t  should be t o  r e p r e s e n t  t h e  t r u e  economic va lue  of f o r e i g n  

currency t o  t h e  economy. I n  such a ca se ,  a r e l a t i v e l y  fo re ign  exchange 

i n t e n s i v e  i n s t r u c t i o n a l  technology p r o j e c t  w i l l  appear  less expensive 

than i t  r e a l l y  is t o  t h e  economy, i f  one simply u se s  t h e  o f f i c i a l  

exchange r a t e  t o  c o s t  imported r e sou rces .  The r eve r se  would b e  t r u e  

i f  t h e  o f f i c i a l  exchange r a t e  were pegged too  high.  

Again, i t  must be recognized t h a t  f i x i n g  an exchange r a t e  a t  a 

d i f f e r e n t  l e v e l  than t h e  market would warrant  has  income d i s t r i b u t i o n  

consequences, i n  a d d i t i o n  t o  t h e  economic e f f i c i e n c y  cons ide ra t i ons  

d i scussed  above. When t h e  exchange r a t e  is pegged too  low, t h e  govern- 

ment is, i n  e f f e c t ,  s u b s i d i z i n g  those  impor te rs  t o  whom i t  a l l o c a t e s  

t h e  r i 7 h t  t o  purchase f o r e i g n  exchange. 

Resource Taxes 

Taxes should a l s o  be mentioned i n  t h i s  s e c t i o n  s i n c e  they ,  l i k e  

d e v i a t i o n  of  a c t u a l  from shadow p r i c e s ,  a l s o  cause t h e  apparen t  p r i c e  

of a resource  t o  d i f f e r  from i ts  a c t u a l  p r i c e  t o  t he  economy. Th i s  

occu r s  when t h e  country i n  which a p r o j e c t  i s  based p l a c e s  a tax--be - 
i t  an import t a x ,  a consumption t a x  o r  any o t h e r  type--on t h e  resource  

w e  are concerned wi th .  The t r u e  economic c o s t  of  t h a t  r e sou rce  t o  - 

t he  n a t i o n  i s  t h e  p r i c e  before  t a x e s ,  assuming t h e  market f o r  t h e  

resource  i s  approximately i n  equ i l i b r ium,  and t h e r e f o r e  t h e  shadow -- 
p r i c e  problems d i scus sed  earlier do n o t  apply.  The t a x  amounts t o  a 

r e d i s t r i b u t i o n  of r e sou rces  w i t h i n  t he  count ry ,  from the  person o r  
-- 

agency paying t h e  t a x  t o  t hose  who r e c e i v e  i t .  This  has g r e a t  s i g n i f i c a n c e  

f o r  most i n s t r u c t i o n a l  technology p r o j e c t s ,  which o f t e n  u t i l i z e  h e a v i l y  

taxed c a p i t a l  goods, e s p e c i a l l y  imported ones ,  though a Minis t ry  of - 

Education may w e l l  have t o  pay t h e  t a x  ou t  of i t s  budget t o  u t i l i z e  a 



taxed re5ource. Nonetheless,  the  t r u e  economic c o s t s  t h a t  should be  

used i n  ihe  p ro j ec t  eva lua t ion  are those  based on resource p r i c e s  

before t axes .  

Discussion 

In the a n a l y s i s  of  the  c o s t s  of ongoing technology p r o j e c t s  and 

p ro j ec t  planning t h a t  fo l lows  t h i s  c h a p t e r ,  we un fo r tuna te ly  do no t  

incorpora te  most o f  t h e  p o i n t s  r a i s e d  i n  t h i s  s e c t i o n .  This  should 

not  be construed a s  i n d i c a t i n g  t h a t  t hese  p o i n t s  a r e  merely e s o t e r i c  

cons ide ra t ions  t h a t  hdve no p rac t i ca J  value i n  p r o j e c t  planning.  

Usually information a v a i l a b l e  t o  p r o j e c t  e v a l u a t o r s ,  e s p e c i a l l y  t hose  

f rom another  country,  i s  insuf  i i c i e n t l y  d e t a i l e d  t o  a l low any p r e c i s e  

e s t ima te  of t h e  ex t en t  t o  which  shadow p r i c e s  of resources  may d i f f e r  

from market p r i c e s .  Howevet , t o  The pcojec t  planner  i n  a country,  

such e s t ima te s  are poss ib l e ,  even i f  only on an i n t u i t i v e  l e v e l ,  and 

need t o  be taken i n t o  account i u  a comparative eva lua t ion  o f  a l t e r -  

n a t i v e  i n s t r u c t i o n a l  s t r a t e g i e s .  P C  is  probably beyond the  power of  

most of t hese  i n d i v i d u a l s  t c  a c t  t o  maKe t h e  market p r i c e  more t r u l y  

r e f l e c t  economic va lue  f o r  example, by changing the  wage o f f e r e d  t o  

t eache r s  o r  by in f luenc ing  dec i s ions  on fo re ign  currency exchange 

r a t e s ,  but  they s t i l l  may make r e l a t i v e  p r o j e c t  eva lua t ions  based on 

t r u e  economic c o s t s ,  making judgments a s  t o  the  e x t e n t  of d i sequ i l i b r ium 

i n  t h e  market f o r  any p a r t i c u l a r  resource .  

2. COST ANALYSlS FOR THE FROJECT PLANNER 

VERSUS THE PROJECT W A G E R  

A d i s t i n c t i o n  may be made between a p r o j e c t  p lanner  and a p r o j e c t  

manager. The p r o j e c t  planner  i s  considered t o  be an i n d i v i d u a l  working 

a t  a  s u f f i c i e n t l y  high l e v e l  Lhat he o r  she eva lua t e s  p r o j e c t s  in  t h e i r  

e n t i r e t y ,  based on t h e  t r u e  economic c o s t s  of t h e  p r o j e c t  ( a s  w e l l  a s  

t h e i r  e f f e c t s  and b e n e f i t s ) .  The p r o j e c t  manager is  considered t o  b e  

an individclal who is working i n  an ope ra t iona l  s e t t i n g ,  and who manages 



the  p r o j e c t  i n  terms of  budget,  cash flow, and i n t e r n a l  resource 

a l l o c a t i o n  cons ide ra t  i ons .  

One problem i s  obvious Erom the  d e f i n i t i o n a l  d i s t i n c t i o n  made 

between t i .ese  two types of ind iv idua l - -eva lua t ions  o f  a l t e r n a t i v e  

i n s t r u c t i o n a l  s t r a t e g i e s  made by the  manager w i l l  no t  n e c e s s a r i l y  be 

the  opt imal  ones i n  terms of  the  s o c i e t y  as a whole. Examples of t h i s  

problem are probably f a m i l i a r  t o  most observers  of i n s t r u c t i o n a l  

technology p r o j e c t s  (or  any o t h e r  l a r g e  system, f o r  t h a t  m a t t e r ) .  For 

i n s t a n c e ,  i n  t he  Ivory Coas t ,  which is  i n s t i t u t i n g  an ex tens ive  

i n s t r u c t i o n a l  t e l e v i s i o n  system a t  t h e  primary school  l e v e l  

many areaF a r e  without  e l e c t r i c i t y  and t h u s  r e l y  on a  r a t h e r  

expensive b a t t e r y  system t o  power the  t e l e v i s i o n  r ece ive r s .  There 

has been a  number of r e p o r t s  t h a t  l o c a l i t i e s  with a v a i l a b l e  main l ine  

c u r r e n t  st i l l  u t i l i z e  t h e  much more expensive b a t t e r y  power source ,  

simply because b a t t e r i e s  a r e  suppl ied  a t  no c o s t  t o  t h e  schoo l s  by t h e  

p r o j e c t ' s  c e n t r a l  admin i s t r a t i on ,  while  e l e c t r i c i t y  charges  f o r  t h e  use  

of mainl ine cuxrent  come out  of  t h e  s c h o o l ' s  budget. 

There appear t o  be two primary s t r a t e g i e s  f o r  r e s o l v i n g  t h i s  type  

of d i f f i c u l t y .  The f i r s t  would be t o  take  a l l  such e v a l u a t i o n a l  

dec i s ions  out  o f  t he  hands of t h e  manager, and l eave  them t o  t h e  planner  

and h i s  o r  her  a s s o c i a t e s .  This  approach i s  t o t a l l y  imprac t i ca l  i n  t h a t  

it r e q u i r e s  too  much work f o r  t h e  planning o f f i c e ,  and o f t e n  l e a d s  t o  

f r u s t r a t i o n  on t h e  p a r t  of the  p r o j e c t  manager who wants t o  have a  

respons ib le ,  decision-making p o s i t i o n .  Fu r the r ,  t he  p r o j e c t  manager 

u sua l ly  has a  much g r e a t e r  awareness of t h e  s p e c i f i c s  of any p a r t i c u l a r  

s i t u a t i o n  than does t h e  p l anne r ,  and thus  may have a b e t t e r  knowledge 

base on which t o  make a dec i s ion .  

The second, and probably more s e n s i b l e ,  s t r a t e g y  t o  handle t h i s  

problem i s  f o r  t h e  p lanner  t o  a t tempt  t o  s t r u c t u r e  t h e  budgetary 

i n c e n t i v e s  i n  such a  way t h a t  t he  p r o j e c t  manager i s  induced t o  make 

opt imal  dec i s ions .  This  i s  obviously somewhat complicated t o  do. 

Never the less ,  from t h e  Ivory  Coast example given above we see t h a t  

it is  n o t  simply a two-level dilemma, but  t h a t  t he  p lanner  and 



manager d i s t i n c t i o n  i s  a i - z l o t i v e  one--at each l e v e l  t h e  decision-maker 

must p r o p e r l y  s t r u c t u r e  t h e  i n c e n t i v e s  f o r  those  t o  whom he o r  she  

d e l e g a t e s  decision-rnakir~g power. Th is  t ype  of s o l u t i o n  has  worked 

t o  some e x t e n t  i n  many p r i v a t e  s e c t o r  bus ine s se s ;  i n  f a c t ,  t h e r e  is some 

l i t e r a t u r e  i n  t h e  operat - ions  r e s e a r c h ,  systems a n a l y s i s ,  and b u s i n e s s  

management a r e a s  d e a l i n g  w i t i i  how t o  s t r u c t u r e  such i n c e n t i v e s  i n  a 

v a r i e t y  o f  s i t u a t i o n s .  

I t  silould be  s t r e s s e d  t h a t  a l though  i t  may be q u i t e  d i f f i c u l t  

t o  s t r u c t u r e  t h e  c o l ~ s t r a f l t ~ s  01' loael l e v e l  dec i s i on -make r s  s o  t h a t  

they always choose o p t i m a l l y ,  much can be accomplished by educa t i on  

and open c o m u n i c a t i o ~ ~ s  Letween h i g h e r  a n d  lower l e v e l  decision-makers . 
Sometimes i n d i v i d u a l s  make poor c h o i c e s  because they  are unaware o f  t h e  

p roper  cor : s idera t ions  I n  rcroject e v a l u a t i o n  d e c i s i o n s .  Sometimes t oo ,  

ind i l r idua l s  make a poor cho ice  knowillg t h a t  t h e i r  cho ice  i s  a poor 

one from a h igher  l e v e l  p e r s p e c t i v e ,  bu t  make i t  anyway because t h e y  

s e e  t h a t  t h e  succe s s  c r t i e r i a  for  t h e i r  p o s i t i o n s  a r e  s t r u c t u r e d  t o  

make cha t  poor. cho ice  ;ccord w i th   heir- own pe r sona l  i n t e r e s t s .  In 

t he  l a t t e r  c a s e  i t  may well be  t h a t  i n d i v i d u a l s  would go t o  h i g h e r  l e v e l  

management and e x p l a i n  why they thlnk t h e  i n c e n t i v e s  should be  s t r u c t u r e d  

3 ~ h e  p r o j e c t  p l a e d r r  ve r su s  manager d i s t i n c t i o n  i s  a p p l i c a b l e  t o  t h e  
d i s c u s s i o n  of shadow p n i c t  i n  t he  p r ev ious  s e c t i o n  i n  t h e  s e n s e  t h a t  a 
perso;: i n  t h e  plann ing m i r l i s t ~  y wolilc! want t o  encourage an e d u c a t i o n a l  
p r o j e c t  manager t o  USE? t h e  LC-lie economic c o s t s  (shadow p r i c e )  o f  r e sou rce s  
i n  comparing and e v a l u a t i n g  ~o rnpe t i ng  a l t e r n a t i v e s ,  even though i t  is 
the  a r t u a l  market p r i c e  f o r  t h e  p a r t i c u l a r  r e s o u r c e  t h a t  would u s u a l l y  
be pa ld  from t h e  manager ' s  budge t .  S i m i l a r l y ,  t he  d i s t i n c t i o n  is r e l e v a n t  
t o  some a s p e c t s  of the friiance d i s c u s s i o n  i n  t h e  fo l lowing  s e c t i o n ;  many 
i n s t r a c t i o n a l  technology p r o j e c t s  i n  developing n a t i o n s  a r e  subs id i zed  
t o  some e x t e n t  by  f a r e i g ~ i  governrilenrs o r  f o r e i g n  a i d  agenc i e s  and t h e s e  
e x t e r n a l  agen t s  should i l i a l l y  s t r u c t u r e  i n c e n t i v e s  t o  encourage t h e  
p r o j e c t  marlager t o  con, ldrr  a l t e r n a t i v e s  from t h e  p e r s p e c t i v e  of t o t a l  
world c o s t s ,  t h a t  i s ,  ilot j u s t  film t h e  p e r s p e c t i v e  of c o s t s  i n c u r r e d  
by t h e  n a t i o n  i n  which t h e  p r o j e c t  is  being developed. 



d i f f e r e n t l y  in o rde r  f o r  them t o  make b e t t e r  dec i s ions ,  i f  they  

be l ieved  t h a t  those above them would be responsive t o  t h e i r  euggest ions.  

I n  t he  former case,  t h e  educa t ion  of lower l e v e l  management concerning 

t h e  bes t  l ~ a y  t o  conceive of c o s t s ,  e f f e c t s ,  and b e n e f i t e ,  might a i d  

s u b s t a n t i a l l y  i n  genera t ing  b e t t e r  dec i s ions .  

Th i s  r epo r t  is c h i e f l y  concerned with cos t  a n a l y s i s  f o r  t h e  p r o j e c t  

planner;  t,he primary cons ide ra t ion  i n  t h i s  chap te r ,  and i n  those  t h a t  

follow, i d  t h e  determinat ion of the  t r u e  economic c o s t s  of t he  p r o j e c t  

t o  be used f o r  r a t i o n a l  p r o j e c t  eva lua t ion .  Nonetheless,  a s  implied 

by t h e  above d f scuss ion ,  t h e  a c t u a l  decision-making s t r u c t u r e  of any 

p a r t i c u l a r  p r o j e c t  deserves  c a r e f u l  a t t e n t i o n .  I t  is i n s u f f i c i e n t  f o r  

the  p r o j e c t  p lanner  t o  choose t o  implement t h e  bes t  a l t e r n a t i v e  i n s t r u c -  

t i o n a l  s t r a t e g y  i f ,  once t h a t  p r o j e c t  i s  i n i t i a t e d ,  the  decision-making 

environment t h a t  t h e  p r o j e c t  manager ope ra t e s  i n  c o n s i s t e n t l y  encourages 

him o r  he r  t o  make suboptimal dec i s ions .  

3. ERRORS IN COST ESTIMATION 

In  undertaking a cos t  a n a l y s i s  one must be aware no t  only of t h e  

co r r ec t  methodological approach, but  a l s o  of sources  of errors--and 

t h e i r  p o t e n t i a l  magnitude--in cos t  e s t ima t ion .  I n  t h i s  s e c t i o n  we 

t a k e  a  b r i c f  look a t  t h e  types  of e r r o r s  t h a t  commonly pose problems 

t o  a  c o s t  a n a l y s i s  of an i n s t r u c t i o n a l  technology system and a t  what 

can be done t o  minimize them. 

A t  t h e  o u t s e t ,  i t  is u s e f u l  t o  d i s t i n g u i s h  between two types  o f  

cos t  ana lyses :  h i s t o r i c a l  cos t  ana lyses ,  which examine the  p a s t ,  

a l ready  incur red ,  c o s t s  o f  a  system, and p r o j e c t e d  cos t  ana lyses ,  

which develop estimates of  f u t u r e  system c o s t s .  Most c o s t  s t u d i e s  

involve both types  o f .  a n a l y s i e ,  fol lowing a  success ion  of  s t e p s ;  

f i r s t ,  t h e  h i s t o r i c a l  c o s t s  of a  system are s t u d i e d ,  second, t h e  

h i s t o r i c a l  - e l a t i o n s h i p  between t h e s e  c o s t s  and t h e  system v a r i a b l e s  

t h a t  i n f luence  them is s p e c i f i e d ,  and t h i r d ,  f u t u r e  system c o s t s  are 

p r o j e c t e d  based on hypotheses concerning the  f u t u r e  con f igu ra t ion  of  



c o s t - ~ n f l u e n c i n g  system v a r i a b l e s .  The p o t e n t i a l  sources f o r  e r r o r  may 

be d i f f e r e n t  a t  each s t e p  i n  t he  cos t  a n a l y s i s .  

A p o t e n t i a l l y  major source of e r r o r  is encountered i n i t i a l l y  i n  

a t tempt ing  t o  put t oge the r  e x i s t i n g  c o s t  da t a  t h a t  w i l l  g ive  an 

accu ra t e  h i s t o r i c a l  p o r t r a i t  of system c o s t s .  I n  a l l  l i k e l i h o o d  i t  

i s  not  t h a t  the c o s t  d a t a  a v a i l a b l e  a r e  i n c o r r e c t ,  a l though t h i s  is  

poss ib l e ,  but t h a t  t he  a v a i l a b l e  cos t  information i s ,  i n  a sense ,  

disguLsed. Levin (1975),  i n  an e x c e l l e n t  a r t i c l e  on cos t - e f f ec t iveness  

eva lua t ion  i n  gene ra l ,  p o i n t s  out t h a t  t he  c o l l e c t i o n  of c o s t  d a t a  

r e l evan t  t o  eva lua t ion  i s  r a r e l y  b u i l t  i n t o  a  p r o j e c t .  Cost i n fo r -  

mation systems, i f  they eve11 e x i s t ,  a r e  u sua l ly  designed f o r  accounting 

and managerial  con t ro l  purposes,  and the  expense c a t e g o r i e s  u t i l i z e d  

a r e  o f t e n  q u i t e  d i f f e r e n t  from the func t iona l  c l a s s i f i c a t i o n  needed 

f o r  system eva lua t ion .  Many s i g n i f i c a n t  c o s t s  of t h e  t o t a l  system 

may not  even be included Fn the p r o j e c t ' s  budget; i n  the  ca se  of an  

i n s t r u c t i o n a l  technology system, r e l evan t  system c o s t s  may be borne 

by fore ign  governments o r  i n t e r n a t i o n a l  a i d  agencies ,  by o t h e r  

min i se r i e s  w i th in  the  country (such a s  those respons ib le  f o r  r a d i o  

and t e l e v i s i o n  communications), by o t h e r  departments w i th in  the  

educat ion min i s t ry  ( e s p e c i a l l y  some of t he  c e n t r a l  admin i s t r a t i on  

c o s t s ' ,  o r  by o t h e r  s e c t o r s  of  the economy o r  p r i v a t e  i n d i v i d u a l s  ( a s  

i n  t h e  case  of 'donated '  t ransmiss ion  time, f a c i l i t i e s ,  o r  t h e  e f f o r t s  

of i n d i v i d u a l s ) .  Furthermore, even when good cos t  information systems 

e x i s t ,  they a r e  f r equen t ly  sub jec t  t o  change over t ime, may not  be 

comparzble with o t h e r  cos t  d a t a  col lectLon systems t h a t  con ta in  cos t  

information re levant  t o  the  p r o j e c t  eva lua t ion ,  and always need t o  

be co r r ec t ed  f o r  i n f l a t i o n  induced changes i n  p r i c e s  t h a t  do not  

r e f l e c t  changes i n  r e a l  c o s t s .  Even the  most exper t  c o s t  ana lys t  

w i l l  f fnd t h a t  he o r  she has t o  spend a  g r e a t  d e a l  of time i n  making 

adjustments  t o  the cos t  daca a v a i l a b l e  t o  c o r r e c t  f o r  t he  d a t a  

d e f i c i e n c i e s  mentioned above. A s  F isher  (1971, p.  143) sugges ts  

i n  a  ve-y thorough d i scuss ion  of cos t  a n a l y s i s  appl ied  t o  n a t i o n a l  



defense systems, "what i s  requi red  is ingenui ty ,  p e r s i s t e n c e ,  and j u s t  

p l a i n  hard work. l v 4  

A prcblem r e l a t e d  t o  those  d i scussed  above e n t e r s  in t h e  second 

s t e p  of t h e  c o s t  a n a l y s i s  i n  which the  ana lys t  develops t h e  r e l a t i o n s h i p  

between the  h i s t o r i c a l  c o s t s  of t h e  system and those  c h a r a c t e r i s t i c s  

of t h e  sys.:em t h a t  a f f e c t e d  t h e  magnitude of t h e  c o s t s  i ncu r r ed .  I n  

an instructional technology system such v a r i a b l e s  would i nc lude  the  

number of s t u d e n t s  se rved  by t h e  system, t h e  number of hours  of  

programming produced annua l ly ,  the  number of hours  broadcas t  annual ly ,  

t h e  l i f e t i m e  of i n s t r u c t i o n a l  programs, t h e  geographical  a r e a  covered, 

t h e  power source used f o r  t e l e v i s i o n  r e c e i v e r s ,  e t c .  ( s ee  Chapter I V  

f o r  a  f u l l e r  d i s cus s ion  of these  v a r i a b l e s  and t h e i r  r e l a t i o n s h i p  t o  

system c o s t s ) .  F i she r  (1971, p.  131) p o i n t s  ou t  t h e  d a t a  c o l l e c t i o n  

problem askec t  of t h i s  endeavor,  i n  t h a t  

... t h e  a n a l y s t  must no t  only c o l l e c t  h i s t o r i c a l  c o s t  d a t a  
i n  t h e  r i g h t  format.  H e  [ s i c ]  must a l s o  o b t a i n  in format ion  
on q u a n t i t i e s ,  phys i ca l  and performance c h a r a c t e r i s t i c s ,  
a c t i v i t y  rates, and o t h e r  t ypes  of cos t -genera t ing  var iab les - -  
a l l  of which must be matched s p e c i f i c a l l y  t o  t h e  c o s t  d a t a  
p o i n t ; .  

Sometimes t h i s  i s  d i f f i c u l t  because information on 
t h e  cost-generat ing v a r i a b l e s  must be e x t r a c t e d  from 
d i f f e r e n t  sets of r eco rds  than those  con ta in ing  t h e  c o s t  
d a t a .  And d i f f e r i n g  sets of r eco rds  a r e  o f t e n  compiled 
on d i f f e r e n t  p r i n c i p l e s . .  . . 

Fur the r ,  even wi th  an a c c u r a t e  matching of h i s t o r i c a l  c o s t s  t o  t h e  

r e l e v a n t  cos t -genera t ing  system c h a r a c t e r i s t i c s ,  t h e  es t imated  

r e l a t i o n s h i p  between t h e  two is  n e c e s s a r i l y  an approximation, and is 

thus  s u b j e c t  t o  e r r o r .  

The f i n a l  s t e p  of t h e  c o s t  a n a l y s i s  p rocess  w i l l  no t  on ly  r e f l e c t  

(and perhaps magnify) t h e  e r r o r s  a s s o c i a t e d  w i th  t h e  p r i o r  s t a g e s  of  

t h e  a n a l y s i s ,  bu t  may a l s o  i n t roduce  new, and probably g r e a t e r ,  e r r o r s  

i n t o  t h e  s tudy.  The e s s e n t i a l  problem faced i s  t h e  obvious one-- 

4 ~ i s h e r  (1971, p. 142) e s t i m a t e s  t h a t  even under t he  b e s t  
c i rcumstances c o s t  a n a l y s t s  must "spend a t  l e a s t  ha l f  t h e i r  t ime 
s t r u g g l i n g  w i t h  t he  d a t a  problem." 



f u t u r e  p r o j e c t i o n s  of any s o r t  a r e  f r augh t  w i th  u n c e r t a i n t y .  The f i r s t  

p a r t  of t h i s  t h i r d  s t e p  i nvo lve s  p r o j e c t i n g  t h e  l e v e l s  of t hose  c o s t -  

i n f l l e n c i n g  system v a r i a b l e s  thac w i l l  be r equ i r ed  f o r  t h e  system t o  

f u n c l i o n ,  accord ing  t o  ehe p r e s e n t  p l ans  f o r  t h e  f u t u r e  shape of  t h e  

system. To t h e  e x t e n l  t h a ~  t h e s e  p l a n s  f o r  t h e  f u t u r e  are modif ied,  

o r  a l e  s u b j e c t  t o  e r r o r ,  t h e  p r o j e c t i o n s  of f u t u r e  c o s t s  w i l l  be  

i n a c c u r a t e .  F u r t h e r ,  many a s p e c t s  o f  t h e s e  p l a n s  depend on f u t u r e  

environmental  f a c t o r s  t h a t  mc?) nor be s u b j e c t  t o  c o n t r o l  by t h e  p r o j e c t ,  

such as t h e  b i r t h  r a t e ,  t h e  p ropens i t y  of i n d i v i d u a l s  t o  t a k e  s choo l i ng ,  

o r  t h e  a v a i l a b i l i t y  of i n s t l u c t i o n a l  and t e c h n i c a l  pe r sonne l .  

Once t h e  r equ i r ed  f u t u r e  l e v e l s  of t h e  c o s t - i n f l u e n c i n g  v a r i a b l e s  

a r e  determined,  i t  i s  necessa ry  t o  r e l a t e  t h e s e  t o  f u t u r e  system c o s t s .  

The cos t - e s t ima t i ng  r e l a t i o n s h i p s  uer ived  i n  t he  second s t e p  of  t h e  c o s t  

a n a l y s i s  p rocess  u s u a l l y  form t h e  b a s i s  f o r  such p r o j e c t i o n s ,  bu t  a g a i n  

t h e r e  a r e  problems t h a t  can l e a d  t o  e r roneous  p r o j e c t i o n s .  F i r s t ,  there 

is always a  danger  i n  e x t r a p o l a t i n g  beyond t h e  range of t h e  h i s t o r i c a l  

expe r i ence ,  t h a t  i s ,  t h e  r e l a t i o n s h l p s  between system r e sou rce  r e q u i r e -  

ments (and t h e r e f o r e  c o s t s )  and the key s t r u c t u r a l  c h a r a c t e r i s t i c s  of  

t h e  system t h a t  were observed i n  t h e  p a s t  may no t  be i d e n t i c a l  i n  t h e  

f u t u r e .  The average r e l a r i o n s h i p s  Lilat hold  i n  t h e  p a s t  a r e  u s u a l l y  

e a s i e r  t o  observe than t h e  marglnal ones .  Yet it i s  t h e  marg ina l  

r e l a t i o n s h i p s  t h a t  a r e  most r e l e v a n t  t o  f u t u r e  p r o j e c t i o n s  i n  t h a t ,  

f o r  example, one needs  t o  know how system r e sou rce  requ i rements  f o r  

example, t h e  need f o r  t e a c h e r s ,  types  of programs, w i l l  change i n  t h e  

f u t u r e  a s  s t u d e n t s  a r e  adJed t u  the  system. Th i s  problem is no t  u s u a l l y  

a s  g r a a t  f o r  educa t iona l  systems a s  i t  is f o r  manufactur ing systems,  

s i n c e  t h e  c o n f i g u r a t i o n  of t h e  l a t t e r  a s  i t  expands o r  c o n t r a c t s  may 

be changed t o  maximize p r o d u c t i v i t y ,  whi le  i n  educa t i ona l  systems we 

(perhaps  un fo r tuna t e ly )  u s ~ l a l l y  determine r e sou rce  c o n f i g u r a t i o n s  by 

converltion o r  f i a t ;  n o ~ ~ d ~ h e l e d s  t h i s  problem should not  be neg l ec t ed .  

Second, given thac  one ha s  p r o j e c t e d  t h e  f u t u r e  l e v e l s  of  c o s t -  

i n f l u e n c i n g  system v a r i a b l e s  and h a s  t r a n s l a t e d  t h e s e  t o  t h e  phys i ca l  

r e sou rce s  r equ i r ed  by t h e  system,  i t  i s  then nece s sa ry  t o  conver t  

t h e s e  resource  needs  t o  c o s t s .  Here e n t e r s  one of t h e  more s e r i o u s  



and d i f f i c u l t  t o  d e a l  wi th  sources  of e r r o r ,  t h e  e s t ima t ion  of t h e  f u t u r e  

p r i c e s ,  i n  r e a l  terms (cor rec ted  f o r  i n f l a t i o n ) ,  of t he  r e sou rces  needed 

f o r  system ope ra t i on .  The c o s t s  o f  t echnologies  a r e  q u i t e  d i f f i c u l t  

t o  p r o j e c t  due t o  innovat ions  and changes i n  both supply and demand 

condi t ion&.  A somewhat more t r a c t a b l e ,  but none the less  d i f f i c u l t  

t a s k ,  i s  t o  e s t ima te  a c c u r a t e l y  the  s a l a r i e s  (aga in ,  i n  r e a l  terms) 

of personce l ,  such a s  t eache r s .  H i s t o r i c a l  t r e n d s ,  though f a r  from 

i n f a l l i b l e ,  may se rve  a s  a  guide. 
5  

We have seen t h a t  t h e r e  appears  t o  be s i g n i f i c a n t  p o t e n t i a l  f o r  

e r r o r s  a t  a l l  s t a g e s  i n  t h e  cos t  a n a l y s i s .  A f i n a l  po in t  t h a t  should 

be made r e l e v a n t  t o  sources  of e r r o r  concerns a  u s u a l l y  overlooked, 

but v a l i d ,  c r i t i c i s m  l ev i ed  by Carnoy and Levin (1975) i n  an a r t i c l e  

t h a t  s p e c i f i c a l l y  focuses  on i n s t r u c t i o n a l  technology system eva lua t ion .  

They r e f e r  t o  t he  ' f i r s t  law1 James Q .  Wilson (1973, p. 138) set ou t  

a s  a p p 1 : - a ~ l e  t o  a l l  c a se s  of s o c i a l  s c i ence  eva lua t ion  of p u b l i c  po l i cy ,  

namely t h a t  " [ a l l 1  po l i cy  i n t e r v e n t i o n s  i n  s o c i a l  problems produce t h e  

intended effect--lf t h e  r e sea rch  is c a r r i e d  ou t  by t hose  implementing 

t h e  p o l i c y  o r  t h e i r  f r i e n d s .  Carnov and Levin t r a n s l a t e  t h i s  t o  t h e  

eva lua t ion  o f  i n s t r u c t i o n a l  technology systems by po in t ing  ou t  t h a t  a 

good many of t h e  au tho r s  of such eva lua t ions  have c l o s e  c o n t a c t s  w i t h  

t he  funding agenc ies  suppor t ing  such p r o j e c t s ,  and "o f t en  t h e i r  e v a l u a t i o n s  

5 ~ t  s5ould be noted t h a t  i n  comparing the  c o s t s  of a  r e l a t i v e l y  c a p i t a l  
i n t e n s i v e  j .nstruct iona1 technology system with those of  a  r e l a t i v e l y  more 
l a b o r  i n t e n s i v e  t r a d i t i o n a l  educa t iona l  system, the  cons ide ra t i on  of  
f u t u r e  r e a l  p r i c e  changes, co r r ec t ed  f o r  i n f l a t i o n  can be q u i t e  important .  
H i s t o r i c a l l y ,  we  have seen  the  r e a l  p r i c e s  o f  many technologies  f a l l  over  
r ecen t  yea r s ,  whi le  t h e  r e a l  wages of t e ache r s  have inc reased ;  i f  t h i s  
t rend  were t o  con t inue ,  a s  w e  expect i t  t o ,  t h e  use of p r e sen t  p r i c e s  t o  
p r o j e c t  f u t u r e  c o s t s  may s e r i o u s l y  o v e r s t a t e  t h e  c o s t s  of t h e  technology 
system and - u n d e r s t a t e  t he  c o s t s  of t h e  t r a d i t i o n a l  system. 

6 ~ a r n o y  and Levin po in t  ou t  t h e  r ami f i ca t i ons  of t h e  ' law' f o r  t h e  
a n a l y s i s  of i n s t r u c t i o n a l  technology system e f f e c t i v e n e s s ,  as w e l l  a s  
c o s t s ,  alt l-ough t h e  former aspec t  w i l l  no t  be d i scussed  he re .  We should 
a l s o  menticn t h a t  Carnoy and Levin do e x p l i c i t l y  acknowledge t h e  re levance  
of Wilson's (1973, p .  138) 'second law' t o  t h e i r  own e v a l u a t i o n ,  namely 
t h a t  I1[n]o p o l i c y  i n t e r v e n t i o n  i n  s o c i a l  problems produce t h e  in tended  
e f f ec t - - i f  t h e  r e sea rch  is c a r r i e d  ou t  by independent t h i r d  p a r t i e s ,  
e s p e c i a l l y  those  s k e p t i c a l  of t he  po l i cy .  " 



have been sponsored d i r e c t l y  by t h e  agenc ies  and personnel  who have 

planned,  funded, and implemented the  p a r t i c u l a r  educa t iona l  technology 

t h a t  i s  being reviewed." They go on t o  say ,  t h a t  t h i s  s o r t  o f  

a c t i v i t y  of t e n  r ep re sen t s  t he  'dominant p r o f e s s i o n a l  concern'  of t h e  

e v a l u a t o r ,  and al though Carnoy and Levin do no t  equa te  expertise wi th  

b i a s  (and do e x p l i c i t l y  recognize t h e  advantages i nhe ren t  i n  e x p e r t i s e  

and c l o s e  a s s o c i a t i o n s  with a  p r o j e c t ) ,  they suggest  t h a t  many such 

e v a l c a t o r s  tend t o  g ive  t h e  ' b e n e f i t  of t h e  doubt '  t o  t h e  technology 

p r o j e c t ;  i t  i s  no t  t h a t  such e v a l u a t o r s  a r e  ' o v e r t l y  p a r t i s a n ' ,  bu t  

t h a t  i n  t h e i r  examination of system c o s t s  (and e f f e c t i v e n e s s ) ,  they 

tend t o  have an i m p l i c i t l y  f avo rab l e  a t t i t u d e  towards t he  technology 

t h a t  causes  them t o  dea l  with t h e  p o t e n t i a l  sou rces  f o r  e r r o r  d i scussed  

prev ious ly  i n  such a way a s  t o  unde r s t a t e  t h e  t r u e  c o s t s  o f  t h e  

technology system. 
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!Jespite t he  knowledge a v a i l a b l e  o r  t h e  p o t e n t i a l  sources  f o r  error 

i n  cos t  a n a l y s i s ,  a s  has  been d iscussed  above, i t  i s  d i f f i c u l t  t o  a s s e s s  

the  gene ra l  magnitude of t h e  e r r o r s  involved ,  and t h e  r e l a t i v e  importance 

of the  va r ious  p o s s i b l e  sources  of e r r o r .  This  is  n o t  too s u r p r i s i n g  

cons ide r ing  t h a t  resources  a r e  u sua l ly  devoted t o  only one c o s t  a n a l y s i s  

of  anv p a r t i c u l a r  system, and d e t a i l e d  c o s t  ana lyses  are a r e l a t i v e l y  

r ecen t  a d d i t i o n  t o  i n s t r u c t i o n a l  technology system e v a l u a t i o n ,  s o  t h a t  

d i f f e r e n t  c o s t  s t u d i e s  of t h e  same system a r e  no t  a v a i l a b l e  t o  compare, 

nor  has s u f f i c i e n t  t i m e  elapsed t o  examine t h e  accuracy of  recently 

made c q s t  p r o j e c t i o n s  f o r  the few p r o j e c t s  f o r  which they  a r e  a v a i l a b l e .  

Nonetheless ,  cos t i ng  experience i n  o t h e r  a r e a s ,  such a s  defense  systems, 

which has  been more c l o s e l y  s t u d i e d ,  p rovides  some approximate guides .  

F i she r  (1971) compares t h e  c o s t s  of defense systems made du r ing  

the ccnceptua l  phase of development with those made of  t he  same system 

a t  a  much l a t e r  s t a g e  of t he  program. H e  r e p o r t s  t h a t  even a f t e r  

/ 
Carney and Levin 's  c r i t i c i s m  is c l o s e l y  r e l a t e d  t o  a  problem t h a t  

i s  un fc r tuna t e ly  too common i n  c o s t  ana lyses .  It is o f t e n  p o l i t i c a l l y  
d e s i r a b l e ,  f o r  example f o r  f a c t i o n s  w i t h i n  a  Min i s t ry  of  Education who 
d e s i r e  t o  i n i a t e  a  p a r t i c u l a r  p r o j e c t ,  t o  underest imate  t he  p r o j e c t ' s  
c o s t s .  This  problem i s  a l s o  r e l a t e d  t o  t he  planner-manager d i s c u s s i o n  
i n  t he  preceding s e c t i o n ,  and i t s  r e s o l u t i o n  probably r e q u i r e s  some 
r e s t r u c t u r i n g  of i n c e n t i v e s  a s  d i scussed  prev ious ly .  



a d j u s t i n g  f o r  p r i c e  l e v e l  changes,  t he  l a t t e r  c o s t  e s t i m a t e s  a r e  2 o r  3 

times t h e  former,  wi th  t h e  r a t i o s  f o r  hardware requirements  i n  t h e  l a t e r  

e v a l u a t i o n s  r epo r t ed  by one s tudy  ranging from .7  t o  7  times t h e  

e s t i m a t e s  made by e a r l i e r  s t u d i e s .  Jamison (1972) r e p o r t s  t h a t  o t h e r  

ana lyses  c f  c a p i t a l  i n t e n s i v e  p u b l i c  s e c t o r  p r o j e c t s  i n  t h e  United 

S t a t e s  i n d i c a t e  c o s t  overruns of  i n i t i a l  estimates by f a c t o r s  of  3 

o r  4 .  F i she r  sugges t s  t h a t  a s  f a r  a s  t h e  sources  of t h e s e  e r r o r s  i s  

concerned, t h e  mises t imat ion  of f u t u r e  system resource  requirements  

is  5  t o  1 0  times more important  than m i s s p e c i f i c a t i o n  of t h e  c o s t  

e s t i m a t i n g  r e l a t i o n s h i p s .  Although F i she r  does not  b e l i e v e  t h a t  b i a s  

is an important  source of e r r o r  t h e  c o n s i s t e n t  underes t imat ion  of 

system coszs  l ends  some credence t o  Camoy and Levin ' s  comnents. Carnoy 

(1975) and Carnoy and Levin (1975) both provide examples of  c o s t  under- 

e s t i m a t e s  i n  i n s t r u c t i o n a l  technology eva lua t ions  t h a t  they f e e l  r e f l e c t  

t h e  ' b e n e f i t  of t h e  doubt '  type b i a s .  
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The sources  of p o t e n t i a l  e r r o r  a r e  many and t h e  p o t e n t i a l  e x t e n t  

o f  inaccuracy may be s i g n i f i c a n t .  Unfor tuna te ly ,  t h e r e  is not  much 

d e t a i l e d  advice  t h a t  can be given t o  t h e  cos t  a n a l y s t ,  o t h e r  than t o  

be aware of  t h e  p o s s i b l e  problems and a s  F i s h e r  (1971, p. 157) exhor t s :  
I t  Be ca re f  ul--use good judgment ! " Suggest i o n s  t o  improve c o s t  informa- 

t i o n  c o l l e c t i o n  systems a r e  worthy of s e r i o u s  a t t e n t i o n  ( s ee ,  f o r  

example, Coleman and Karweit (1968)) and more c a r e  needs t o  be given 

t o  t y ing  t h e s e  systems t o  e v a l u a t i o n a l  needs.  One very  u s e f u l  sugges t ion ,  

o f t e n  ignored ,  i s  t o  c o l l e c t  and r e t a i n  cos t  in format ion  on a s  d i s -  

aggregated a  b a s i s  as poss ib l e .  Nonetheless  t he  s u b s t a n t i a l  expense of 

a  new informat ion  system must be  eva lua ted  i t s e l f  i n  terms o f  whether 

t h e  a d d i t i o n a l  b e n e f i t s  acc ru ing  from it a r e  worth t h e  a d d i t i o n a l  c o s t a .  

'Although evidence f o r  t h e  e x t e n t  of e r r o r  i n  t h e  c o s t  a n a l y s i s  of 
i n s t r u c t i o n a l  technology p r o j e c t s  i s  s c a r c e  some informat ion  exists. 
Carnoy and Levin (1975) po in t  ou t  t h a t  Speagle ' s  (1972) estimates of  
t h e  c o s t s  of t h e  E l  Salvador p r o j e c t  a r e  almost 50% lower than those  
generated i n  t h i s  s tudy  ( s ee  Chapters  I11 and XII) whi le  recent, n o t  
ye t  publ i shed ,  evidence sugges t s  t h a t  a  d e t a i l e d  c o s t  s tudy  done i n  
t he  planning s t a g e s  of  t h e  Ivory  Coast ITV p r o j e c t  underest imated c o s t s  
by almost 70%. 



It i s  probably a  good idea f o r  the cos t  ana lys t  of an i n s t r u c t i o n a l  

technology system t o  be conserva t ive ,  t h a t  i s ,  t o  e r r  on the s i d e  of 

overest imation,  i n  cos t ing  a  new technology system. This is e s p e c i a l l y  

t r u e  given the  l i ke l ihood  w e  have seen of cos t  underest imation and 

the p robab i l i t y  tha t  the  c o s t s  of the new technology system w i l l  be 

compared t o  those of a t r a d i t i o n a l  system on which more r e l i a b l e  

h i s t o r i c a l  cos t  da t a  e x i s t .  The ana lys t  is we l l  advised t o  engage 

i n  and repor t  s e n s i t i v i t y  anialyses of h i s  o r  her  cos t  e s t ima tes ,  t h a t  

is,  the  s e n s i t i v i t y  of cos t  es t imates  t o  small changes i n  the  va r ious  

a s s u m t i o n s  he o r  she must necessa r i ly  make i n  the  ana lya is .  Fu r the r ,  

i t  must be r ea l i zed  t h a t  c o s t  ana lyses  a r e  perhaps most u s e f u l  as 

management t o o l s ,  and a s  such, should be t i e d  d i r e c t l y  t o  the  decis ion-  

making process,  a s  wel l  a s  be con t inua l ly  modified and r ev i sed  i n  t h e  

l i g h t  qf new information.  

F ina l ly ,  we should emphasize t h a t  cos t  a n a l y s i s  is  much more subjec t  

t o  e r r o r ,  and even i r r e l evance ,  i f  i t  i s  considered t o  be a s e p a r a t e  

component of a  p ro jec t  eva lua t ion .  F isher  (1971, p. 304) c l e a r l y  p o i n t s  

out  t l te  dangers of such an approach: 

To be e f f e c t i v e ,  the cos t  ana lys t  must funct ion  as an i n t e g r a l  
p a r t  of t he  systems a n a l y s i s  i n t e r d i s c i p l i n a r y  s tudy team. 
ke must be on hand from the  s t a r t  to  he lp  i n  the d i f f i c u l t  
t a sk  of s t r u c t u r i n g  the  problem t o  be analyzed, and t o  assist 
i.1 the formulation of ques t ions  and hypotheses t o  be examined. 
Only then w i l l  h i s  input  t o  the t o t a l  a n a l y t i c a l  process  be 
r e l evan t .  C o s t  e s t i m a t e s  can be r e l evan t  only when they 
r e f l e c t  the consequences of an appropriately defined decision 
o r  choice. 

It  m a )  be s u r p r i s i n g  t o  many t h a t  such c a r e  needs t o  be taken i n  what 

i s  o f t e n  considered one of the  m o s t  s t ra ight forward  a spec t s  of a 

p r o j e c t ' s  eva lua t ion  and management. However, i t  should be ev ident  

from t h i s  d iscuss ion  t h a t  i n  many re spec t s  c o s t  a n a l y s i s  i s  more an 

a r t  than a  sc ience  and needs t o  be undertaken i n  t h i s  l i g h t .  



4.  PROBLEB OF FINANCE 

A co .~ceptua l ly  s e p a r a t e  i s s u e  from t h a t  of  t h e  aggrega te  l e v e l  o f ,  

and uses  f o r ,  a  p r o j e c t ' s  r e sou rces ,  which a r e  r e f l e c t e d  i n  c o s t  

func t ions ,  i s  t h a t  of who b e a r s  t h e  c o s t s .  Th i s  is t h e  problem o f  

p r o j e c t  f inance .  For major educa t ion  p r o j e c t s  t he  fol lowing broad 

c a t e g o r i e s  inc lude  most p o t e n t i a l  sources  of f inance :  

m u l t i l a t e r a l  and b i l a t e r a l  i n t e r n a t i o n a l  donor agenc i e s ,  

c e n t r a l  governments 

l o c a l  governments and comnunit ies ,  and 

s t u d e n t s  and t h e i r  f a m i l i e s .  

Understanding t h e  sou rces  of f i nance  of ongoing p r o j e c t s  and 

planning f i nances  c a r e f u l l y  f o r  f u t u r e  p r o j e c t s ,  are important  f o r  a t  

l e a s t  t h r e e  reasons.  F i r s t ,  p r o j e c t s  must cover  t h e i r  c o s t s ;  t h e  

ques t i on  of which p r o j e c t  c o n f i g u r a t i o n s  a r e ,  and which a r e  n o t ,  

f i n a n c i a l l y  f e a s i b l e  is an important  one. Second, t h e  s t r u c t u r e  o f  

t h e  f i nanc ing  w i l l  a f f e c t  p r o j e c t  development and u t i l i z a t i o n  through 

i t s  i n c e n t i v e  e f f e c t s .  I f ,  f o r  example, an i n t e r n a t i o n a l  donor agency 

w i l l  f i nance  on ly  c a p i t a l  equipment, l o c a l  p r o j e c t  managers may have a 

s t r o n g  i n c e n t i v e  t o  des ign  a =re c a p i t a l - i n t e n s i v e  p r o j e c t  than  

p r e v a t l i n g  p r i c e s  would i n d i c a t e  t o  be op t imal .  O r ,  t o  t a k e  a second 

example, i I  a c e n t r a l  government r e q u i r e s  t h a t  l o c a l  comnunities o r  

s t u d e n t s  bear  a  l a r g e  f r a c t i o n  of t h e  c o s t s  ( i n  money o r  i n  k ind ) ,  

they  can expect  t h a t  u t i l i z a t i o n  w i l l  be  lower than i f  t h e  c e n t r a l  

government provided more subsidy.  This  may be d e s i r a b l e  o r  undes i r ab l e ;  

t h e  po in t  i s  simply t h a t  t he se  i n c e n t i v e  e f f e c t s  a r e  a p t  t o  be  t h e r e  

and, perhaps,  t o  be  s t rong .  F i n a l l y ,  t h e  f i nanc ing  s t r u c t u r e  w i l l  have 

important  i m p l i c a t i o n s  f o r  t h e  income d i s t r i b u t i o n a l  e f f e c t s  of  a  

p r o j e c t .  The o v e r a l l  d i s t r i b u t i o n a l  impact of t h e  p r o j e c t  w i l l  b e  

determined by t h e  answers t o  t h e  two ques t i ons :  Who b e n e f i t s ?  Who pays? 

Study of system f inance  can provide  an answer t o  t h e  second o f  t h e s e  

d i s t r i b u t i o n a l  ques t i ons .  

Eva lua t ions  of t h e  funding sou rces ,  mo t iva t iona l  impact,  and 

d i s t r i b u t i o n a l  impact of major educa t iona l  p r o j e c t s  have, t o  t h e  



au tho r s '  knowledge, r a r e l y  been undertaken. We f e e l  t h a t  f u r t h e r  

research  along these  l i n e s  has high p r i o r i t y  i n  l i g h t  of the increased 

concern on the  p a r t  of a  number of governments and lending organiza t ions ,  

f o r  example, the  World B a r k  and t h e  Agency f o r  I n t e r n a t i o n a l  Development, 

f o r  d i s t r i b u t i o n a l  ques t ions .  We o f f e r ,  however, a  number of t e n t a t i v e  

observa t ions  on the  mat te r  of f inance .  

1. The t y p i c a l  terms of repayment f o r  loans  from an i n t e r n a t i o n a l  

doncr agency e n t a i l  a s u b s t a n r i a l  g ran t  component. By g ran t  component 

we mean the  d i f f e r e n c e  between t h e  va lue  of t he  loan  received and 

t h e  value of t h e  repayment s t r e m  requi red  t o  pay back t h e  loan .  
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I n  o rde r  t o  c a l c u l a t e  t he  g ran t  va lue  of a  loan ,  one must c a l c u l a t e  

the  --alue of the  repayment s t ream. This  r e q u i r e s  knowledge of the  

p r e c i s e  terms of t h e  loan  and of a annual d i scount ing  f a c t o r  t o  

convert  f u t u r e  repayments i n t o  t h e i r  ' p r e sen t '  value so  they can be 

compared t o  the  loan.  This  annual d i scount ing  f a c t o r  i s  t h e  sum of 

two :omponents--the r a t e  of i n f l a t i o n  of t h e  currency i n  which the  loan  

must be repa id  and t h e  s o c i a l  d i scount  r a t e  of t he  r e c i p i e n t  country.  

The r a t e  of i n f l a t i o n  of t he  zepayusnt currency is c l e a r l y  important ;  

t he  c o r e  r a p i d l y  the currency i n f l a t e s ,  the  lower w i l l  be t h e  r e a l  

va lue  of  f u t u r e  repayments. This i s  exac t ly  analogous t o  a  homeowner's 

repayment of a  mortgage; h i s  o r  h e r  payments a r e  f ixed  i n ,  say ,  d o l l a r  

terms and i f  t he  d o l l a r  i s  i n f l a t i n g  then t h e  r e a l  va lue  of h i s  payments 

decreases and hence he o r  she b e n e f i t s .  The s o c i a l  discount  r a t e  f o r  

a  c o n t r y  i s  a  planning concept tha t  allows comparison of ( i n f l a t i o n -  

ad jus ted)  resources  a t  t he  present  w i th  resources  i n  t he  fu tu re .  

Most i nd iv idua l s  (and c o u n t r i e s )  have p o s i t i v e  s o c i a l  discount  r a t e s ;  

t h a t  i s ,  they p r e f e r  resources now r a t h e r  than i n  the  f u t u r e .  A 

country wi th  a s o c i a l  d i scount  r a t e  of 18% would be i n d i f f e r e n t  

between $1,000,000 now and $1,100,000 one year from now, assuming no 

i n f l a t i o n .  For the  purpose of computing the  g ran t  component of a  loan ,  

a  d i scount ing  f a c t o r  of a t  l e a s t  8% should be used t o  r e f l e c t  a  minimal 

neg lec t  i n  t h i s  d i scuss ion  t h e  l o s s  i n  purchasing power t h a t  
may r e s u l t  from a  loan ' s  being t i e d  ro purchases i n  t h e  lending  country.  



i n f l a t i o n  r a t e  f o r  hard c u r r e n c i e s ;  t y p i c a l  va lues  of  s o c i a l  d i s coun t  

r a t e s  could t a k e  t h e  d i s coun t ing  f a c t o r  t o  a  l e v e l  of  152 o r  more. 

I n  Table 11.1 w e  show how t h e  g ran t  component of a loan  v a r i e s  

wi th  t h e  annual  d i s coun t ing  f a c t o r  f o r  l oans  wi th  repayment terms 

cus tomar i ly  used by t h e  U. S .  Agency f o r  I n t e r n a t i o n a l  Development. 

Footnote a  of t h e  t a b l e  s t a t e s  t h e s e  terms. A t  a  minimal d i s c o m t i n g  

f a c t o r  of  7.5% ( r e f l e c t i n g  only  i n f l a t i o n ,  and probably a low estimate 

f o r  t h a t ) ,  Table  11.1 shows t h a t  t h e  g ran t  component of an A I D  loan  is 

57%; i f  t h e  d i s coun t ing  f a c t o r  i s  15%, t h e  g ran t  component i s  82%. 

Another way of  p u t t i n g  t h i s  is t h a t  i f  t h e  d i s coun t ing  f a c t o r  is 15X, 

t h e  r e c i p i e n t  count ry  would be i n d i f f e r e n t  between r ece iv ing  a  loan  on 

t h e  A I D  terms and r ece iv ing  an o u t r i g h t  g r an t  whose va lue  was 82% o f  

t h e  va lue  of t h e  loan .  

The g ran t  component of t he se  A I D  and o t h e r ,  s i m i l a r ,  i n t e r n a t i o n a l  

development l o a n s  is thus  q u i t e  h igh ;  exac t ly  how high i s  determined by 

t h e  (unce r t a in )  i n f l a t i o n  r a t e  of t he  repayment cur rency  and t h e  

r e c i p i e n t  count ry ' s  s o c i a l  r a t e  of d i s coun t .  

2 .  A second obse rva t ion  on f i nance  is t h a t  e x i s t i n g  p a t t e r n s  of 

f i nance  f o r  major educa t iona l  p r o j e c t s  can o f t e n  impart a  c a p i t a l -  

i n t e n s i v e  b i a s  t o  them. I f  i n t e r n a t i o n a l  l oans  o r  g r a n t s  are t i e d  t o  

equipment Furchase o r  major c o n s t r u c t i o n  a c t i v i t i e s  then ,  from t h e  view- 

po in t  of t\e l o c a l  p l anne r ,  t h e s e  i t e m s  have l i t t l e  s c a r c i t y  va lue .  He  

w i l l  tend LO t r e a t  them a s  r e l a t i v e l y  c o s t l e s s  i n  c o n t r a s t  t o ,  f o r  

example, s t u d i o  personnel  whose s a l a r i e s  must be  pa id  o u t  of a l o c a l  

budget. Though t h i s  might be r a t i o n a l  from the  l o c a l  pe r spec t ive ,  it 

can l ead  t o  major m i s a l l o c a t i o n s  of resources .  The au tho r s  are aware 

of one exa.nple where new s t u d i o  f a c i l i t i e s  were cons t ruc t ed  w i t h  

i n t e r n a t i o n a l  funds even though p e r f e c t l y  adequate  s t u d i o s  a l r e a d y  

ex i s t ed .  They are aware of numerous examples of s t u d i o s  more e l a b o r a t e l y  

equipped t l a n  appears  t o  be necessary  f o r  i n s t r u c t i o n a l  t e l e v i s i o n  

product ion ,  W e  expec t  t h a t  some of t h e  overemphasis on TV i n  comparison 

t o  r a d i o  r e s u l t s  from donor agency w i l l i n g n e s s  t o  fund c a p i t a l  costs. 



TABLE 11.1 

CALCULATED GRANT COMPONENT OF A I D  
HARD CURRENCY  LOANS^ 

.- - 

A  B C (=A+B) 
Annual P r e s e n t  Value P r e s e n t  Value  P r e s e n t  Value 

Discoun t ing  of  I n t e r e s t  of  Loan of A l l  P e r c e n t  
F a c t o r  b  Paymen tsC Repayments Payments  rant^ 

- 

a 
The e n t r i e s  i n  t h e  columns l a b e l l e d  A, B y  and C a r e  t h e  p r e s e n t  

v a l u e s  of f u t u r e  repayments of  a  l o a n  of v a l u e  $1000 t o  a r e c i p i e n t  c o u n t r y .  
The s t a n d a r d  A I D  repayment s c h e d u l e  i s  a s  f o l l o w s :  ( i )  For t h e  f i r s t  t e n  
y e a r s  a f t ~ r  r e c e i p t  of  t h e  l o a n  t h e  r e c i p i e n t  c o u n t r y  r e p a y s  t h e  U.S. 
accumulated i n t e r e s t  s e m i a n n u a l l y ;  t h e  r a t e  of  i n t e r e s t  is 2% p e r  annum. 
( i i )  Loan repayment b e g i n s  a f t e r  10  y e a r s  and t h e  i n t e r e s t  r a t e  cha rged  
i n c r e a s e s  t o  3%; t h e  repayment s c h e d u l e  c a l l s  f o r  e q u a l  semiannual  payments 
over  a p e r i o d  of 30 y e a r s .  

b ~ o  compute t h e  g r a n t  component of  a l o a n  i t  is n e c e s s a r y  t o  have a  
d i s c o u n t i n g  f a c t o r  f o r  f u t u r e  repayments .  T h i s  d i s c o u n t i n g  f a c t o r  is t h e  
sum of two i tems-- the  e x p e c t e d  r a t e  of  i n f l a t i o n  of  t h e  d o l l a r  and t h e  
r e a l  s o c i a l  d i s c o u n t  r a t e  of t h e  r e c i p i e n t  coun t ry .  For s i m p l i c i t y  of 
computation and because  of l a c k  of a l t e r n a t i v e  i n f o r m a t i o n ,  w e  assume a 
c o n s t a n t  d i s c o u n t i n g  f a c t o r .  

C The e n t r i e s  i n  t h i s  column a r e  t h e  p r e s e n t  v a l u e s  of t h e  i n t e r e s t  
payment d u r i n g  t h e  1 0  y e a r  p e r i o d  p r i o r  t o  commencing repayment o f  t h e  
l o a n ,  assuming t h e  i n i t i a l  v a l u e  of  t h e  l o a n  t o  be $1000. 

d ~ h e  e n t r i e s  i n  t h i s  column a r e  t h e  p r e s e n t  v a l u e s  o f  t h e  30-year 
l o a n  repayment s t r e a m ,  which b e g i n s  10 y e a r s  a f t e r  g r a n t i n g  t h e  l o a n ,  
assuming t h e  i n i t i a l  v a l u e  of  t h e  l o a n  t o  be $1000. 

e  
T h i s  column i n d i c a t e s  t h e  p e r c e n t a g e  o f  a  l o a n  t h a t  i s  a c t u a l l y  a 

g r a n t ;  i t  e q u a l s  1000 minus t h e  v a l u e  o f  column C ,  d i v i d e d  by 1000, 
e x p r e s s e d  as a  p e r c e n t a g e .  The g r a n t  component i n c r e a s e s  t o  a h i g h  f r a c -  
t i o n  of  t h e  l o a n  a s  f u t u r e  repayments become more h e a v i l y  d i s c o u n t e d .  



In  t h e  terminology of t h e  previous chap te r ,  most i n t e r n a t i o n a l  

f inance  of i n s t r u c t i o n a l  technology is r e s t r i c t e d  t o  c a p i t a l  c o s t s ,  

p a r t i c u l a r l y  f ixed  c a p i t a l  cos t s .  (Some goes f o r  v a r i a b l e  c a p i t a l  

c o s t s ,  such a s  r e c e i v e r s . )  Mechanisms should be sought t o  a l l ow i n t e r -  

n a t i o n a l  f inance  t o  cover more i n  t h e  way of r e c u r r e n t  and v a r i a b l e  

cos ts ;1°  once these  mechanisms a r e  a v a i l a b l e ,  l ending  agencies  should 

cons ider  e x p l i c i t l y  t h e  ques t ion  of whether and how b e s t  t o  c o n t r o l  

u t i l i z a t i o n  of g ran t  and loan funds. 

3. A t h i r d  po in t  concerning t h e  f i n a n c i a l  a spec t s  of i n s t r u c t i o n a l  

technolog:. p r o j e c t s  is t h a t  they  a r e  o f t e n  claimed t o  have important 

favorable  r e d i s t r i b u t i o n a l  e f f e c t s .  The bases  f o r  t h i s  c laim are, f i r s t ,  

t h a t  f o r  a given l e v e l  of expenditure  t h e  technologies  can provide 

r e l a t i v e l y  b e t t e r  i n s t r u c t i o n  i n  r u r a l  a r e a s  (and i n  t h e  poorer  p a r t s  

of urban a r e a s ) ,  and, second, t h a t  t h e  inc idence  of c o s t  of technologica l  

approaches t o  i n s t r u c t i o n  is  more progress ive  than f o r  t r a d i t i o n a l  

approaches. We b e l i e v e  t h a t  t hese  c la ims  a r e  probably c o r r e c t  f o r  most, 

b u t  no t  a l l ,  e x i s t i n g  p r o j e c t s ,  and t h a t  wi th  proper  p r o j e c t  des ign  t h e  

r e d i s t r i b u t i v e  p o t e n t i a l  of investment in i n s t r u c t i o n a l  technologies  could 

be enhanced. We stress, however, t h a t  a lmost  no d a t a  e x i s t  on t h i s  

i n c r e a s i n g l y  important  mat te r .  
11 

The preceding t h r e e  p o i n t s  on t h e  n a t u r e  and impact of f inanc ing  

 mechanism^ f o r  i n s t r u c t i o n a l  technology systems po in t  c l e a r l y  t o  t h e  need 

f o r  more research .  Though it  would be d e s i r a b l e  t o  know more about t h e  

A I D  loan  t o  t h e  elementarylmiddle school  p r o j e c t  of t h e  Korean 
Educat ional  Development I n s t i t u t e  (Chapter VII) is an example of  one 
such mechanism. The Koreans wished t o  pu t  t he  loan i n  a bank and use  
t h e  i n t e r e s t  payments t o  f inance  r e c u r r e n t  expenses. A I D  consented, 
though apparent ly  w i th  some ques t ion ing  on t h e  p a r t  of t h e i r  a u d i t o r s .  

 lees (1975, Chapter VI) d i s c u s s e s  t h e  impact on achievement 
i n e q u a l i t y  of t h e  Mexican Telesecundaria  from s e v e r a l  pe r spec t ives .  
H i s  most i w o r t a n t  conclusion from t h e  p o i n t  of view of po l i cy  was 
t h a t ,  because of  i t s  l o v e r  c o s t  than t r a d i t i o n a l  i n s t r u c t i o n ;  
Telesecundaria  would be more i n e q u a l i t y  reducsng. However, it should 
a l s o  be noted,  t h a t  t h e  f i nanc ing  of t h e  Telesecundaria ,  as d i scussed  
i n  Klees (1975) and i n  Chapter Xf of t h i s  r e p o r t ,  appears  t o  be less 
e g a l i t a r i a n  than t h e  f inanc ing  of t h e  t r a d i t i o n a l  Mexican educa t iona l  
system. 



p e d a g ~ g i c a l  impact and c o s t  of i n s t r u c t i o n a l  technology systems, much 

va luable  d a t a  a r e  a v a i l a b l e  and have been analyzed. Not eo f o r  f inance.  

We have almost no empir ical  information on t h e  d i s t r i b u t i o n a l  impact 

of e x i s t i n g  i n s t r u c t i o n a l  technology systems; on t h e  ex ten t  t o  which 

differential subs id i za t ion  of system components d i s t o r t s  i ncen t ives ;  

on how varying f i n a n c i a l  s t r u c t u r e s  does (could) a f f e c t  demand and 

u t i l i z a t i o n .  Even l imi t ed  research  e f f o r t s  should provide va luable  

inforna t ion .  

In  Chapter I we i m p l i c i t l y  assumed t h a t  the  information u t i l i z e d  

i n  a cos t  a n a l y s i s  would be t h e  market p r i c e s  paid f o r  t h e  p a r t i c u l a r  

resources  employed in the  p r o j e c t .  In Sec t ion  1 of t h i s  chapter  we 

examined why t h i s  may not be s o ;  i n  some s i t u a t i o n s  market p r i c e s  f a i l  

t o  r e i l e c t  t h e  t r u e  economic va lue  of a resource  ( t h a t  is, its shadow 

p r i c e )  and, consequently, suboptimal dec i s ions  could be made when 

eva lua t ing  a l t e r n a t i v e  i n s t r u c t i o n a l  s t r a t e g i e s  i f  market p r i c e s  of 

resources  nre u t i l i z e d  unques t ion i r i l y .  In p a r t i c u l a r ,  t h e  wages of 

t eache r s  may o v e r s t a t e  t h e i r  economic value i n  urban a r e a s  (where 

teacher  su rp luses  a r e  common) and unders ta te  t h e i r  va lue  i n  r u r a l  a r e a s  

(where teachers  shor tages  a r e  common), and the  market p r i c e  o f  fo re ign  

exchange may often understate i t s  economic va lue .  

Sec t ion  2 discussed why the methodological cons ide ra t ions  developed 

i n  t h e  previous s e c t i o n s  a r e  i n s u f f i c i e n t  t o  i n s u r e  adequate p r o j e c t  

eva lua t ion  and decision-making; c a r e  must be taken t o  s e e  t h a t  those 

i n d i v i d u a l s  inves ted  with decision-making r e s p o n s i b i l i t y  have adequate 

knowledge and incen t ives  t o  make the  c o r r e c t  choices.  

I n  Sec t ion  3 w e  looked a t  t h e  poss ib l e  e r r o r s  i n  cos t  e s t ima t ion  

and t h e i r  l i k e l y  sources.  Cost assessment and c o s t  p r o j e c t i o n  a r e ,  i n  

some senses,  arts r a t h e r  than sc i ences  and r e q u i r e  ingenui ty  as we l l  a s  

c a r e f u l  judgment by t h e  a n a l y s t .  H i s t o r i c a l  experience in educat ion 

and o t h e r  s e c t o r s  suggests  t h a t  c o e t s  are almost always underestimated 



i n  a p r o j e c t ' s  planning and e a r l y  implementation s tages .  Thus i t  is 

reasonable t o  est imate the  c o s t s  of an i n s t r u c t i o n a l  t e c h o l o g y  p ro jec t  

conservatively,  t h a t  is, t o  attempt t o  err on the  s i d e  of overeetimation. 

It is a luo worthwhile t o  examine e x p l i c i t l y  the  s e n s i t i v i t y  of estimated 

projec t  c o s t s  t o  a l t e r n a t i v e  assumptions about projec t  resource 

requirement 8. 

Final ly ,  i n  Section 4 we discussed problems of evaluat ing and 

planning f o r  the  f inancing of education p ro jec t s .  There is reason 

t o  believe t h a t  i n s t r u c t i o n a l  technology p o t e n t i a l l y  r e d i s t r i b u t e s  

s o c i a l  resources more equitably than does t r a d i t i o n a l  i n s t r u c t i o n ;  

l i t t l e  is known empir ica l ly ,  however, about the  a c t u a l  incidence of  

cos t s  o r  benef i t s  from ex i s t ing  p ro jec t s .  Methodologies f o r  evaluation 

and planning must, i n  add i t ion  t o  examining the d i s t r i b u t i o n a l  impact 

of a projec t  and i ts financing,  a l s o  examine the  e f f e c t s  of f inancing 

on the  motivations of l o c a l  decision-makers. 

In what follows, we w i l l  apply the  concepts and methodology 

developed here t o  the  evaluation of c o s t s  f o r  i n s t r u c t i o n a l  radio  and 

t e lev i s ion  p ro jec t s .  Pa r t  I1 w i l l  d iscuss  r e s u l t s  from cost  evaluat ions  

of ongoing p ro jec t s  and app l i ca t ions  t o  the  planning of new pro jec t s .  

Pa r t  I11 conta ins  seven cos t  case s t u d i e s  upon which much of the  mate r i a l  

of Par t  I1 is  based. 



PART TWO 

COST ANALYSIS OF INSTRUCTIONAL TECHNOLOGY PROJECTS 



PART TlJO 

COST ANUSIS  OF INSTRUCTIONAL TECHNOLOGY PBOJECTS 

Once heard claims t h a t  va r ious  i n s t r u c t i o n a l  technologies  would 

quick ly  and d rama t i ca l ly  i n f luence  educa t iona l  p r a c t i c e  now seem f a r  

o f f  the  mark; t h e r e  have, nonethe less ,  been inc reas ing  numbers of 

educa t iona l  a u t h o r i t i e s  a c t i v e l y  explor ing  t h e  o p e r a t i o n a l  use  of 

technology i n  educat ion.  One important r a t i o n a l e  f o r  t he  increased 

use  of i n s t r u c t i o n a l  technologies  is  t h a t  a  l a r g e  number of research  

s t u o i e s ,  conducted over t h e  pas t  s e v e r a l  decades, a s  we l l  a s  r ecen t  

experience on an o p e r a t i o n a l  l e v e l  i n  many c o u n t r i e s ,  have demonstrated 

t h e  pedagogical e f f e c t i v e n e s s  of many of t hese  technologies .  Although, 

a s  i ud ica t ed  previous ly ,  our  primary concern here is  t o  examine the  

c o s t  s i d e  of t h e  p i c t u r e ,  below we b r i e f l y  review t h e  l i t e r a t u r e  on t h e  

e f f e c t i v e n e s s  of i n s t r u c t i o n a l  r ad io  and t e l e v i s i o n .  

Both i n s t r u c t i o n a l  r ad io  (IR) and i n s t r u c t i o n a l  t e l e v i s i o n  (ITV) 

have been u t i l i z e d  and t e s t e d  in a  wide v a r i e t y  of s i t u a t i o n s ,  a l though 

adequate eva lua t ions  of I R  have been l e s s  common than those  of ITV. 

Most comparative e f f e c t i v e n e s s  s t u d i e s  come from t h e  developed n a t i o n s ,  

i n  s p i t e  of t h e  f a c t  t h a t  perhaps t h e  most widespread u t i l i z a t i o n  o f  I R  

and T I V  occurs  i n  less developed coun t r i e s .  

The r e l a t i v e  e f f e c t i v e n e s s  of I R  has  been surveyed s e v e r a l  t i m e s  

i n  recent  yea r s .  Jamison, Suppes, and Wells (1973, pp. - 30-31) review 

two recent  surveys ( see  a l s o  Schramm, 1973),  and r e p o r t :  

Two surveys review information re levant  t o  the  e f f ec -  
t i veness  of I R .  One is Sec t ion  V I  of Chu and Schramm's (1967) 
comprehensive review of l ea rn ing  by t e l e v i s i o n .  The second is  
a p o s i t i o n  paper by Forsythe (1970) t h a t ,  i n  an earl ier  form, 
was prepared f o r  t he  P r e s i d e n t ' s  Commission on I n s t r u c t i o n a l  
Technology. Sources of f u r t h e r  information on I R  may be found 
i n  a  432-entry indexed b ib l iography compiled by R. Madden 
(1968), and an e a r l y  review of  r e sea rch  undertaken p r imar i ly  
i n  t he  late 1930's and e a r l y  1940's may be found i n  Woelfel 
and Tyler  (1945). 

Chu and Schranrm (1967) numbered the  p r i n c i p a l  conclus- 
jons of t h e i r  ex t ens ive  survey. The ones most re levant  t o  
I R  fol low.  



'53. Given favorable  cond i t i ons ,  pupi l  s c:in Leiirn 
from any i n e t r u c t i o n a l  media t h a t  arc 110w 
a v a i l a b l e .  

'58. The use of  v i e u a l  images w i l l  improve l e a r n i n g  
of manual t a s k s  a s  we l l  a s  o t h e r  l ea rn ing  where 
v i s u a l  images can f a c i l i t a t e  t he  a s s o c i a t i o n  
process .  Otherwise, v i s u a l  images may cause 
d i s t r a c t i o n  and i n t e r f e r e  wi th  l ea rn ing .  

'60. Student response is e f f e c t i v e l y  con t ro l l ed  by 
programmed methods, r e g a r d l e s s  of t h e  i n s t r u c -  
t i o n a l  medium. 

The i r  genera l  conclusion is t h a t  r a d i o ,  p a r t i c u l a r l y  when 
appropr i a t e ly  supplemented by v i s u a l  m a t e r i a l ,  can teach  
e f f e c t i v e l y  and, f o r  many purposes,  a s  wel l  a s  o t h e r  media. 

Forsythe (1970) reached a s i m i l a r  conclusion.  I n  sum- 
marizing s t u d i e s  of r a d i o ' s  e f f e c t i v e n e s s  he concluded : 

Kesearch c l e a r l y  i n d i c a t e s  t h a t  r ad io  is e f f e c t i v e  i n  
i n s t r u c t i o n .  Experimental s t u d i e s  comparing r ad io  
teaching  with o t h e r  means o r  media have found r a d i o  
as e f f e c t i v e  a s  t h e  so -ca l l ed  'convent ional  method2 
Even though rad io  has  been c r i t i c i z e d  f o r  being only 
an  audio medium, s t u d i e s  have shown t h a t  v i s u a l  
e lements  i n  l e a r n i n g  a r e  not  uniformly important .  I n  
many educa t iona l  s i t u a t i o n s  v i s u a l s  may be more harm- 
f u l  than he lp fu l .  Also,  t h e  e f f i c i e n c y  of combined 
audio and v i s u a l  media has  been chal lenged by s t u d i e s  
which show t h a t  multi-channel comnunications may no t  
be i n h e r e n t l y  more e f f e c t i v e  than s i n g l e  channel 
p re sen ta t ions .  

To support  h i s  conclus ions ,  Forsythe l i s t e d ,  among o t h e r s ,  
s t u d i e s  of  Carpenter  (1934),  Cook and Nemzek (1939), Harr ison 
(1932) , Heron and Z ieba r th  (1946),  Lumley (1933),  Miles (1940), 
and Wiles (1940). He a l s o  mentioned two experiments by NHK 
i n  Japan (NHK (1955, 1956)) t h a t  favored r ad io .  Forsythe,  
along wi th  Chu and Schramm, concluded t h a t  I R  compares wel l  
w i th  TI ( T r a d i t i o n a l  I n s t r u c t i o n ) .  It should be kept  i n  mind, 
though, t h a t  mst of t hese  s t u d i e s  a r e  o l d ,  and t h a t  i n  many 
of them t h e  s t a t i s t i c a l  c o n t r o l s  were imperfec t ,  t h e  amount 
of i n s t r u c t i o n  c a r r i e d  by I R  was smal l ,  o r  t h e  classroom 
teacher  d id  p a r t i c i p a t e  i n  t h e  program. Nonetheless,  we 
be l i eve  t h a t  t h e  o v e r a l l  conclusions of Chu and Schramm 
and of Forsythe a r e  c o n s i s t e n t  with t h e  a v a i l a b l e  evidence. 



'Je a l s o  f e e l  t h a t  t he re  is s u b s t a n t i a l  va lue ,  p a r t i c u l a r l y  
f o r  developing coun t r i e s ,  i n  obta in ing  much more extens ive  
evidence on t h e  e f f e c t i v e n e s s  of I R ;  of p a r t i c u l a r  importance 
would be experiments using I R  t o  ca r ry  t h e  bulk of ine t ruc-  
t i o n  i n  one o r  more sub jec t  ma t t e r s  f o r  per iods  of a t  l e a e t  
one academic year .  

Jamison, Suppes, and Wells (1973, pp. 34-36) a l s o  provide us 

wi th  a review of t h r e e  surveys of comparative e f f e c t i v e n e s s  e t u d i e s  

of ITV. They repor t  a s  fol lows:  

Chu and Schramm surveyed 421 comparisons of ITV wi th  
TI [Trad i t iona l  I n s t r u c t i o n ]  t h a t  a r e  repor ted  i n  207 
sepa ra t e  s t u d i e s . . . .  Their  survey i n d i c a t e s  t h a t  s tuden t s  
a t  a l l  grade l e v e l s  l e a r n  w e l l  from ITV, though t h i e  seems 
somewhat l e s s  t r u e  f o r  o l d e r  s tuden t s  than f o r  younger 
ones.. .  [and] ... t h a t  t he  e f f e c t i v e n e s s  of ITV c u t s  a c r o s s  
v i r t u a l l y  every sub jec t  matter .  

Dubin and Hedley (1969) provided a more d e t a i l e d  
survey of t h e  e f f e c t i v e n e s s  of ITV a t  t he  co l l ege  l e v e l .  
They repor ted  on 191 comparisons of which 102 favored ITV 
and 89 favored T I ,  although most of t h e  d i f f e r e n c e s  were 
i n s i g n i f i c a n t  a t  s tandard  l e v e l s  of s t a t i s t i c a l  e ign i f i cance .  

An unusual ly s t r i n g e n t  c r i t e r i o n  f o r  i n t e r p r e t a b i l i t y  
of r e s u l t s  was u t i l i z e d  by S t i c k e l l  (1963) i n  comparing 
ITV t o  T I ,  and i t  is  worth commenting on h i s  survey here. 
Af t e r  examining 250 comparisons of ITV t o  TI S t i c k e l l  found 
10  s t u d i e s  t h a t  f u l l y  met h i s  requirements f o r  adequate 
c o n t r o l s  and s t a t i s t i c a l  method ( i n t e r p r e t a b i l i t y )  and 23 
t h a t  p a r t i a l l y  met h i s  requirements.  Schramm (1973) provides 
c l e a r  t abu la r  sunnnaries of t hese  s t u d i e s .  None of t h e  f u l l y  
i n t e r p r e t a b l e  s t u d i e s  and 3 of the p a r t i a l l y  i n t e r p r e t a b l e  
ones showed s t a t i s t i c ~ l l y  s i g n i f i c a n t  d i f f e rences ;  each of 
the  t h r e e  s t a t i s t i c a l l y  s i g n i f i c a n t  cases  favored t h e  ITV 
group. It should perhaps be noted t h a t  when highly s t r i n g e n t  
c o n t r o l s  a r e  imposed on a  s tudy,  t he  na tu re  of t h e  c o n t r o l s  
tende t o  fo rce  t h e  methods of p re sen ta t ion  i n t o  such s i m i l a r  
formats t h a t  one can only expect t h e  'no s i g n i f i c a n t  
d i f f e r e n c e s '  t h a t  a r e  i n  f a c t  found. When ITV is used i n  
a  way t h a t  takes  advantage of t h e  p o t e n t i a l  t h e  - d i m  
cf fers - -as ,  perhaps, with Sesame Street--we would expect 
more cases  of s i g n i f i c a n t  d i f f e r e n c e s  between t h e  experi-  
mental group and t h e  ' a l t e r n a t i v e  t reatment '  ( f o r  i t  would 
not  be a  ' con t ro l '  i n  S t i c k e l l ' s  sense) group. [The l imi-  
t a t i o n s  of t he  ve rba l  c r i t e r i a 1  measures inva r i ab ly  used 
t o  t e s t  t h e  e f f e c t i v e n e s s  of ITV is  discussed by Mielke 
(1968) . ]  
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Careful  evcpluz?! o a ~ s  ,)f thtx e f f ec t iveness  of operat  i o : ~ a l  Ins t ruc-  

t i o n a l  technology project c are rnucft r a r  P r  than the experimental and 

quasi-experimentai rumyar-k sons reportzd above. Srl~ramm (1973) provides 

a review and d lacuss ion  oi the r e s u l t s  t h a ~  kqve been obtained and 

genera l ly  supports  the  ( -1usions reached by Jamison, Suppes, and 

Wells--that is, t h a t  r a ~ <  m d  t e l e v i s i o n  can be used a s  q u i t e  

e f f e c t i v e  veh ic l e s  t o  teach cogni t ive  knowledge. I t  should be 

remembered, however, t h a t  the t ransmission of cogni t ive  knowledge 

i s  by no neans t he  only purpose of an educat ional  system, and l i t t l e  

research  has been done t o  evalua te  the  o the r  e f f e c t s  t h a t  an ins t ruc -  

t i o n a l  technology system may have. The i n t e r e s t e d  reader  should 

r e f e r  t o  Carnoy (1975), Carnoy and Levin (1975), and Klees (1975, 

Chapter VTI) f o r  a number of caveats  r e l a t i n g  t o  broader e f fec t iveness  

and benef i t  c r i t e r i a  by which one might want t o  examine the u t i l i t y  of 

an i n s t r u c t i o n a l  technology system. 

Nonetieless ,  the demonstrated a b i l i t y  of i n s t r u c t i o n a l  radio and 

t e l e v i s i o n  ( a s  we l l  a s  o t h e r  technologies--see Jamison, S U ~ ~ - P S ,  and Wells 

(1975) and Schramm (1973) f o r  a review) t o  e f f e c t i v e l y  transmit cogni t ive  

s k i l l s  l eads  educat ional  decision-makers t o  focus on o t h e r  c r i t e r i a ,  

e spec ia l ly  system cos t  cons idera t ions ,  i n  order  t o  evalua te  t . ~ e  

r easonab i l i ty  and f e a s i b i l i t y  of i n i t i a t i n g  an i n s t r u c t i o n a l  technology 

system. H i s t o r i c a l  experience over the  l a s t  two decades has shown 

rap id ly  r i s i n g  educat ional  system c o s t s  f o r  both developing and 

developed r.ations. One reason f o r  the  observed increas ing  expenditures 

on education has been l a r g e  enrollment expansion, e s p e c i a l l y  in 

developing countr ies .  However, a l s o  of grea t  importance, is t h a t ,  

over time, it  i o  becoming more expensive t o  educate each c h i l d  i n  

t h e  system. 

The inc reas ing  c o s t s  of educating a s tudent  do not  appear t o  be 

rle r e s u l t  of inc reases  i n  the  q u a l i t y  of educat ion of fered .  On t he  

cont rary ,  1'. i s  probable t h a t  the  q u a l i t y  of educat ional  output  is 

a t  best  remazning cons tant ,  o r  perhaps even decl in ing  ( see  Woodhall 

and Blaug, 1960). The most p l a u s i b l e  explanat ion of the  increas ing  

c o s t s  per s tudent  was formalized by Baumoi (1967) and s t a t e d  simply 
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i,v ('oornbs (1968 ,  p .  7 )  : "b'ducation's tcl-hntllogy, hv and large, has 

~nat lc .  s u r p r i s i n g l y  1 i t t l e  progress  beyond thc  handi t-rnf t  s t age . "  

E s s e n t i a l l y ,  t he  poin t  i s  t h a t  although the  educa t iona l  process  had 

made l i t t l e ,  i f  any, ga ins  i n  p r o d u c t i v i t y ,  most o t h e r  s e c t o r s  of 

t he  economy have. Re la t ive ly  progress ive  i n d u s t r i e s ,  using the  more 

advanred technologies ,  p a r t i a l l y  determine the  s a l a r y  l e v e l s  t h a t  t h e  

l e s s  progress ive  i n d u s t r i e s  w i l l  have t o  a t t r a c t  competent 

people.  Therefore,  i n  gene ra l ,  educa t iona l  systems have had t o  pay 

more over  t i m e  f o r  t he  same q u a l i t y  t eache r .  It has  been t h e  hope t h a t  

i n n o v ~ t i o n s  i n  i n s t r u c t i o n a l  technology can a i d  the  educat ion s e c t o r  

i n  i nc reas ing  i t s  p roduc t iv i ty  along wi th  t h e  more progress ive  s e c t o r s  

of t h e  economy. Re la t ive ly  l i t t l e  of t h e  p o t e n t i a l  of such technologies  

has  ye t  been r e a l i z e d .  However, i t  is l i k e l y  t h a t  t he  nea r  f u t u r e  w i l l  

b r ing  increased  t r a d i t i o n a l  educa t iona l  system c o s t s  (through r i s i n g  

r e a l  t eacher  c o s t s )  r e l a t i v e  t o  i n s t r u c t i o n a l  technology system c o s t s  

( through reduct ion  i n  o r  maintenance of t he  r e a l  c o s t s  of va r ious  

technologica l  a l t e r n a t i v e s ) ,  and thus the  p re s su res  t o  in t roduce  these  

l a t t e ~ ,  more c a p i t a l - i n t e n s i v e ,  techniques w i l l  be increased .  

An i n i t i a l  and important s t e p  i n  determining whether o r  no t  t o  

in t roduce  an i n s t r u c t i o n a l  technology system is  t h e r e f o r e  t he  determina- 

t i o n  O F  i t s  c o s t .  I n  P a r t  One of t h i s  book we developed a  methodology 

with which t o  approach the cos t  a n a l y s i s  of  educa t iona l  systems. I n  

P a r t  Two, w e  now apply t h i s  methodology t o  t h e  examination of t h e  cos t  

s t r u c t u r e  c f  i n s t r u c t i o n a l  r ad io  and t e l e v i s i o n  p r o j e c t s ,  with p a r t i c u l a r  

a t t e n t i o n  t o  those  loca ted  i n  developing c o u n t r i e s .  Chapter 111 w i l l  

look a t  t he  c o s t s  of  a  number of ongoing p r o j e c t s ,  most of which we 

d i s c u s s  i n  much more d e t a i l  i n  t h e  case  s t u d i e s  included i n  P a r t  Three, 

while  Chapter I V  w i l l  analyze the  c o s t s  of i n s t r u c t i o n a l  technology 

systems from the  perspec t ive  of planning new rad io  o r  t e l e v i s i o n  based 

educa t iona l  p r o j e c t s .  
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CHAPTER I11 

COST EXPERIENCE WITH INSTRUCTIONAL RADIO AND TELEVISION SYSTEMS 

In t h i s  chapter  we apply t h e  methodology developed i n  the  preceding 

chapter  t o  a n a l y s i s  of t he  c o s t  exper ience  of n ine  s p e c i f i c  p r o j e c t s .  

Four of t he se  a r e  i n s t r u c t i o n a l  r a d i o  pro jec t s - - in  Nicaragua, Mexico 

(two p r o j e c t s )  , and Thai land,  f i v e  of them a r e  i n s t r u c t i o n a l  t e l e v i s i o n  

projects-- in  E l  Salvador ,  the  United S t a t e s  (two p r o j e c t s )  , Korea and 

Mexico. A l l  but one of t he se  p r o j e c t s  u t i l i z e  t h e  medium wi th in  a 

school  s e t t i n g  f o r  elementary and secondary educat ion.  The except ion  is  

the  S ~ a n f o r d  I n s t r u c t i o n a l  Te l ev i s ion  which d e a l s  wi th  u n i v e r s i t y  l e v e l  
1 

educat ion.  A l l  of them have been underway long enough t o  provide ongoing 

cos t  information.  I n  a l l  c a s e s ,  t he  a n a l y s i s  is based on d a t a  s u b j e c t  

t o  s u b s t a n t i a l  e r r o r ,  and our  d i v i s i o n s  of c o s t s  i n t o  var ious  c a t e g o r i e s  

i s  sometimes based on incomplete information and hence may be somewhat 

a r b i t r a r y .  The reader  should view ou r  conclusions a s  approximations.  

To put t h e  c o s t s  i n t o  a  form t h a t  permits  t h e  p r o j e c t s  t o  be compared 

wi th  one another ,  we have done fou r  t h ings .  F i r s t ,  we converted a l l  c o s t s  

i n t o  1972 U.S. d o l l a r s  by convert ing from the  fo re ign  currency t o  U.S. 

~ .u r r ency  a t  the  exchange r a t e  p r e v a i l i n g  a t  t he  time the  information was 

'cost information on o the r  uses  f o r  the  media, i nc lud ing  s e v e r a l  
t eacher  t r a i n i n g  and a d u l t  educat ion p r o j e c t s ,  may be found i n  t h e  
Schramm e t  a l .  (1967) case  s t u d i e s .  Wagner (1972) ,  Laidlaw and Layard 
(1974),  and Lumsden (1975) provide c o s t  information on t h e  
Open Univers i ty  i n  t he  United Kingdom; Dordick (unpublished) provides  
cos t  information on t h e  Bavarian Te lekol leg  i n  Germany; Baldwin et  a l .  
(1972) and Wagner (1975) provide d e t a i l e d  cos t  in format ion  on a  program 
of Colorado S t a t e  Univers i ty  t o  d i s t r i b u t e  graduate  engineer ing  i n s t r u c -  
t i o n  by v ideotape ;  and Kr iva l  (1970) provides  cos t  information on use 
of r a d i o  and correspondence f o r  t e ache r  t r a i n i n g  i n  Kenya. Dodds (1972) 
reviews some of t he se  and a d d i t i o n a l  uses  of media f o r  nonformal educa t ion ,  
and prcv ides  c o s t  information i n  some cases .  The c o s t  d a t a  repor ted  i n  
t h e s e  Fapers on nonformal educat ion a r e  amenable t o  t h e  same methods of 
a n a l y s i s  used i n  t h i s  paper.  For a  d i scuss ion  of t h e  c o s t s ,  and c o s t  
p r o j e c t i o n s ,  of t he  school  t e l e v i s i o n  program i n  Niger see Lefranc 
(1967). We have not  included i t  because of  t h e  small number of s t u d e n t s  
involved.  



ga the r ed ,  then  used t h e  U.S. GNP d e f a l t o r  t o  conver t  t o  1972 d o l l a r s  

( s ee  Appendix A f o r  t h e  exchange r a t e s  and d e f l a t o r s  used) .  Due t o  

d i f f e r i n g  r e l a t i v e  p r i c e s  i n  d i f f e r e n t  c o u n t r i e s  and exchange r a t e  

r i g i d i t i e s ,  t h e r e  may be d i s t o r t i o n s  in t roduced  by t h i s  procedure  

( s ee  Vaizey e t  a l . ,  1972, Chapters  15  and 1 6 ) .  Second, we use  t h e  

same i n t e r e s t  r a t e s  ( s o c i a l  r a t e  of d i s coun t )  t o  e v a l u a t e  each p r o j e c t .  

TO al low examination of t h e  s e n s i t i v i t y  of the  conc lus ions  t o  t h e  r a t e s  

chosen, we use  t h r e e  va lue s  f o r  t h e  i n t e r e s t  ra te--0 ,  7 . 5%,  and 15% p e r  
2 

yea r .  Th i rd ,  we have a t t empted  t o  i nc lude  and exclude t h e  same i t ems  

i n  each c q s t  a n a l y s i s .  We inc lude  c e n t r a l  a d m i n i s t r a t i o n  c o s t s ,  program 

produc t ion  c o s t s ,  t r an smi s s ion  c o s t s ,  and r e c e p t i o n  c o s t s .  We exc lude  

t he  c o s t s  of  t e a c h e r  r e t r a i n i n g  and p r i n t e d  m a t e r i a l .  Four th ,  we have 

assumed common c a p i t a l  l i f e t i m e s  f o r  a l l  projects--20 y e a r s  f o r  b u i l d i n g s  

and s t a r t  up c o s t s ,  10  y e a r s  f o r  t r an smi s s ion  and s t u d i o  equipment, and 

5  y e a r s  f o r  r e c e i v e r s .  

For each p r o j e c t  examined we p r e sen t  a b r i e f  d e s c r i p t i o n ,  and then  

d e r i v e  an annua l ized  c o s t  f unc t i on  of t h e  l i n e a r  form p re sen t ed  i n  

equa t ion  1 . 2  i n  Chapter I ;  t h a t  i s ,  we assume t h e r e  t o  be a f i xed  c o s t ,  

F , a v a r i a b l e  c o s t  p e r  s t u d e n t ,  VN , and a  v a r i a b l e  c o s t  p e r  programming 

hour ,  Vh , SO t h a t  t o t a l  c o s t ,  TC(N, h) = F  + V N + Vh h  , where N 
N 

i s  the  number of s tudents  u s ing  t h e  system and h  i s  t h e  number of 

programmil-g hours provided i n  any p a r t i c u l a r  year .  Th i s  s i m p l i f i e d  

fo rmula t ion  t a k e s  - as g i v e n  t h e  o t h e r  c o s t  de te rmin ing  system v a r i a b l e s  

2 ~ e  Lave inc luded  an i n t e r e s t  r a t e  of ze ro  on ly  t o  show t h e  s i g n i f i -  
c an t  d i f f e r e n c e  i n  e s t ima t ed  c o s t s  due t o  n o t  d i s coun t i ng  t h e  f u t u r e ;  
u s ing  r = 0  is  - not  a  s e n s i b l e  a l t e r n a t i v e  t o  e v a l u a t i n g  p r o j e c t  c o s t s .  

3 ~ o  be more p r e c i s e ,  some c o s t s  may vary  w i th  t he  number of 
programming hours  produced i n  any y e a r ,  o t h e r  c o s t s  may vary  w i th  t h e  
number of hours  b r o a d c a s t ,  whi le  s t i l l  o t h e r s  may vary  w i t h  t h e  number 
of hours  o i  i n s t r u c t i o n a l  l e s s o n s  a  c l a s s  r e c e i v e s  ( s ee  t h e  d i s c u s s i o n  
i n  Chapter I V ) ;  t h e  c o s t  a n a l y s i s  of ongoing p r o j e c t s  p r e sen t ed  h e r e  
i s  not t h i s  d e t a i l e d  and t h u s  h  w i l l  u s u a l l y  r e f e r  t o  t h e  second 
d e f i n i t i o n ,  t h e  number of hours  b roadcas t .  Th is  y i e l d s  a  s l i g h t l y  
i n a c c u r a t e  c o s t  r e p r e s e n t a t i o n ,  bu t  i t  should be recognized t h a t  each  
d e f i n i t i o n  of  h is probably rodghly i n  p ropo r t i on  t o  t he  o t h e r  two, 
and t hus  t h e  e s t ima t ed  c o s t s  a r e  reasonably  a c c u r a t e .  



p a r t i c u l a r  t o  each system, such a s  t he  number of grade l e v e l s  s e rved ,  

t he  geographical  a r e a  covered, t h e  f r a c t i o n  of r e c e i v e r s  l oca t ed  i n  

e l e c t r i f i e d  a r e a s ,  t he  q u a l i t y  of program product ion ,  t he  average c l a s s  

s i z e .  To t h e  ex t en t  t h a t  we would want t o  know t h e  s e n s i t i v i t y  of  a 

p r o j e c t ' s  c o s t s  t o  changes i n  t h e  p re sen t  con f igu ra t i on  of t h e s e  types  

of v a r i a b l e s ,  more complex c o s t  func t ions  would have had t o  be e s t ima ted ,  

such a s  t hose  t h a t  w i l l  be descr ibed  i n  Chapter I V  f o r  p r o j e c t  planning 

uses .  

To ob ta in  t h e  va lues  f o r  F , VN , and Vh , we a l l o c a t e d  each 

cos t  i n t o  one of six ca t ego r i e s :  f i x e d ,  c a p i t a l ;  f i x e d ,  r e c u r r e n t ;  

v a r i a b l e  by s t u d e n t ,  c a p i t a l ;  v a r i a b l e  by s t u d e n t ,  r e c u r r e n t ;  v a r i a b l e  

by hour,  c a p i t a l ;  and v a r i a b l e  by hour,  r e c u r r e n t .  C a p i t a l  c o s t s  were 

then annual ized us ing  equa t ion  1 . 3  of  Chapter I ,  and t h e  cos t  func t ion  

was cons t ruc ted  by l e t t i n g  F equa l  t h e  sum of a l l  f i xed  c o s t  components, 

VN equal  t h e  sum of a l l  v a r i a b l e  by s tuden t  c o s t  components, and 
Vh 

equa l  t he  sum of a l l  v a r i a b l e  by hour c o s t  components. 

I t  should be noted t h a t  i n  some of  t he  c o s t  ana lyses  t h a t  fo l low,  

t he  va lue  F is  q u i t e  low o r  even ze ro ,  a s  most i n s t r u c t i o n a l  t e l e v i s i o n  

and i n s t r u c t i o n a l  r ad io  system c o s t s  a r e  assumed t o  vary w i th  N and h  . 
More s p e c i f i c a l l y ,  most product ion and t ransmiss ion  c o s t s  a r e  assumed t o  

vary xvith h  while  most r ecep t ion  c o s t s  a r e  assumed t o  vary wi th  N . 
I t  i s  u s u a l l y  only c e n t r a l  admin i s t r a t i on  and s t a r t  up c o s t s  (when an 

estimate of t he se  is a v a i l a b l e )  t h a t  are assumed f i x e d ,  and sometimes 

even these  may vary  with N and h  . This  assumption is  somewhat 

s i m p l i s t i c ,  but n e v e r t h e l e s s ,  probably r e f l e c t s  t h e  long run p i c t u r e  

reasonably a c c u r a t e l y ;  i n  t h e  s h o r t  run ,  f o r  marginal expansion d e c i s i o n s ,  

t h e r e  may be s u f f i c i e n t  excess  capac i ty  t o  i n c r e a s e  N o r  h  wi thout  

i nc reas ing  a l l  r e l a t e d  component c o s t s .  However, a s  t h e  system expands, 

t h e  excess  capac i ty  f a l l s  t o  ze ro ,  and a l l  r e l evan t  system components 

need t o  be increased  t o  a l l ow  f u r t h e r  expansion (of N o r  h  , f o r  

example). Thus t h e  l i n e a r  func t ion  t h a t  w i l l  be es t imated  i s  probably 

an approximation t o  what more r e a l i s t i c a l l y  can be expected t o  be  a  

s t e p  func t ion ,  which inc reases  i n  d i s c r e t e  increments  a s  N and h  

expand t o  f i l l  t h e  excess  system capac i ty  a t  succes s ive  p o i n t s  i n  t i m e .  



I n  a d d i t i o n  t o  t h e  c o s t  f u n c t i o n  e s t i m a t i o ~ i ,  th ree  o t h e r  p i e c e s  of 

c o s t  in fo rmat ion  w i l l  be p r e s e n t e d  when p o s s i b l e .  F i r s t ,  t h e  average  

c o s t  p e r  s t u d e n t  (ACN) f o r  a  p a r t i c u l a r  y e a r  of t h e  p r o j e c t  w i l l  be  

d e r i v e d  from t h e  c o s t  f u n c t i o n .  Second, t h i s  f i g u r e  w i l l  be compared 

t o  t h e  v a r i a b l e  c o s t  p e r  s t u d e n t ,  VN , t o  form a  r a t i o ,  A C N / v N  . 
T h i s  r a t i o  i s  p r e s e n t e d  t o  g i v e  t h e  r e a d e r  a  rough i d e a  of t h e  e x t e n t  

t o  which the  sys tem d i s c u s s e d  h a s  ach ieved  the  economies of s c a l e  

a v a i l a b l e  i n  most i n s t r u c t i o n a l  t e l e v i s i o n  and i n s t r u c t i o n a l  r a d i o  

sys tems i n  t h e i r  o p e r a t i o n s  f o r  t h e  p a r t i c u l a r  year  i n  q u e s t i o n .  

ACN/VN approaches  u n i t y  a s  t h e  sys tem expands t h e  number of  s t u d e n t s  

i n c l u d e d ,  o t h e r  t h i n g s  be ing  e q u a l .  When A C ~ / V ~  i s  l a r g e ,  i t  i n d i c a t e s  

t h a t  i f  t h e  sys tem were t o  i n c r e a s e  t h e  number of s t u d e n t s  e n r o l l e d ,  

average  c o s t s  p e r  s t u d e n t  cou ld  be decreased  s u b s t a n t i a l l y  by enro l lment  

expansion.  S ince  t h e r e  i s  no t h e o r e t i c a l  upper  bound on t h e  r a t i o  

ACN/VN , i r  i s  souewhat d i f f i c u l t  t o  e v a l u a t e  what i t  means f o r  a  g iven  

r a t i o  t o  be ' l a r g e ' ,  b u t  an i d e a  can be gained from examining t h i s  

f i g u r e  f o r  d i f f e r e n t  p r o j e c t s .  T h i r d ,  we a l s o  p r e s e n t  average  c o s t  p e r  

s t u d e n t  hour of  each p r o j e c t ,  which i s  probably  one of  t h e  b e t t e r  

m a s u r e s  t o r  comparison between sys tems ,  s i n c e  i t  t a k e s  account  o f  

both  N and h .  
4  

F i n a l l y ,  when s u f f i c i e n t  i n f o r m a t i o n  i s  a v a i l a b l e ,  namely, t h e  

time structure of  e x p e n d i t u r e s  and s t u d e n t  usage ,  we p r e s e n t  s e l e c t e d  

e s t i m a t e s  uf t h e  average  c o s t s  p e r  s t u d e n t  from y e a r  i t o  y e a r  j 

(ACij) , a concept  t h a t  was developed i n  S e c t i o n  4  of  Chapter  I. As 

d i s c u s s e d  i n  Chapter  I ,  we b e l i e v e  t h e  AC 's a r e  a  much b e t t e r  summary 
i j  

measure of p r o j e c t  c o s t s  than t h a t  d e r i v e d  from t h e  c o s t  f u n c t i o n  

es t imat ion; .  

4 ~ h e  average  c o s t  p e r  s t u d e n t  hour  can be  c a l c u l a t e d  from t h e  
average  c o s t  p e r  s t u d e n t  ACN , by d i v i d i n g  ACN by t h e  number of  hours  

of  programming a  s t u d e n t  can be expec ted  t o  view a n n u a l l y ;  t h i s  l a t t e r  
f i g u r e  i s  - n o t  t h e  va lue  f o r  h  , s i n c e  h  i s  t h e  number of  hours  broad- 
c a s t  t o  a l l  t h e  g r a d e s  i n  t h e  sys tem,  but  i s  t h e  number o f  hours  
b r o a d c a s t  a n n u a l l y  eer g r a d e ,  tha t  i s ;  h d i v i d e d  by t h e  number of  g r a d e  

l e v e l s  t h e  sys tem s e r v e s .  



I n  t h i s  c h a p t e r ,  Sec t i on  1 w i l l  examine each of t h e  f o u r  i n s t r u c -  

t i o n a l  r a d i o  p r o j e c t s  and Sec t i on  2 w i l l  examine each of f i v e  i n s t r u c -  

t i o n a l  t e l e v i s i o n  p r o j e c t s ,  Sec t i on  3 w i l l  summarize and conclude.  

A l a r g e  amount of a d d i t i o n a l  in format ion  on a l l  bu t  two of t h e  p r o j e c t s  

( t h e  Tarahumara r a d i o  p r o j e c t  i n  Mexico, and t h e  one i n  Thai land a r e  

examined on ly  i n  t h i s  chap t e r )  can be found i n  t h e  c a s e  s t u d i e s  

p r e sen t ed  i n  P a r t  Three of t h i s  r e p o r t .  

1. INSTRUCTIONAL RADIO PROJECTS 

The Nicaraguan Radio Mathematics P r o j e c t  

I n  e a r l y  1975 a group of  A I D  sponsored r e s e a r c h e r s  and mathemat ics  

cur r icu lum s p e c i a l i s t s  began working w i th  Nicaraguan c o u n t e r p a r t s  i n  

Masaya, Nicaragua,  on r a d i o  programs t o  t each  e lementary school  mathe- 

mat ics .  The Radio Mathematics P r o j e c t  (RMP) is now nea r  t he  end of 

i ts f i r s t  yea r  and is r each ing  approximately  600 f i r s t  grade s t u d e n t s  

on an exper imenta l  b a s i s .  During 1976 programming w i l l  be extended 

through t h e  second grade,  and a c a r e f u l l y  c o n t r o l l e d  e v a l u a t i o n  of  a 

l a rge - s ca l e  implementation of t h e  f i r s t  grade cur r icu lum w i l l  be  under- 

taken.  P r e sen t  p l ans  c a l l  f o r  cont inued expansion of cur r icu lum 

coverage t o  h ighe r  grade l e v e l s  and f o r  implementation of t h e  r a d i o  

cur r icu lum throughout Nicaragua.  

A paper by S e a r l e ,  F r i end ,  and Suppes (1975) d e s c r i b e s  t h e  p r e s e n t  

s t a t u s  of t h e  p r o j e c t  i n  d e t a i l ,  and,  of  p a r t i c u l a r  importance t o  

o t h e r  ~ r o j e c t  deve lope r s ,  i t  emphasizes t h e  psycholog ica l  p r i n c i p l e s  

u n d e r l i i n g  t h e  p r o j e c t ' s  use  of extremely f r equen t  s t uden t  response  a s  

a pedagogical  t echn ique .  Two o t h e r  s a l i e n t  f e a t u r e s  of t h e  RMP t h a t  

S e a r l e ,  F r i end ,  and Suppes d e s c r i b e  a r e  i ts  heavy use  of fo rmat ive  

e v a l u a t i o n  i n  cur r icu lum p r e p a r a t i o n  and i t s  concern from t h e  o u t s e t  

w i th  problems of c o s t  and o p e r a t i o n a l  implementation of t h e  p r o j e c t  

r e s u l t s .  

I n  t h i s  s e c t i o n  overviewing t h e  Radio Mathematics P r o j e c t s ,  t h e  

au tho r€  draw h e a v i l y  on t h e  i n t r o d u c t o r y  m a t e r i a l  from t h e  ca se  s t udy  



i n  t h i s  r e p o r t  ( s e e  Chapter V) f o r  a  d e s c r i p t i o n  of t h e  p r o j e c t  and i t s  

r e s e a r c h  o b j e c t i v e s .  R e s u l t s  from a c o s t  a n a l y s i s  of t h e  p r o j e c t ,  which 

Jamison r e c e n t l y  completed,  a r e  then  summarized. 

The F r o j e c t .  The Radio Mathematics P r o j e c t  assumes r e s p o n s i b i l i t y  

f o r  a l l  of t h e  mathematics i n s t r u c t i o n  c h i l d r e n  r e c e i v e .  A d a i l y  l e s s o n  

c o n s i s t s  a f  a 30-minute r a d i o  p r e s e n t a t i o n ,  followed by approx imate ly  

30 minutes  o f  t e a c h e r  d i r e c t e d  a c t i v i t i e s ,  f o r  which i n s t r u c t i o n s  a r e  

con ta ined  i n  a  t e a c h e r ' s  guide  developed i n  t h e  p r o j e c t .  No t e x t -  

books a r e  used and p r i n t e d  m a t e r i a l  is l i m i t e d  t o  a  one page worksheet 

f o r  each c h i l d  each day.  For reasons  o f  c o s t ,  t h e  RMP may reduce o r  

e l i m i n a t e  t h e  u s e  of p r i n t e d  worksheets  from t h i s  o r i g i n a l  l e v e l .  A l l  

i n s t r u c t i o n ,  i n c l u d i n g  t h e  r a d i o  l e s s o n ,  i s  given i n  Spanish.  

Before  t h e  b r o a d c a s t  p o r t i o n  of t h e  l e s s o n  t h e  t e a c h e r  g i v e s  each 

c h i l d  a  worksheet on which t h e  c h i l d  w r i t e s  h i s  name and s t u d e n t  number, 

a  t a s k  t h a t  most f i r s t  g r a d e r s  can l e a r n  t o  do a d e q u a t e l y .  Then t h e  

b roadcas t  l e s s o n  i s  tu rned  on. During each l e s s o n  two main c h a r a c t e r s  

j o i n  w i t h  one o r  two s u b o r d i n a t e  c h a r a c t e r s  t o  s i n g ,  p l a y ,  and t a l k  

mathematitas, u s u a l l y  i n v i t i n g  t h e  c h i l d r e n  t o  j o i n  i n .  The c h i l d r e n  

a r e  asked t o  respond o r a l l y ,  p h y s i c a l l y ,  and i n  w r i t i n g ,  and they do s o  

40 t o  50 t imes  d u r i n g  each 30 minute  l e s s o n .  I n i t i a l l y  t h e  RMP used 

s t o r i e s  t o  engage t h e  c h i l d r e n ,  and embedded mathemat ical  work i n  a 

s t o r y  con tex t  t o  main ta in  i n t e r e s t .  E a r l y  tests of l e s s o n s  w i t h  s t o r i e s ,  

us ing  k i n d e r g a r t e n  and f i r s t  g rade  c h i l d r e n  i n  C a l i f o r n i a  and f i r s t -  

grade c h i l d r e n  i n  Nicaragua,  convinced t h e  cur r i cu lum d e v e l o p e r s  

' I . .  . t h a t  t h e  mathemat ical  a c t i v i t i e s  a r e  i n t r i n s i c a l l y  i n t e r e s t i n g  t o  

t h e  c h i l d r s n  and do n o t  need s t o r y  s u p p o r t ,  as long  a s  t h e  c h i l d r e n  a r e  

asked t o  respond f r e q u e n t l y "  ( S e a r l e ,  F r i e n d ,  and Suppes, 1975, p. 1 3 ) .  

Sometimes c h i l d r e n  handle  c o n c r e t e  m a t e r i a l s  d u r i n g  t h e  broadcast - -  

f o r  example, coun t ing  o r  grouping smal l  o b j e c t s .  Dialogue between 

r a d i o  c h a r s c t e r s  i n t r o d u c e s  new mathemat ical  m a t e r i a l  and c h i l d r e n  a r e  

asked t o  respond o r a l l y .  I n  l a t e r  l e s s o n s ,  t h e  same e x e r c i s e s  a r e  

r e p e a t e d  and t h e  c h i l d r e n  respond i n a i v i d u a l l y  on t h e i r  workshee t s .  



A f  rcxr tilt, rClclio t r .~l~.;miasion, the r rc~c.her co r~ t inues  the lesson ,  

I 11 l l o w  i l l ) :  t lli l ' c * ~ . i  l o ~ l s  I: t vcn i n  the  tc.:~c.l~rt.':; K ~ I  l dc .  Ueual l y  children 

cant h u e  workirlg on the  worksheet du r ine  t h i s  po r t ion  of the  leseon ,  

During the  experimental phase of t h e  p r o j e c t ,  worksheets a r e  c o l l e c t e d  

and re turned  t o  t he  p r o j e c t  o f f i c e  f o r  ana lys i s .  

Research ob jec t ives .  The research  aims of t h e  p r o j e c t  can b e  -- 
broadly cha rac t e r i zed  a s  f a l l i n g  i n  t h r e e  realms: ( i )  r a d i o  and 

educa t iona l  achievement, ( i i )  t he  economics of rad io  as a  technology 

of i n s t r u c t i o n ,  and ( i i i )  t h e  g e n e r a l i z a b i l i t y  of t he  r e s u l t s  t o  o t h e r  

s e t t i n g s .  Among the  educa t iona l  ques t ions  of concern a re :  Can 

mathematics be taught e f f e c t i v e l y  using rad io  as the  primary source of 

i n s t r u c t  ion? How a r e  achievement ga ins  r e l a t e d  t o  s tudent  c h a r a c t e r i s t i c s ?  

How d3es achievement of s tudents '  l e a rn ing  by r ad io  compare wi th  l e a r n i n g  

i n  t he  c o ~ v e n t i o n a l  classroom? How does th2 i n s t r u c t i o n a l  program a f f e c t  

s tudent  and teacher  a t t i t u d e s  towards mathematics, towards school ,  towards 

learn!ng by r ad io?  Do a t tendance and dropout p a t t e r n s  change when r ad io  

i n s t r u c t i o n  i s  introduced i n  the  classroom? Does the  f a i l u r e  r a t e  

a t t r i b u t a b l e  t o  mathematics change? Does performance i n  o t h e r  school  

s u b j e c t s  change? The bulk  of t h e  p r o j e c t ' s  s u b s t a n t i a l  r e sea rch  budget 

i s  devoted t o  seeking a t  l e a s t  p a r t i a l  answers t o  these  ques t ions .  

:he economic a s p e c t s  of t h e  i n s t r u c t i o n a l  system a r e  t h e  second 

major research  concern. What a r e  t he  development c o s t s  of t h e  program? 

What a r e  the ope ra t iona l  c o s t s ?  Can the cos t  of implementing the  

systerL i n  a  d i f f e r e n t  s e t t i n g  be est imated? What a r e  t he  economic 

consecuences of using rad io  i n  t h e  classroom? Is t h e  r a t e  of flow of 

s tuden t s  through the  school system, and hence the  per  pupi l  c o s t  of  

educa t ion ,  a f f e c t e d ?  What i s  the cos t  of each of t he  components o f  

t h e  system and how is t h a t  cos t  r e l a t e d  t o  i ts  e f f ec t iveness?  How much 

teacher  t r a i n i n g  is necessary t o  maintain an e f f e c t i v e  l e v e l  of i n s t r u c -  

t i o n ?  How much supplementary ma te r i a l  must be prepared f o r  s tuden t s?  

How much superv is ion  w i l l  t e ache r s  need i n  order  t o  use t h e  r ad io  

i n  t he  classroom? 

The t h i r d  research  a r e a ,  t h a t  of  g e n e r a l i z a b i l i t y ,  i s  lees well 

def ined than t h e  preceding two bu t  i s ,  perhaps, more c r i t i c a l  t o  t h e  



ul t imatc  success of the RMP. Even i f  i t  turns  ou t  t h a t  the RMP is a 

major pedagogical success,  and t h a t  i t s  c o s t s  a re  low, i f  i t  i s  

d i f f i c u l t  t o  disseminate i t s  r e s u l t s  t he  p r o j e c t  w i l l  have been of 

l imi t ed  value. P ro jec t  developers  a r e  thus  experimenting with a l t e r -  

n a t i v e  approaches t o  d i f f u s i n g  t h e  p ro jec t  wi th in  Nicaragua, and 

the  Agency f o r  I n t e r n a t i o n a l  Development is  considering experimenting 

wi th  its implementation elsewhere. 

Cost funct ion f o r  t he  Radio Mathematics P r o j e c t .  A s  with t h e  o the r  --- 
i n s t r u c t i o n a l  technology p r o j e c t s  t o  be d iscussed ,  the cos t  funct ion  f o r  

t he  RMP w i l l  be cons t ruc ted  t o  give annual ized t o t a l  c o s t ,  TC , a s  a 

l i n e a r  funct ion of two independent variables-- the number of hours of 

l e s sons  presented per yea r ,  h , and the  number of s tuden t s  en ro l l ed  i n  

a course,  N . Each en ro l l ed  s tudent  would t ake  75 hours (150 lessons)  

i n  a s i n g i e  y e a r ' s  course. The cos t  funct ion  we a r e  assuming has ,  

then, the following form: 

where F , VN , and Vh a r e  cos t  parameters ,  d a t a  concerning which a r e  

presented i n  d e t a i l  i n  Chapter V. 

The f i r s t  parameter,  F , c o n s i s t s  of a l l  cos t  components inva r i an t  

with respec t  t o  hours of programming o r  s tudent  usage, t h a t  is,  i t  

c o n s i s t s  of c e n t r a l  p r o j e c t  c o s t s :  

F = annual ized s t a r t i n g  c o s t s  + p r o j e c t  admin i s t r a t ion  c o s t s  

+ ( research  c o s t s ) .  

Research c o s t s  a r e  i n  parentheses  because i t  is dubious t h a t  t hese  

genera l  research  c o s t s  should be included i n  t h e  Nicaragua cos t  funct ion .  

A s  most of the  research  covered by these  c o s t s  has r e s u l t s  d i r e c t e d  

ou t s ide  Nicaragua, they w i l l  be excluded from our t o t a l  cos t  equat ion.  

On t h e  o t h e r  hand, we - do inc lude  t h e  cos t  of formative eva lua t ion  

research  a s  being d i r e c t l y  r e l a t e d  t o  program production. The value 

of F when c a p i t a l  c o s t s  a r e  annualized a t  7.5% is  $73,400 per  year .  



The nex t  parameter ,  
vl, 

, depends on t r an smi s s ion  c o s t s  and program 

product ion c o s t s ;  i t  equa l s  t h e  annua l ized  c o s t  of a  l e s son  p l u s  t h e  

cos t  of t r a n s m i t t i n g  i t  once.  The annua l ized  c o s t  of a  l e s s o n  i s  $128 

a t  a 7.52 d i s coun t  r a t e ;  t h e  c o s t  of t r an smi s s ion  is $ 1 3 . ~  Thus we 

have a  c o s t  of $141 pe r  l e s son  per  y e a r ,  o r ,  s i n c e  each l e s s o n  lasts 

30 minutes ,  Vh = $282 p e r  hour of programming p e r  year .  

The f i n a l  c o s t  pa ramete r ,  VN , depends on ly  on t h e  c o s t  p e r  

e n r o l l e d  s t u d e n t  p e r  y e a r ;  a s  e s t ima t ed ,  VN = $3.06/year.  

Our f i n a l  c o s t  equa t i on  is ,  then  given by ( i n  d o l l a r s  p e r  yea r )  

Even w i th  between 10,000 and 50,000 u s e r s ,  i t  can be  computed from 

t h e  above c o s t  f u n c t i o n  t h a t  t h e  average  c o s t s  p e r  s t u d e n t  remain 

s u b s t a n t i a l l y  above t h e  marg ina l  c o s t  of $3.06 pe r  s t u d e n t  p e r  year .  

And, becuase of both high marg ina l  c o s t s  pe r  s t u d e n t  and high programming 

c o s t s ,  t h e  c o s t s  of t h e  RMP a r e  s u b s t a n t i a l l y  h ighe r  than f o r  most 

o t h e r  r a d i o  p r o j e c t s .  

Three b a s i c  p o i n t s  emerge from t h e  a n a l y s i s  j u s t  p r e sen t ed  o f  t h e  

c o s t s  of  t h e  RMP i n  Nicaragua:  

1. The i n t e n s i v e  e f f o r t s  pu t  i n t o  program p r e p a r a t i o n  sugges t  

t h a t ,  u n l e s s  c a r e f u l  e f f o r t  is  under taken t o  make t h e s e  programs a v a i l a b l e  

t o  many u s e r s ,  t h e  c o s t  p e r  s t u d e n t  of program produc t ion  w i l l  be  extremely 

h igh .  The c o s t s  can be  spread  among u s e r s  by i n s u r i n g  a  l ong  l i f e  (10 + 
yea r s )  f o r  t h e  programs, by implen t ing  t h e  RMP through a l l  o r  most of 

Nicaragua,  and by a t t emp t ing  t o  use  t h e  same programs w i th  o n l y  s l i g h t  

r e v i s i o n  f o r  Spanish-speaking s t u d e n t s  i n  L a t i n  America and t h e  U.S. 

2 .  The p r e s e n t l y  planned l e v e l s  of  c lassroom s u p e r v i s i o n ,  t e a c h e r  

t r a i n i n g ,  and s t u d e n t  workbook usage r e s u l t  i n  p e r  s t u d e n t  r e c e p t i o n  

5 ~ h i s  assumes t h a t  each l e s s o n  is broadcas t  on ly  once pe r  yea r .  
The r e l a t i v e l y  sma l l  c o s t  of  t r an smi s s ion  sugges t s ,  i f  t h e r e  were e i t h e r  
pedagogical  advan tages  f o r  r epea t  b roadcas t i ng  o r  advantages  i n  s h i f t i n g ,  
t h e  r e s u l t i n g  i n c r e a s e s  i n  t r an smi s s ion  cost would be r e l a t i v e l y  s l i g h t .  



c o s t s  ~f $3.06 p e r  y e a r ,  o r ,  assuming 150  30-minute l e s s o n s  i n  a y e a r ,  

c o s t s  of 4 . 2 ~  p e r  s t u d e n t  hour.  These c o s t s  a r e  h igh ,  s u g g e s t i n g  t h e  

v a l u e  of c o n t i n u e d ,  c a r e f u l  e x p e r i m e n t a t i o n  w i t h  lower l e v e l s  of 

s u p e r v i s i o n ,  l e s s  f r e q u e n t  and l e s s  i n t e n s i v e  t e a c h e r  t r a i n i n g ,  and 

more l i m i t e d  workbook use .  

3. It  a p p e a r s  p o s s i b l e  t o  r educe  s u b s t a n t i a l l y  t h e  r e c e p t i o n  s i t e  

c o s t s  and t o  sp read  programming c o s t s  o v e r  a  l a r g e  aud ience .  Even i f  

t h i s  were t o  be done,  t h e  p r o j e c t  is a p t  t o  remain e x p e n s i v e  by t h e  

s t a n d a r d s  of i n s t r u c t i o n a l  r a d i o  p r o j e c t s .  For  t h i s  r e a s o n ,  p r i n c i p a l  

emphasis i n  e v a l u a t i o n  of t h e  Radio Mathematics P r o j e c t  must b e  p l a c e d  

on i t s  c a p a c i t y  t o  improve t h e  e f f e c t i v e n e s s  of i n s t r u c t i o n ,  a s  

i n d i c a t e d  by i t s  e f f e c t s  on mathemat ics  achievement test s c o r e s  and 

s t u d e n t  r e p e t i t i o n  r a t e s .  I t  i s  t o o  e a r l y  i n  t h e  p r o j e c t  t o  a s s e s s  

i t s  performance by t h e s e  d imensions .  

The Mexican Rad iopr imar ia  

Flexico's  Rad iopr imar ia  i s  a n  e x p e r i m e n t a l  program, i n s t i t u t e d  i n  

t h e  S t a t e  of San L u i s  P o t o s i  i n  1970,  and aimed a t  u t i l i z i n g  i n s t r u c -  

t i o n a l  r a d i o  t o  h e l p  p r o v i d e  f o u r t h ,  f i f t h ,  and s i x t h  g r a d e  e d u c a t i o n  

t o  t h o s e  r u r a l  and semi - ru ra l  communities t h a t  had incomple te  pr imary 

s c h o o l s .  I n  t h e o r y ,  f o u r t h ,  f i f t h  and s i x t h  g r a d e  s t u d e n t s  were t o  b e  

combined i n  one c lass room w i t h  one  t e a c h e r ,  w i t h  r a d i o  l e s s o n s  used t o  

a i d  and supplement t h e  t e a c h e r ' s  i n s t r u c t i o n .  I n  p r a c t i c e ,  some s c h o o l s  

p a r t i c i p a t i n g  i n  t h e  Rad iopr imar ia  sys tem combine o n l y  two of t h e  t h r e e  

g r a d e s ,  w h i l e  o t h e r s  have a  t e a c h e r  f o r  each  g r a d e  b u t  s t i l l  u t i l i z e  

t h e  i n s t r u c t i o n a l  r a d i o  l e s s o n s .  

Spa in  (1973) d e s c r i b e s  and e v a l u a t e s  t h e  sys tem i n  d e t a i l ;  c o s t  

i n f o r m a t i o n  was g a t h e r e d  by one of t h e  a u t h o r s  and i s  d i s c u s s e d  f u l l y  

i n  Chapter  V I .  I n  1972 t h e  sys tem b r o a d c a s t  a b o u t  280 h o u r s ,  w i t h  

approx imate ly  80% of t h e  l e s s o n s  aimed a t  t h e  combined th ree -g rade  

aud ience ,  w h i l e  t h e  remaining 20% c o n s i s t e d  of l e s s o n s  aimed a t  a  

s p e c i f i c  g rade .  Thus each  s t u d e n t  r e c e i v e d  a b o u t  242 h o u r s  of 

i n s t r u c t i o n a l  r a d i o  l e s s o n s  d u r i n g  t h e  y e a r .  There  were 2 ,800 

s t u d e n t s  e n r o l l e d  i n  t h e  sys tem i n  1972. The c o s t  f u n c t i o n  is a s  

f o l l o w s  : 
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I t  should  be no ted  t h a t  a v e r a g e  c o s t s ,  and c o n s e q u e n t l y  t o t a l  

c o s t s ,  a r e  q u i t e  s e n s t i v e  t o  t h e  i n t e r e s t  r a t e  chosen.  Not d i s c o u n t i n g  

t h e  f u t u r e  can u n d e r s t a t e  c o s t s  by a l m o s t  10%. The r e l a t i v e l y  h i g h  

a v e r a g e  c o s t  p e r  s t u d e n t  and p e r  s t u d e n t  hour r e f l e c t s  t h e  e x p e r i m e n t a l  

n a t u r e  and consequent  low u t i l i z a t i o n  of t h e  system; t h e  h i g h  r a t i o  of  

ave rage  c o s t  p e r  s t u d e n t  t o  v a r i a b l e  c o s t  p e r  s t u d e n t  i n d i c a t e s  t h a t  

c o s t s  could  be d e c r e a s e d  s u b s t a n t i a l l y  by expanding s t u d e n t  e n r o l l m e n t s .  

Radiopr imar ia  i s  a  q u i t e  i n t e r e s t i n g  and un ique  p r o j e c t  t h a t  o f f e r s  

t h e  p o t e n t i a l  f o r  a  v a s t  s a v i n g  of r e s o u r c e s  f o r  p r imary  e d u c a t i o n ,  s i n c e  

t h e  a d d i t i o n a l  c o s t s  of t h e  i n s t r u c t i o n a l  r a d i o  components of  t h e  

sys tem a r e  f a r  more t h a n  o f f s e t  by t h e  reduced t e a c h e r  and f a c i l i t y  

c o s t s  r e s u l t i n g  from combining t h r e e  g r a d e s  i n  one  c lassroom.  Whether 

such a  system i s  a s  p e d a g o g i c a l l y  e f f e c t i v e  a s  a  t r a d i t i o n a l  d i r e c t  

t e a c h i n g  sys tem needs  f u r t h e r  r e s e a r c h ,  a s  i s  d i s c u s s e d  i n  Chapter  V I .  

The Tarahumara Radio Schools  

The S i e r r a  Tarahumara i s  a  mountainous,  1 5 , 0 0 0  s q u a r e  m i l e  r e g i o n  

i n  t h e  s t a t e  of Chihuahua i n  Northwest  Flexico. I n  1960 t h e  t o t a l  

p o p u l a t i o n  of t h i s  a r e a  was 125,000,  of which 50,000 were Tarahumara 

I n d i a n s .  The Tarahumara remain r e l a t i v e l y  i s o l a t e d  from Mexican s o c i e t y ,  

forming a  d i s t i n c t  ind igenous  s u b c u l t u r e ,  w i t h  i t s  own language  and 

customs. The C a t h o l i c  Church h a s  had a  J e s u i t  m i s s i o n  i n  t h e  r e g i o n  

s i n c e  1900 and t h e  J e s u i t s  have run  board ing  s c h o o l s  f o r  t h e  Tarahumara 

s i n c e  t h e  e a r l y  1900 ' s .  The Radio Schoo l s  were begun i n  1955, w i t h  

t h e  i n t e n t  of  e x t e n d i n g  t h e  e d u c a t i o n a l  work of  t h e  J e s u i t s  t o  a  

l a r g e r  p r o p o r t i o n  of t h e  n a t i v e  p o p u l a t i o n .  Although i n i t i a l l y  much 

of  t h e  e d u c a t i o n  had a  r e l i g i o u s  f o c u s ,  s i n c e  a b o u t  1960 t h e  J e s u i t s  



hclvr ~ . o o p t x r ~ t e d  w i t h  the  Mexican  secret:^^. 1 ~ 1 t  o f  l'ub l i c  Educa t ion ,  whiclr 

has  few p u b l i c  s c h o o l s  i n  t h e  r e g i o n ,  t o  p r o v i d e  a  s e c u l a r  e d u c a t i o n  

through t h e  r a d i o  s c h o o l s ,  f o l l o w i n g  t h e  o f f i c i a l  government c u r r i c u l u m  

and u s i n g  t h e  o f f i c i a l  t e x t b o o k s ,  f o r  t h e  f i r s t  f o u r  g r a d e s  of  p r imary  

s c h o o l .  The a im h a s  been t o  p r o v i d e  a n  e d u c a t i o n  s u f f i c i e n t  t o  a l l o w  

g r a d u a t e s  of t h e  r a d i o  s c h o o l s  t o  c o n t i n u e  t h e i r  s t u d i e s  i n  t h e  p u b l i c  

s c h o o l s  i f  t h e y  s o  d e s i r e .  The i n f o r m a t i o n  p r e s e n t e d  h e r e  i s  based o n  

a n  e v a l u a t i o n  of t h e  sys tem conducted  i n  1971  by S y l v i a  Schmelkes d e  

S o t e l o  of t h e  Cen te r  f o r  E d u c a t i o n a l  S t u d i e s  i n  Elexico C i t y  ( r e p o r t e d  

i n  Schmelkes d e  S o t e l o  (1972, 1 9 7 3 ) ) .  The i n t e r e s t e d  r e a d e r  is  r e f e r r e d  

t o  e i t h e r  r e p o r t  f o r  many more d e t a i l s .  

I n s t r u c t i o n a l  r a d i o  l e s s o n s  a r e  b r o a d c a s t  from t h e  J e s u i t  m i s s i o n  

h e a d q u a r t e r s  i n  S i s o g u i c h i .  A l l  l e s s o n s  a r e  p r e p a r e d  by two t e a c h e r s  

from a n e a r b y  pr imary t e a c h e r  t r a i n i n g  s c h o o l .  I n  1971  t h e r e  were  46 

r a d i o  s c h o o l s ,  s e r v i n g  1 , 0 8 1  s t u d e n t s  s p r e a d  o u t  o v e r  t h e  r e g i o n .  Each 

schoo l  had one  o r  two ' a u x i l i a r y '  t e a c h e r s ,  i n d i v i d u a l s  who had no more 

t h a n  a  p r imary  e d u c a t i o n  themse lves ,  t o  o r g a n i z e  and s u p e r v i s e  t h e  

c l a s s e s  and t o  g u i d e  and c o r r e c t  t h e  s t u d e n t s '  work. The t e a c h e r s '  

e d u c a t i o n  i s  supplemented by summer t r a i n i n g  a t  t h e  J e s u i t  miss ion .  I n  

abou t  75% o f  t h e  s c h o o l s  s t u d e n t s  f rom a l l  g r a d e s  a r e  combined i n t o  a  

s i n g l e  c l a s s room,  w h i l e  t h e  r emain ing  s c h o o l s  d i v i d e  t h e  s t u d e n t s  i n t o  

two c l a s s r o o m s ,  t h e  a v e r a g e  c l a s s  s i z e  b e i n g  a b o u t  1 9  s t u d e n t s .  The 

15-minute i n s t r u c t i o n a l  r a d i o  l e s s o n s  a r e  g r a d e - s p e c i f i c ,  and b r o a d c a s t  

c o n t i n u o u s l y  t h r o u g h o u t  t h e  s c h o o l  day.  During t h e  45  m i n u t e s  of  each  

hour when t h e y  a r e  n o t  r e c e i v i n g  b r o a d c a s t s  d i r e c t e d  t o  t h e i r  g r a d e  

l e v e l ,  s t u d e n t s  engage i n  i n d i v i d u a l  e x e r c i s e s .  

A rough a p p r o x i m a t i o n  of t h e  c o s t s  o f  t h e  sys tem is g i v e n  i n  t h e  

Schmelkes d e  S o t e l o  (1973) s t u d y  and was u t i l i z e d  t o  d e r i v e  t h e  c o s t  

f u n c t i o n  and a v e r a g e  c o s t  i n f o r m a t i o n  f o r  t h e  i n s t r u c t i o n a l  r a d i o  

components of t h e  r a d i o  s c h o o l  sys tem a s  f o l l o w s :  
6  

6 ~ o  c o n v e r t  t h e  c o s t  i n f o r m a t i o n  g i v e n  i n  t h e  Schmelkes d e  S o t e l o  
s t u d y  t o  t h i s  f o r m a t  i t  i s  assumed t h a t  h e r  estimates f o r  the  c o s t s  o f  
t h e  l a n d ,  b u i l d i n g ,  and t r a n s m i t t e r  were based o n  s t r a i g h t  l i n e  
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The a v e r a g e  c o s t  i n f o r m a t i o n  above  is based  on  t h e  1 9 7 1  e n r o l l m e n t  of  

1 , 0 8 1  s t u d e n t s  and  t h e  b r o a d c a s t  of 1 6 0  h o u r s  of i n s t r u c t i o n a l  r a d i o  

l e s s o n s  a n n u a l l y  t o  e a c h  g r a d e .  We s e e  t h a t  t h e  a v e r a g e  c o s t  p e r  

s t u d e n t  i s  r e l a t i v e 1 1  h i g h  compared t o  o t h e r  p r o j e c t s ,  p r i m a r i l y  b e c a u s e  

t h e  v e r y  low e n r o l l m e n t s .  I f  t h e  sys t em c o u l d  be  expanded t o  s e r v e  

more s t u d e n t s ,  a v e r a g e  c o s t s  cou ld  f a l l  s u b s t a n t i a l l y .  F u r t h e r ,  we 

n o t e  t h a t  n o t  d i s c o u n t i n g  t h e  f u t u r e  may c a u s e  o n e  t o  u n d e r s t a t e  c o s t s  

by more t h a n  25% ( t h a t  i s  $35.94 v e r s u s  $49 .34 ) .  It s h o u l d  a l s o  b e  p o i n t e d  

o u t  t h a t ,  a l t h o u g h  no a t t e m p t  h a s  been  made t o  compare t h e  t o t a l  c o s t s  

of t h e  r a d i o  s c h o o l s  w i t h  t h a t  of t r a d i t i o n a l  p r i m a r y  s c h o o l  i n s t r u c t i o n  

i n  Mexico,  t h e  r a d i o  s c h o o l s  would p r o b a b l y  be s i g n i f i c a n t l y  less 

e s p e n s i v e ,  d e s p i t e  t h e i r  r e l a t i v e l y  h i g h  c o s t s  of  r a d i o  i n s t r u c t i o n ,  

s i n c e  t h e  s a l a r i e s  p a i d  t o  a u x i l i a r y  t e a c h e r s  a r e  a b o u t  h a l f  t h o s e  of 

q u a l i f i e d  p r imary  s c h o o l  t e a c h e r s .  

? lo s t  o f  Schmelkes d e  S o t e l o ' s  s t u d v  is  d e v o t e d  t o  a n  e v a l u a t i o n  

u t  t h e  r a d i o  s c h o o l  ou tcomes .  I n  terms c > t  i m p a r t i n g  c o g n i t i v e  knowledge,  

t h e  sample  of  f o u r t h  g r a d e  r a d i o  s c h o o l  s t u d e n t s  s c o r e d  s l i g h t l y  b e t t e r  

t h a n    heir t r a d i t i o n a l  s t u d e n t  c o u n t e r p a r t s  i n  a r i t h m e t i c ,  geomet ry ,  

and S p a n i s h .  However, t h i s  i s  p e r h a p s  t h e  b e s t  t h a t  c a n  be  s a i d  of  t h e  

r a d i o  s c h o o l s  and t h e  r e s u l t s  may n o t  even  be  d u e  t o  t h e  u t i l i z a t i o n  of 

d e p r e c i a t i o n  o v e r  a  10 -yea r  l i f e  and t h a t  t h e  c o s t  o f  f u r n i t u r e ,  t r u c k ,  
and p l a n e  were  d e p r e c i a t e d  s i m i l a r l y  o v e r  a 5-year  l i f e .  F u r t h e r ,  w e  
assume t h a t  t h e  above c o s t s  and  a d m i n i s t r a t i v e  s a l a r i e s  a r e  f i x e d  c o s t s ;  
t h a t  t h e  c o s t  of r a d i o  t e a c h e r s ,  equipment  m a i n t e n a n c e ,  t r a v e l ,  u t i l i t i e s ,  
and m l s c e l l a n e o u s  items a r e  v a r i a b l e  w i t h  t h e  number of  h o u r s  b r o a d c a s t ;  
and that t h e  c o s t  of  a  r a d i o  i s  $20,  w i t h  10% of  t h i s  p u r c h a s e  p r i c e  
added a n n u a l l y  t o  c o v e r  ma in tenance  and power c o s t s .  C o s t s  o f  t r a i n i n g  
t h e  a u x i l i a r y  t e a c h e r s  d u r i n g  t h e  summer a r e  n o t  i n c l u d e d .  



the radio lessons. Out of the 24 radio schools visited during the study, 

only seven schools had a radio in operation. Further, dropout rates 

and nonattendance were very significant problems. Of those students 

who continue to the fourth grade, few, if any, are Tarahumara (non- 

Tarahumara Mexicans make up the majority of enrolled students, despite 

the initial mission to educate the Tarahumara). Schmelkes de Sotelo 

(1973) was not able to find any relevance between the school curriculum, 

which was transferred intact from the traditional, urban oriented, 

primary school one, and local employment opportunities. She finds that, 

at best, the schools encourage the student to leave the community, 

"and thus the community loses its better human resources" (p. 33) and 

in general contributes to "an education that serves the white population 

of the Sierra and keeps the Tarahumara in a marginal position" (p. 8). 

We have seen these criticisms elsewhere in the literature (for 

example, see Spain (1973) or Mayo, McAnany, and Klees (1975))--it is not 

that instructional technology is incapable of meeting rural development 

needs, it is that much more concern must be given to examining those 

needs prior to the introduction of an educational system. The Radio 

Schools of the Tarahumara are currently engaged in a complete reevalua- 

tion of their efforts (the radio lessons have been temporarily dis- 

continued since the 1973-74 school year, pending this reevaluation), 

perhaps in large part due to the evaluation and recommendations made 

by Schmelkes de Sotelo, and attention is being focused specifically 

on how to reorient the schools more directly towards the needs of the 

Tarahumara community. 

Thailand's Instructional Radio Project 

Substantially less experience based information exists on the cost 

of instructional radio than for instructional television. Perhaps the 

best available information is from the Thai radio education project 

that began in May, 1958. This project broadcasts relatively small 

amounts of instruction in music, social studies, and English to about 

800,000 elementary and beginning secondary level students; in addition, 



a 30-minute c h i l d r e n ' s  lunch hour program prov ides  educa t i on  and e n t e r -  

t a i n r e n t  du r ing  t h e  noon break.  Schramm [I9671 d e s c r i b e s  t h e  Tha i  

p r o j e c t  and prov ides  t h e  b a s i c  c o s t  d a t a  t h a t  w e  use f o r  our  a n a l y s i s .  

We d l v i d e  t h e  c o s t  in format ion  t h a t  Schramm p rov ide s  i n t o  f i x e d  

and v a r i a b l e  and c a p i t a l  and r e c u r r e n t  i n  ways t h a t  seem n a t u r a l ,  t h e n  

app ly  our  a n n u a l i e a t i o n  methods t o  o b t a i n  t o t a l  c o s t   function^.^ Theae 

fo l low:  

Cost pe r  
T o t a l  Cost Equat ion 

A C ~  
ACN/VN S tuden t  Hour - 

r = 0  TC (N) = 89,340 + .182N ,294 1 .61  .012 

r = 7.5% TC(N) = 100,400 + .221N .347 1.57 .014 

r = 15% TC (N) = 114,700 + .263N .406 1.55 .016 

The per  s t uden t  hour c o s t s  ob t a ined  a r e  ve ry  c l o s e  t o  t h o s e  of 

S c h r a m ,  bu t  t h i s  r e s u l t s  from two counte rba lanc ing  f a c t o r s .  Our 

es t imated  average  c o s t  3 5 ~  ( a t  r = 3 . 5 % )  i s  ove r  double  Schramm's 

e s t i m a t e  of 1 5 ~ .  Th i s  i s  due i n  p a r t  t o  a  h ighe r  i n t e r e s t  cha rge  t han  

he u se s ,  but  most ly  t o  our u s ing  a  5  i n s t e a d  of 10-year l i f e t i m e  f o r  

t h e  expensive (132, 1972 d o l l a r s  each)  r a d i o  r e c e i v e r s .  We assumed 

t h a t  w i th  a  5-year l i f e t i m e ,  replacement  would t a k e  t h e  p l a c e  of 

maintenance.  T h i s  assumption of a  5-year l i f e t i m e  is  perhaps  ove r  

conse rva t i ve  s i n c e  p a r t  of t h e  reason  f o r  h ighe r  r e c e i v e r  c o s t  was 

t h a t  rugged, long  l i f e  r e c e i v e r s  were purchased. 

Counterbalancing our  h ighe r  e s t i m a t e  of pe r  s t u d e n t  annua l  c o s t s  

is our somewhat h igher  e s t i m a t e  of s t u d e n t  wage. To o b t a i n  a  p e r  s t u d e n t  

hour c o s t  of 1~ (1.32 1972 c), Schramm assumes t h a t  h  h a s  t h e  v e r y  low 

va lue  of 1 5  hours  per  s t uden t  p e r  yea r ;  w e  use  25. Music i s  b roadcas t  

7 ~ h e  c o s t  f u n c t i o n  f o r  t h i s  p r o j e c t  was e s t ima t ed  a s  a  f u n c t i o n  
of t h e  number of s t u d e n t s  on ly ;  v a r i a b l e  c o s t s  p e r  hour  were n o t  
c a l c u l a t e d  and t h e r e f o r e  some c o s t s  t h a t  a r e  v a r i a b l e  w i t h  t h e  number 
of hours  b roadcas t  a r e  inc luded  i n  t h e  f i x e d  c o s t  e s t ima t e .  



for 1/6 hour per week per grade level offered, English 1/3, and social 

studies 1/2; the lunch hour program is broadcast 2 1/2 hours per week. 

The school year lasts 30 weeks, so that if a student took the median 

lengthened English course and listened to the noon hour program once 

a week he would listen for 25 hours per year; this is the basis of 

our computation of costs per student hour. What is important is not 

the actual number, but the observation that costs per student hour 

respond sensitively indeed to the level of per student utilization. 

It is valuable to note that radio can reach student hour costs 

of 1 . 5 ~  even with highly costly receivers and a low utilization rate. 

2. INSTRUCTIONAL TELEVISION PROJECTS 

The El Salvador Instructional Television System 

The el Salvador instructional television system began broadcasting 

in 1969 to secondary school students. Recently there have been plans 

to extend the eystem to cover elementary school, and broadcasts to the 

fourth grade started on a pilot basis in 1973. Our analysis will only 

consider the costs of the system without elementary school coverage. 

Because a substantial amount of the funding for the project came from 

foreign grants and loans, we will examine costs both from the point 

of view of total project costs, including the grant and loan money, 

and from the viewpoint of costs to the Government of El Salvador 

(GOES) only. The GOES costs are, of course, substantially less than 

total project costs. 

Consequently we examine two alternatives: (a) total costs for 

the secondary school ITV system, and (b) GOES costs for the secondary 

school ITV system. Cost timetables for each of these alternatives 

are given in Chapter VII, along with more information on the system. 

The cost data is based on Speagle (1972) except where footnotes to 

these tables indicate otherwise. To proceed from the cost timetables 

to annualized cost figures additional assumptions had to be made and 

these are explained for each alternative below. 



1 .  I n  e s t i m a t i n g  t h e  t o t a l  s y s t e m  c o s t s  a l t e r n a t i v e  f o r  s e c o n d a r y  

s s h ~ i o l  c o v e r a g e ,  s t a r t  up c o s t s  were  t r e a t e d  a s  a n  i n i t i a l  c a p i t a l  

i n v e s t m e n t  i n  t h e  s y s t e m  and  were  a n n u a l i z e d  o v e r  t h e  assumed 25-year  

l i f e c i m e  o f  t h e  sys t em.  The 1972 s t u d e n t  e n r o l l m e n t  estimate o f  48,000 

was used  a l o n g  w i t h  t h e  a s s u m p t i o n  o f  a n  a v e r a g e  o f  170 h o u r s  o f  

programming p e r  g r a d e  p e r  y e a r .  

The t o t a l  c o s t  e q u a t i o n  f o r  t h e  s e c o n d a r y  s y s t e m  i s  as  f o l l o w s :  
8 

C o s t  P e r  
T o t a l  C o s t  E q u a t i o n  

A C ~  
A C N / V N  S t u d e n t  Hour 

P 

b. I n  l o o k i n g  a t  t h e  c o s t s  t o  E l  S a l v a d o r  of s e c o n d a r y  s c h o o l  

cove-age i t  i s  n e c e s s a r y  t o  r e d u c e  t h e  t o t a l  e x p e n d i t u r e s  g i v e n  a b o v e  

by a n  a n n u a l i z e d  e q u i v a l e n t  o f  t h e  g r a n t s  a n d  1 0 a n s . ~  To f i n d  t h i s  

e q u i v a l e n t  t h e  p r e s e n t  v a l u e  of t h e  30-year  l o a n  repayment  s e r i e s  was 

c a l c u l a t e d  and t h i s  was s u b t r a c t e d  f rom t h e  t o t a l  amount o f  t h e  f o r e i g n  

g r a n t s  and l o a n s  ( t h e  t o t 3 1  amount was assumed t o  o c c u r  i n  t h e  y e a r  

1 9 7 0 ) .  The r e s u l t i n g  f i g u r e  was a n n u a l i z e d  o v e r  t h e  25 y e a r s  assumed 

l i f e t i m e  of  t h e  p r o j e c t  . ~ i ~ d  r u b t r a c t e d  t r o m  t h e  f i x e d  c o s t s .  The 

unusu : i l  b e h a v i o r  CJ t t h e  t l xed  c n s t s - - t h e y  d e c r e a s e  a s  t h e  d i s c o u n t  

8 
The c o s t  f u n c t i o n  f o r  t h i s  p r o j e c t  was e s t i m a t e d  a s  a f u n c t i o n  

of  t h e  number of  s t u d e n t s  o n l y .  V a r i a b l e  c o s t s  p e r  hou r  were  n o t  
c a l c u l a t e d  and  t h e r e f o r e  some r o s t s  t h a t  a r e  v a r i a b l e  w i t h  t h e  number 
of h o u r s  b r o a d c a s t  a r e  i n c l u d e d  i n  t h e  f i x e d  c o s t  e s t i m a t e .  

' ~ e c a u s e  of  t h e  g r a n t s  and s o f t  l o a n s ,  t o t a l  c o s t s  exceed  GOES c o s t s .  
T a b l e  V I I . l  i n  C h a p t e r  V I I  shows t h e  e x t e n t  of  t h i s  i n  t h e  rows  l a b e l e d  
' t o t a l  c o s t s ' ,  ' f o r e i g n  a i d  ar?d d e b t  r e p a y m e n t t ,  and  ' t o t a l  c o s t  t o  
GOES' .  I n  t h e  f i r s t  y e a r s  of t h e  p r o j e c t ,  ' t o t a l  c o s t  t o  GOES' i s  o b t a i n e d  
by s r b t r a c t i n g  f o r e i g n  a i d  ( i n  p a r e n t h e s e s )  f r o m  ' t o t a l  c o s t ' .  I n  la ter  
y e a r s  ' t o t a l  c o s t  t o  GOES' i s  o b t a i n e d  by a d d i n g  d e b t  repayment  t o  
' t o t a l  c o s t '  
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rate increases-is explained bv observing that the loans and grants are 

worth more in annualized equivalents as r increases. The GOES cost 

equation for the secondary school ITV system is a s  f~>llows: 

Cost Per 
Total Cost Equation A C ~  ACN/VN Student Hour 

The Stanford Instructional Television System 

The Stanford Instructional Television system provides higher education 

courses to students at their places of employment. The major purpose of 

the system was to extend education to individuals with full time positions 

for whom comuting to campus would be difficult. Two organizations use 

the system. The first administers the broadcasting of regularly scheduled 

Stanford engineering courses. The second organization, the Association 

for Continuing Education, administers a wide variety of courses including 

the entire Master of Business Administration curriculum of Golden Gate 

University and courses of special interest to participating companies. 

The system was first instituted in 1968, with four classrooms and 

one auditorium equipped with broadcast capabilities and approximately 

30 companies within a 25-mile radius of Stanford equipped with reception 

capabilities and talkback facilities to permit active student participation 

from off-campus locations. The system operates on four separate channels 

in the ITFS band. Special equipment is required to convert this signal 

to the lower frequencies normally transmitted to standard televieion 

monitors. 

The total initial investment in the system was $1,187,300 for all 

production, transmission, and reception equipment and the production 

facility. By 1974 a total of 4,942 off-campus students was participat- 

ing in all programs of the Stanford ITV system and 6,290 hours of 

programinq were broadcast (approximately 50% of the total time available, 

at hours convenient to the students at their companies). 



Zost f u n c t i o n s  were c a l c u l a t e d  u s i n g  a n n u a l i z e d  v a l u e s  of c a p i t a l  

equipment investment  from 1968 through 1974, r e c u r r e n t  expenses  f o r  

1974, and u t i l i z a t i o n  f o r  1974. The c o s t s  a r e  i n  1972 U.S. d o l l a r s  

and j n t e r e s t  r a t e s  of O X ,  7.5%, and 15% were used t o  c a l c u l a t e  

a n n u a l i z e d  v a l u e s  (more d e t a i l s  may b e  found i n  t h e  c a s e  s t u d y  r e p o r t e d  

i n  Chapter  V I I I ) .  

Cost  p e r  
T o t a l  Cost  Equa t ion  

A C ~  
ACN/VN S t u d e n t  Hour - 

The above c a l c u l a t i o n s  i n c l u d e  t e a c h e r  c o s t s  and a l l  s t u d e n t s .  The 

S t a n f o r d  e n g i n e e r i n g  c o u r s e s  i n c l u d e  a u d i t o r s  who do n o t  r e c e i v e  c r e d i t .  

A s  r e g u l a r  c l a s s e s  a r e  b e i n g  b r o a d c a s t ,  t e a c h e r  c o s t s  may be excluded,  

a s  d i s c u s s e d  i n  Chapter  VIII. For t h e  two d i f f e r e n t  d a t a  assumpt ions  

and f o r  t h e  S t a n f o r d  e n g i n e e r i n g  c o u r s e s  s e p a r a t e l y  and t h e  e n t i r e  

system, t h e  f o l l o w i n g  r e s u l t s  were o b t a i n e d  f o r  t h e  average  c o s t  of 

t h e  p r o j e c t  over  an  assumed 20-year l i f e t i m e ,  AC1,20 : 

S t a n f o r d  A 1  1 - 
Courses  Courses  

A u d i t o r s  inc luded :  

Teacher  C o s t s  excluded $155 $ 73 

Teacher C o s t s  inc luded  $309 $165 

A u d i t o r s  excluded:  

Teacher  Cos t s  excluded $287 $ 8 8  

Teacher C o s t s  inc luded  $571 $201 

While t h e  S t a n f o r d  system may appear  expens ive ,  o n e  shou ld  remember 

t h a t  t h e s e  a r e  t h e  c o s t s  f o r  t h e  e n t i r e  e d u c a t i o n a l  sys tem s e r v i n g  t h e  

o f f  campus s t u d e n t s .  I f  one  assumes a s  a  rough rule-of-thumb t h a t  

t u i t i o n  covers  h a l f  t h e  c o s t  of on-campus e d u c a t i o n ,  t h e  a v e r a g e  c o s t  

per  s t u d e n t  f o r  a t h r e e  u n i t  c o u r s e  is $540. 



The Hagerstown I n s t r u c t i o n a l  T e l e v i s i o n  System 

The Hagerstown I n s t r u c t i o n a l  T e l e v i s i o n  p r o j e c t  i n  Washington County, 

Maryland, has been broadcas t ing  i n s t r u c t i o n  t o  s choo l s  s i n c e  1956 and is  

probably t h e  l o n g e s t  con t inuous ly  running ITV p r o j e c t  i n  t h e  world.  The 

system has bee11 s e r v i c i n g  a l l  s t u d e n t s  i n  Washington County s i n c e  1959. 

I n  1972, 22,000 s t u d e n t s  were e n r o l l e d  i n  a l l  twelve g rades  i n  t h e  

school  system and 1 ,440  hours  of programming were scheduled.  The 

average s t vden t  r e ce ived  approximately  117 hours  of i n s t r u c t i o n  v i a  

t e l e v i s i o n  (o r  9.3% of t o t a l  i n s t r u c t i o n a l  time assuming a  35-hour week 

and 36 weeks p e r  y e a r ) .  

The c e n t r a l  f a c i l i t y ,  w i th  f i v e  s t u d i o s ,  i s  connected w i t h  r e c e i v e r s  

i n  t h e  s choo l s  by a  s i x  channel  c o a x i a l  c a b l e  which i s  l e a s e d  from t h e  

l o c a l  t e lephone  company which o r i g i n a l l y  i n s t a l l e d  t h e  cab l e .  With 

t h e  6  channe ls  a v a i l a b l e ,  t h e r e  i s  a  p o t e n t i a l  f o r  schedul ing  7,580 

hours of programming dur ing  t h e  r e g u l a r  school  year .  

The o r i g i n a l  investment i n  1955 of $1,049,700 ( i n  1972 d o l l a r s )  

inc luded  t h e  c o s t  of equipping and c o n s t r u c t i n g  f i v e  s t u d i o s  and t h e  

purchase of 342 r e c e i v e r s .  The cab l e  c o s t s  f o r  t r an smi s s ion  a r e  no t  

included a s  t h e  phone company has  an  annua l  charge t o  t h e  s choo l  system 

f o r  use of t h e  c a b l e .  The annua l  charge is  based upon t h e  l e n g t h  of 

c a b l e  and i s  n o t  r e l a t e d  t o  u t i l i z a t i o n .  The charge f o r  t h e  c a b l e  usage 

remained roughly cons t an t  i n  c u r r e n t  d o l l a r s  and was $164,000 i n  1972. 

The major expense i n  r e c e n t  yea r s  has  been f o r  pe r sonne l  s a l a r i e s .  

I n  1972-73 t h e r e  were 31 TV t e a c h e r s ,  23 persons  employed on a  f u l l  time 

b a s i s  i n  eng ineer ing  and produc t ion ,  32 j u n i o r  c o l l e g e  and o t h e r  

p roduc t ion  personne l  employed on a  p a r t  t ime b a s i s  ( equ iva l en t  t o  5.1 

f u l l  t ime personne l ,  and 9 .3  f u l l  time equ iva l en t  pe rsonne l  from suppor t  

s e r v i c e s ,  such a s  cinematography, g r aph i c s ,  aud io  v i s u a l ,  and i n s t r u c -  

t i o n a l  m a t e r i a l s )  . 
Using u t i l i z a t i o n  and r e c u r r e n t  c o s t  d a t a  f o r  1972 and annua l ized  

va lue s  of c a p i t a l  expenses  from 1955-1972, t h e  fo l lowing  c o s t  f u n c t i o n s  

and average  c o s t s  were c a l c u l a t e d  ( s e e  Chapter I X  f o r  more d e t a i l s ) :  



Cost per 
Total Cost Equation A C ~  ACN/VN Student Hour - 

The long experience of Hagerstown in the use of ITV has demonstrated 

two important aspects of technology projects: the decline in relative 

prices of equipment and the value of maintenance to increased equipment 

life. The price of television sets to Hagerstown has been approximately 

$150 in current dollars throughout the life of the project. However, 

when an adjustment is made for inflation between 1955 and 1972, the 

price of the 342 sets purchased in 1955 becomes $286 in 1972 dollars. 

Television receivers are usually assumed to have a 5-year life. In 

Hagerstown only 200 sets have been removed from operation. If all of 

these sets were among those originally purchased in 1955, then at 

least 142 sets are still operating after 20 years. 

The Korean Elementary/Middle School Project 

In the period 1970-71 the Republic of Korea undertook a major 

systems analysis of its educational section. The purpose of the 

analysis was to ascertain the feasibility of improving the internal 

efficiency of the educational system and of making the system more 

responsive to Korea's economic and social needs. Two important 

conclusions of the analysis were that a single entity within Korea 

should take responsibility for educational reform activities, and 

that a.n important initial target for reform would be the elementary 

(grades 1-6) and middle (grades 7-9) schools. In August 1972, the 

Government of Korea responded to these recommendations by establishing 

the Korean Educational Development Institute (KEDI) under the direction 

of Dr. Yung Dug Lee. One of the first major tasks facing KEDI was 

development of a reform project at the elementary and middle school 

levels (KEDI, 1974). The elementarylmiddle (E/M) project is now in 



t h e  course  of development, and f i n a l  p l ans  f o r  implementation remain t o  

be decided on. The E/M p r o j e c t  w i l l ,  however, use i n s t r u c t i o n a l  

t e l e v i s i o n  and r a d i o  t o  p rov ide  i n s t r u c t i o n .  P r e sen t  p l ans  c a l l  f o r  

s t u d e n t s  i n  g rades  2  through 8  t o  r e c e i v e  about  s i x  20-minute t e l e v i s i o n  

l e s s o n s  pe r  week by t h e  time t he  o p e r a t i o n a l  phase  of t h e  p r o j e c t  beg ins  

i n  1978; more i n t e n s i v e  use  of ITV w i l l  be cons idered  i f  funds  become 

a v a i l a b l e .  P lans  c a l l  f o r  s t u d e n t s  i n  g rades  1 through 9  t o  r e c e i v e  

about t e n  20-minute r a d i o  l e s s o n s  per  week. In  a d d i t i o n  t o  use  of 

ITV and I R ,  t h e  E/M p r o j e c t  w i l l  i nvo lve  reform of cur r icu lum and 

textbooks and may invo lve  use  of d i f f e r e n t i a t e d  s t a f f i n g ,  use  of 

i n d i v i d u a l  i n s t r u c t i o n ,  and i nc r ea s ing  t h e  s t u d e n t  t o  t e a c h e r  r a t i o  

through double s h i f t i n g .  

A t  t h e  time of t h i s  w r i t i n g  (September, 1975) t h e  E/M p r o j e c t  is 

a t  a  c r i t i c a l  j unc tu r e .  The f i r s t  phase of i t s  a c t i v i t i e s - - i n i t i a l  

p lanning f o r  and t r y o u t s  of t h e  new i n s t r u c t i o n a l  approaches--is  

near ing  completion.  I t s  t ransmiss ion  f a c i l i t i e s  and new s t u d i o s  a r e  

scheduled t o  become o p e r a t i o n a l  w i t h i n  a  few months, the reby  a l lowing  

t h e  second major phase of t h e  p r o j e c t ,  comprehensive demons t ra t ions  i n  

4 5  schools ,  t o  begin.  Th is  demons t ra t ion  phase w i l l  con t inue  through 

Februarv,  1978. A t h i r d  phase,  t h a t  of nat jonwide implementation,  

w i l l  begin  i n  t h e  course  of t h e  demons t ra t ion ,  and i n  p a r a l l e l  w i th  i t .  

Implementation is  planned f o r  t h e  per iod  1976-1980. 

The KEDI E/M p r o j e c t  i s  ambi t ious  i n  t h e  comprehensiveness of t h e  

reform i t  p l a n s  t o  implement and i n  t h e  e x t e n t  t o  which, l i k e  Nicaragua 's  

Radio Mathematics P r o j e c t  ( s ee  Chapter V), i t  w i l l  a t t emp t  t o  u t i l i z e  

r e s ea r ch  r e s u l t s  from educa t i ona l  psychology i n  i t s  i n s t r u c t i o n a l  

des ign .  The p r o j e c t  i s ,  i n  a d d i t i o n ,  i nco rpo ra t i ng  t h e  most r e c e n t  

t e c h n i c a l  advance i n  t r an smi s s ion  systems, t h e  t e t h e r e d  a e r o s t a t ,  

f o r  s i g n a l  d i s t r i b u t i o n .  KEDI's use  of an  a e r o s t a t  w i l l  be t h e  

f i r s t  use  made of t h i s  technology f o r  t e l e v i s i o n  b roadcas t i ng .  For 

a l l  t h e se  r ea sons ,  then ,  t h e  E/M p r o j e c t  w i l l  be c l o s e l y  observed and 

i t s  c o s t s  w i l l  be important  t o  a s c e r t a i n .  The c o s t  in format ion  

presen ted  below is based i n  p a r t  on c o s t s  t h a t  have been i ncu r r ed ,  and 

i n  p a r t  on p r e sen t  KEDI p l ans .  The r e s u l t s  a r e  t hus  t e n t a t i v e .  



The bulk of E / M  p r o j e c t  c o s t s  a r e  f o r  t e l e v i s i o n ,  and we f e e l  our 

e s t ima te s  of t he  t e l e v i s i o n  c o s t s  a r e  l e s s  sub j ec t  t o  e r r o r  than those 

f o r  r ad io .  Thus c o s t s  f o r  on ly  the  i n s t r u c t i o n a l  t e l e v i s i o n  aspec t  

of t he  p r o j e c t  a r e  presen ted  he re .  Chapter X d i s cus se s  r ad io  and p r i n t  

c o s t s  a s  we l l .  The bas i c  cos t  equa t ions  a r e  shown below, wi th  average 

c o s t s  based on the  assumption of 70 hours  per  year  broadcast  t o  each 

of 8 grade l e v e l s  and 1,000,000 s t u d e n t s  using t h e  system. (Though t h i s  

u t i l i z a t i o n  f i g u r e  is  high,  KEDI  p l ans  c a l l  f o r  even tua l  coverage o f  

a l l  7,000,000 s tuden t s  of t h i s  age group.) 

Cost Per  
T o t a l  Cost Equation ". AcN/VN Student  Hour 

- 

The Mexican Telesecundar ia  

Mexico's Telesecundaria  i s  an experimental  program designed t o  extend 

secondary school  educa t iona l  o p p o r t u n i t i e s  t o  youth i n  r u r a l  r eg ions ,  

where few secondary schools  prev ious ly  e x i s t e d .  Te l ev i s ion  l e s s o n s  

c a r r y  t h e  primary i n s t r u c t i o n a l  burden of t h e  system i n  t h a t  programs 

a r e  produced and broadcast  i n  a l l  s u b j e c t  ma t t e r s  and each grade u sua l ly  

r ece ives  one 20-minute program every hour of t he  school  day. I n  t h e  

classrooms,  former primary school  t e a c h e r s  a r e  used a s  classroom 

coord ina to r s ,  i n s t e a d  of a  t e ache r  t r a i n e d  t o  i n s t r u c t  a t  t he  secondary 

school  l e v e l .  

Deta i led  e v a l u a t i o n s  of t he  system a r e  presen ted  in Klees (1975) 

and Mayo, McAnany, and Klees (1975),  whi le  an a n a l y s i s  of much of t h e  

r e l evan t  evidence on Telesecundaria  is repor ted  i n  Chapter X I .  In  

1972 t h e  system broadcas t  about 360 hours  of i n s t r u c t i o n a l  l e s s o n s  t o  

29,000 s t u d e n t s  i n  an e i g h t  s t a t e  reg ion  around Mexico Ci ty .  The 

summary cos t  func t ion  and average c o s t  information f o r  1972 i s  a s  

fol lows : 



Cast Per 
Tot 31 Cost Equation 
. - - -. --- -. A C ~  

n C N / V N  S tuden t  Hour -- 
-- -- 

I t  should be no ted  t h a t  no t  d i s coun t i ng  t h e  f u t u r e  may cause one t o  

u n d e r s t a t e  system c o s t s  by almost 12% ( t h a t  i s ,  $23.02 ve r sue  $25.74). The 

r e l a t i v e l y  low va lue  of  t h e  r a t i o  o f  average c o s t  pe r  s t uden t  t o  v a r i a b l e  

co s t  p e r  s t uden t  i n d i c a t e s  t h a t  some economies of s c a l e  have a l r eady  been 

ach ieved ,  a l though  c o s t s  p e r  s t uden t  could be s t i l l  lower i f  enro l lments  

expand. 

Given t h e  r e l a t i v e l y  low u t i l i z a t i o n  of Te l e secunda r i a ,  i t  i s  a  

s u r p r i s i n g l y  inexpensive system. Te lesecundar ia  i s  l e s s  c o s t l y  than  

many  of t he  o t h e r  i n s t r u c t i o n a l  t e l e v i s i o n  systems.  It i s  perhaps  

c l o s e s t  i n  form t o  t h a t  i n  E l  Sa lvador ,  whose average c o s t  pe r  s t u d e n t  

was s i m i l a r  f o r  1972,  even though t he  E l  Salvador  system was s e rv ing  

65% more s t u d e n t s  than Te lesecundar ia .  F u r t h e r ,  c o s t s  p e r  s t u d e n t  hour  

were cons ide r ab ly  lower f o r  Te l e secunda r i a ,  $.067 ve r su s  $ . I 43  ( a t  a  

7.5% i n t e r e s t  r a t e )  f o r  E l  Salvador .  The cos t  comparison between t h e  

two systems would favor  Te lesecundar ia  even more i f  i t  w a s  o p e r a t i n g  

i n  urban a r e a s  w i th  an average  c l a s s  s i z e  of 45, as does  t h e  E l  

Salvador  system, a s  opposed t o  r u r a l  a r e a s  wi th  an average  class s i z e  

of on ly  23 s t u d e n t s .  

One of t h e  primary reasons  f o r  t h e  low o v e r a l l  c o s t  of  Te lesecundar ia  

i s  i t s  low produc t ion  c o s t .  A s  d i s cus sed  i n  Chapter X I ,  even u t i l i z i n g  

a 15% d i s coun t  r a t e ,  p roduc t ion  c o s t s  pe r  hour of programming a r e  on ly  

$513. Schranuu (1973) r e p o r t s  t y p i c a l  p roduc t ion  c o s t  estimates f o r  

similar i n s t r u c t i o n a l  t e l e v i s i o n  p r o j e c t s  ( s e e  a l s o  Chapter  I V  below) 

i n  o t h e r  c o u n t r i e s  range from $1,200 t o  $2,000 pe r  hour ,  and i n d i c a t e s  

t h a t  Mexico's Te lesecundar ia  i s  one of t h e  l e a s t  expensive systems of  

i t s  kind i n  t h e  world.  



S u f f i l - i e n t  d a t a  were  a v a i l a b l e  for t l ~ c  ' I ' e l e s r c u n d a r l a  project t o  

a l l o w  t h e  c o n s t r u c t i o n  o f  a y e a r  by y e a r  c o s t  t a b l e  ( s e e  T a b l e  X 1 . 2 )  

and t h e  c o n s e q u e n t  c a l c u l a t i o n  o f  AC ' s  . F i g u r e  111.1 p r e s e n t s  t h e  
i .l 

a v e r a g e  c o s t s  from p r o j e c t  i n i t i a t i o n  i n  1966 ,  a s suming  d i f f e r e n t  p r o j e c t  

l i f e t i m e s  ( t h a t  i s ,  AC1966 , 
.l 

as j = 1967 t o  1986)  a t  s o c i a l  rates 

o f  d i s c o u n t  of  0 % ,  7 . 5 % ,  and 1 5 . 0 % .  T h i s  f i g u r e  s e r v e s  t o  i n d i c a t e  

s e v e r a l  p o i n t s .  F i r s t ,  c o s t s  d e c r e a s e  q u i t e  r a p i d l y  as we p r o j e c t  

T e l e s e c u n d a r i a  t o  c o n t i n u e  f o r  more t h a n  a  few y e a r s .  Fo r  example ,  i f  

T e l e s e c u n d a r i a  were  t o  b e  d i s c o n t i n u e d  n e x t  y e a r ,  t h e  a v e r a g e  c o s t  p e r  

s t u d e n t  o v e r  t h e  l i f e t i m e  of t h e  p r o j e c t  (AC 
1966 ,  1976  

) would be  $30 

( a t  a  7.5% i n t e r e s t  r a t e ) .  Assuming a  20 -yea r  l i f e t i m e ,  t h e  a v e r a g e  

c o s t s  
(AC1 966 ,  1986 

) would b e  c o n s i d e r a b l y  less, $23.  

Second ,  we o b s e r v e  t h a t  t h e  c h o i c e  of  a  d i s c o u n t  rate i s  q u i t e  

i m p o r t a n t .  A s  t h e  o p p o r t u n i t y  c o s t s  o f  r e s o u r c e s  become g r e a t e r ,  s o  do  

t h e  r e a l  c o s t s  of  t h e  p r o j e c t .  N e g l e c t i n g  t h e  d i s c o u n t  rate ( t h a t  is,  

c h o o s i n g  a  z e r o  d i s c o u n t  r a t e ) ,  :IS manv c o s t  s t u d i e s  u n f o r t u n a t e l y  do, 

s e r v e s  t o  u n d e r s t a t e  p r o j e c t  c o s t  s u b s t a n t i a l l y ,  even  more s o  t h a n  t h e  

a v e r a g e  c o s t  f i g u r e  d e r i v e d  i n  t h e  t a b l e a u  above  f o r  1972 ,  s i n c e  

u t i l i z a t i o n  was n o t  d i s c o u n t e d  i n  t h i s  l a t t e r  f i g u r e .  Fo r  example ,  i f  

we l o o k  a t  t h e  a v e r a g e  c o s t s  p e r  s t u d e n t  from 1966 t o  1 9 8 6  

(assuming a  20 -yea r  l i f e t i m e  f o r  T e l e s e c u n d a r i a ) ,  n o t  t a k i n g  t h e  v a l u e  

o f  r e s o u r c e s  o v e r  t i m e  i n t o  a c c o u n t  ( t h a t  i s ,  u s i n g  a z e r o  d i s c o u n t  r a t e )  

can r e s u l t  i n  u n d e r s t a t i n g  c o s t s  by a l m o s t  3 O % ,  i f  t h e  a p p r o p r i a t e  ra te  

i s  15"! ( t h a t  i s ,  $20 p e r  s t u d e n t  v e r s u s  $28 p e r  s t u d e n t ) .  

T e l e s e c u n d a r i a  i s  an e s p e c i a l l y  i n t e r e s t i n ?  i n s t r u c t i o n a l  t e c h n o l o g y  

p r o j e c t  i n  t h a t  r e s e a r c h  h a s  shown i t  t o  be more c o s t  e f f e c t i v e  t h a n  t h e  

t r a d i t i o n a l  d i r e c t  t e a c h i n g  sys t em t h a t  is  u s e d  i n  most s e c o n d a r y  

s c h o o l s  i n  Plexico. T l ~ e  i n t e r e s t e d  r e a d e r  i s  r e f e r r e d  t o  C h a p t e r  X I  f o r  

a  d e t a i l e d  d i s c u s s i o n  o f  t h i s  p o i n t ,  as w e l l  a s  a n  a n a l y s i s  of sys t em 

e x p a n s i o n  a l t e r n a t i v e s ,  f i n a n c i n g ,  and more e x t e n s i v e  c o s t  i n f o r m a t  i o n .  



Y a r j  
FIGURE 11f. 1 

AVERAGE COST FROH PROJECT INITIATION I N  1966 TO YEAR j 
AT INTEREST RKfES. OF O X ,  .7 .5% and 15% 

fin 1972. U I S .  d o l l a r s j  



3.  SUMMARY 

Tables  111.1 and 111.2 summarize t h e  annual ized c o s t  in format ion ,  a t  

a  s o c i a l  r a t e  of d i scount  of 7.5%, f o r  t he  four  i n s t r u c t i o n a l  r a d i o  

p r o j e c t s  and f i v e  i n s t r u c t i o n a l  t e l e v i s i o n  p r o j e c t s ,  r e s p e c t i v e l y ,  

t h a t  have been d iscussed  i n  t h i s  chapter .  The four  r a d i o  p r o j e c t s  

a r e  q u i t e  d i f f e r e n t  i n  s i z e  and scope, a s  is ind i ca t ed  by t h e  wide 

v a r i a t i o n s  i n  N , h , and average c o s t  pe r  s tuden t  (ACN) exh ib i t ed  

on Table  111.1. The two Mexican r ad io  p r o j e c t s  a t  p r e sen t  have a  r a t h e r  

high average cos t  pe r  s t u d e n t ,  which r e f l e c t s  t h e i r  r e l a t i v e l y  low 

u t i l i z a t i o n ;  t h e  high va lue  of t h e  r a t i o  of average c o s t s  t o  v a r i a b l e  

c o s t s  (AC /V ) f o r  t he se  two p r o j e c t s  i n d i c a t e s  t h a t  s u b s t a n t i a l  
N N 

economies of s c a l e ,  and consequent r educ t ions  i n  average c o s t s ,  could 

be achieved with t he  expansion of system enrol lment .  The r e l a t i v e l y  

high v a r i a b l e  c o s t  pe r  s tuden t  (V ) f o r  t he  Nicaraguan p r o j e c t  r e f l e c t s  
N 

t he  assumption of ex t ens ive  school  superv is ion  and t h e  u t i l i z a t i o n  of a  

r e l a t i v e l y  expensive battery-powered r ad io  r e c e i v e r  and t h e  i n c l u s i o n  

of t e ache r  t r a i n i n g  and p r i n t e d  support  m a t e r i a l s  c o s t s .  

The f i v e  t e l e v i s i o n  p r o j e c t s  examined a l s o  e x h i b i t  a wide range o f  

scope, s i z e ,  and a p p l i c a t i o n .  The high c o s t  pe r  s tuden t  of t he  S tanford  

I n s t r u c t i o n a l  Te l ev i s ion  system i s  i n d i c a t i v e  of t h e  g r e a t e r  ITV expense 

o f t e n  i ncu r r ed  i n  a  u n i v e r s i t y  s e t t i n g ,  e s p e c i a l l y  one t h a t  u t i l i z e s  a 

d is tance- learn ing  mode of opera t ion .  The r eade r  should n o t e  t h a t  t h e  c o s t s  

of t h e  S tanford  system may s t i l l  be considered q u i t e  reasonable ,  s i n c e  

they cover t h e  t o t a l  c o s t s  of ins t ruc t ion- -c lass room t eache r s  a r e  no t  used 

t o  supplement t h e  video l e s sons .  The high r a t i o s  of average c o s t s  t o  

v a r i a b l e  c o s t s  (AC / V  ) f o r  a l l  but  one of t he  p r o j e c t s  i n d i c a t e  t h a t  
N N 

average system c o s t s  can be  reduced s u b s t a n t i a l l y  i n  most of  t h e s e  systems 

i f  t h e i r  enrollment expands. 

The v a r i a t i o n s  i n  t h e  v a r i a b l e  c o s t  pe r  s tuden t  f o r  t he  fou r  

nonun ive r s i t y  ITV systems s t r o n g l y  r e f l e c t  d i f f e r e n c e s  i n  c l a s s  s i z e ,  

which can g r e a t l y  a f f e c t  per  s tudent  c o s t s  ( a s  d i scussed  i n  Chapter I ) ;  

t he  low va lue  of V f o r  t h e  Hagerstown p r o j e c t  i s  a l s o  a  consequence 
N 

of t he  much longer  than usua l  l i f e t i m e s  ob ta ined  f o r  r ecep t ion  equipment. 



TABLE 111.1 

Year o f  Cost  P e r  
P r o j e c t  I n f o m t i o n  Source N h  F v~ Vh ACN AcN/VN Studen t  Hour 

Nicaragua 
b 

1 9  75 250,000 450 73,400 3.06 282 3.86 1 . 3  .051 

Mexico-Radioprimaria 1 9  72 2 ,800 280 0 .15 130 13.12 77.2 .054 

Mexico-Tarahumara 1 9  72 1 , 0 8 1  640 33,424 .40 1 8  42.20 105.5 .264 

a  
Values i n  t h i s  t a b l e  were  computed w i t h  a s o c i a l  r a t e  o f  d i s c o u n t  o f  7.5%; a l l  v a l u e s  a r e  i n  1972 

U.S. d o l l a r s .  The symbols a r e  de f i ned  as fo l l ows :  N = number o f  s t u d e n t s  u s ing  p r o j e c t  ( i n  t h e  g iven  
y e a r ,  u n l e s s  o the rw i se  n o t e d ) ;  h  = t h e  number o f  hours  o f  programming b roadcas t  p e r  y e a r ;  F = annua l i z ed  
f i x e d  c o s t s ;  VN = annua l ized  v a r i a b l e  c o s t  pe r  s t u d e n t ;  Vh = annua l i z ed  v a r i a b l e  c o s t  pe r  hour  broad- 

c a s t ;  AC = average  annua l  c o s t  p e r  s t u d e n t  f o r  t h e  g iven  v a l u e s  o f  N and h ; and t h e  s t u d e n t  hour 
N 

c o s t  i s  t h e  annua l  c o s t  p e r  s tudent-hour  o f  viewing f o r  t he  given va lue s  o f  N and h . 
b ~ h e  v a l u e s  o f  N and h  chosen f o r  t h e  I R  p r o j e c t  i n  Nicaragua r e f l e c t  p o t e n t i a l  u t i l i z a t i o n  

of t h e  system as d i s cus sed  i n  t h e  c a s e  s t u d y  i n  Chapte r  V. 

C The c o s t  f u n c t i o n  f o r  i n s t r u c t i o n a l  r a d i o  i n  Tha i land  was d e r i v e d  s o l e l y  as a f u n c t i o n  of  VN ; 
t h e r e f o r e  

Vh 
i s  n o t  g iven  i n  the  t a b l e  ( c o s t s  t h a t  are v a r i a b l e  P e r  b roadcas t  hour  are t h u s  

i nc luded  i n  t h e  p r o j e c t  ' s f i x e d  c o s t  f i g u r e )  . 



TABLE 111.2 

COST SUMMARY OF FIVE INSTRUCTIONAL TELEVISION PROJECTS~ 

Year of d Cost Per 
P ro jec t  Information Source N h F v~ vh '51 Acl,j 

A C ~ I V ~  Student Hour 

E l  Salvador b 
1972 

(a)  To ta l  Costs 48,000 540 1,116,000 1.10 -- 24.35 14.97 22.1 . I43  

(b) GOES Costs 48,000 540 799,000 1.10 -- 17.75 11.25 16.1 ,104 

Stanford 1974 4,942 6,290 196,900 9.20 87 159.20 165.00 17.3 6.20 

Hagerstown 1973 22,000 1,440 234,500 .90 652 54.23 53.40 60.3 .46 

~ o r e a '  1975 1,000,000 560 214,000 1 .81 2,128 3.22 -- 1 . 8  .045 

Mexico 1972 29,000 1,080 0 4.23 538 24.27 23.00 5.7 .067 

a 
Values i n  t h i s  t ab le  were computed with a s o c i a l  r a t e  of  d iscount .of  7.5%; a l l  values a r e  i n  1972 U.S. d o l l a r s .  

The symbols a r e  defined a s  follows: N = number of s tuden t s  using p ro jec t  ( in  the  given year ,  un less  otherwise no ted) ;  
h = t h e  number of hours of programming broadcast per  year ;  F = annualized f ixed c o s t s ;  VN = annualized va r i ab le  

c o s t  per  s tuden t ;  Vh = annualized v a r i a b l e  cos t  per  hour broadcast ;  A s  = average annual c o s t  per  s tudent  f o r  the  

given values  of N and h ; AC = the  average annual c o s t  per s tudent  from year  1 t o  year  j ,  where j is  t h a t  
1 9 1  

year  in which the  p ro jec t  has been broadcast ing t o  s tuden t s  f o r  20 years--for E l  Salvador we r e p o r t  AC1,23 , f o r  

Stanford AC1,20 , f o r  Hagerstown AC1,20 , and f o r  Mexico AClSZ1 ; and the  s tudent  hour cos t  is the  annual cos t  

p e r  s tudent  hour of viewing f o r  the  given values  of N and h . 
See nex t  page f o r  remaining footnotes.  



TABLE 1 1 1 . 2  ( con t inued)  

b ~ t l p  c o s t  f u n c t i o n  f o r  i n s t r u c t i o n a l  t c l e v i s i o l l  111 K 1 Sa1v;l~lor w a s  
d e r i v e d  s o l e l y  a s  ;I f u n c t i o n  o f  VN ; t h e r e f o r ~  Vh I s  n o t  g i v r n  i n  t h e  

t a b l e  ( c o s t s  t h a t  a r e  v a r i a b l e  p e r  hour  b r o a d c a s t  a r e  t h u s  i n c l u d e d  i n  
t h e  p r o j e c t ' s  f i x e d  c o s t  f i g u r e )  . 

C 
The N and h f o r  Korea r e f l e c t  p lanned u t i l i z a t i o n  of  t h e  

sys tem as d i s c u s s e d  i n  Chapter  X. 

d ~ h e  d a t a  f o r  t h i s  column ale taken  from t h e  c a s e  s t u d i e s  p r e s e n t e d  
i n  P a r t  Three  ( s u f f i c i e n t  d a t a  were n o t  a v a i l a b l e  t o  a l l o w  c a l c u l a t i o n s  
o f  AC 's f o r  t h e  Korean i n s t r u c t i o n a l  t e l e v i s i o n  p r o j e c t .  

il 



It i s  a l s o  i n t e r e s t i n g  t o  compare t h e  AC column, which g ives  t h e  
1 j 

average c o s t s  per s tuden t  over 20 y e a r s  of system u t i l i z a t i o n ,  wi th  

t he  AC column, which g i v e s  average c o s t s  per s tuden t  a t  one po in t  N 
i n  time. I n  most ca se s  t h e s e  two summary c o s t  measures t u r n  ou t  t o  be 

q u i t e  c l o s e ;  t h e  d i sc repancy  between t h e  two f i g u r e s ,  however, i s  q u i t e  

pronounced f o r  t h e  E l  Salvador system due t o  t h e  s u b s t a n t i a l l y  increased  

ITV u t i l i z a t i o n  p ro j ec t ed  f o r  f u t u r e  years .  A s  d i scussed  i n  Chapter I ,  

we b e l i e v e  t h e  AC f i g u r e  r e p r e s e n t s  a  b e t t e r  sumnary c o s t  measure 
i j 

than  t h e  average c o s t  pe r  s tuden t  f o r  a  given year  (ACN) , s i n c e  t h e  

former ach ieves  a  pe r spec t ive  of c o s t s  and u t i l i z a t i o n  over t i m e  t h a t  

t h e  l a t t e r  l a cks .  A s  we  have j u s t  seen ,  however, emp i r i ca l l y  t h e  two 

measures may be q u i t e  c l o s e ,  except  when c u r r e n t  c o s t s  and/or  u t i l i z a t i o n  

vary  cons iderab ly  over a  p r o j e c t ' s  l i f e t i m e .  

I n  summary, a  number of gene ra l  conc lus ions  emerge from our a n a l y s i s :  

1. It is  r e a l i s t i c  t o  expect  t h e  c o s t s  of i n s t r u c t i o n a l  r a d i o  

t o  range from 1~ t o  4~  o r  5~  per s tudent  per  hour ,  about one f i f t h  a s  

much a s  i n s t r u c t i o n a l  t e l e v i s i o n .  The h igh  end of t h i s  range can be 

reached wi th  ve ry  small  numbers of s t u d e n t s  ( s eve ra l  thousand); t h e  

low end might r e q u i r e  s e v e r a l  hundred thousand. 

2. It is r e a l i s t i c  t o  expect  t h e  c o s t s  of i n s t r u c t i o n a l  t e l e v i s i o n  

t o  range from 5C t o  1 5 ~  per s tudent  per  hour ,  o r  about t h r e e  t o  f i v e  

t imes a s  much a s  i n s t r u c t i o n a l  r a d i o ,  depending most impor tan t ly  on 

t h e  number of s t u d e n t s  i n  t h e  system. The low end of t h i s  range can 

be reached only i f  c l o s e  t o  a  m i l l i o n  s t u d e n t s  a r e  u s ing  t h e  system 

i n  a  reasonably  compact geographical  a r ea .  

3. Cost e s t ima te s  respond s e n s i t i v e l y  t o  t h e  s o c i a l  r a t e  of d i s -  

count ;  going from a  0 t o  a  15% s o c i a l  r a t e  of d i scount  can i n c r e a s e  

annual ized  c o s t  e s t i m a t e s  by 15% t o  40%. 

4. The heav i ly  f r o n t  loaded c o s t s  and r e a r  loaded u t i l i z a t i o n  

of technology p r o j e c t s  r e s u l t s  i n  a  requirement t h a t  p r o j e c t s  last 

1 0  t o  20 y e a r s  t o  a l low u n i t  c o s t s  t o  f a l l  t o  a  reasonable  l e v e l .  

This  is v i v i d l y  i l l u s t r a t e d  through examination of 'average c o s t s  

from i t o  j '  , our  AC Is ( see  t h e  a p p r o p r i a t e  t a b l e s  i n  t h e  ITV 
IJ 

case  s t u d i e s  r epo r t ed  i n  P a r t  Three) .  I f  t h e r e  i s  a  s u b s t a n t i a l  

p r o b a b i l i t y  t h a t  a  p r o j e c t  w i l l  no t  last 15  y e a r s ,  i t s  i n i t i a t i o n  



should be reconsidered.  Once i n t o  a p r o j e c t ,  f u t u r e  AC va lues  a re  
ij 

much lower than p r i o r  t o  i t s  i n i t i a t i o n ,  a s  one would expect .  

Our a n a l y s i s  provides  on ly  t h e  cos t  s i d e  of the  input  t o  a cos t -  

e f f e c t i v e n e s s  a n a l y s i s  of the  p o t e n t i a l  r o l e  of i n s t r u c t i o n a l  

t e l e v i s i o n  and r ad io  i n  developing coun t r i e s .  Yet t h e  surveys of 

Chu and Schramm (1967), S c h r a m  (1973), and Jamison, Suppes, and Wells 

(1974) i n d i c a t e  t h a t  t h e s e  media a r e  good s u b s t i t u t e s  f o r  convent iona l  

i n s t r u c t i o n  of  reasonably high q u a l i t y .  For these  reasons we can expect 

t o  s e e  an expanding r o l e  f o r  t h e  new media, a s  s u b s t i t u t e s  f o r  convent iona l  

i n p u t s ,  a s  t h e  media p r i c e s  cont inue  t o  d e c l i n e  r e l a t i v e  t o  t h a t  of 

convent ional  i n s t r u c t i o n .  In  t h e  fol lowing ~ h a p t e r ~ w e  pursue our  cos t  

a n a l y s i s  of I R  and ITV systems by looking a t  how c o s t s  may be examined 

a s  a func t ion  of  a number of educa t iona l  po l i cy  dec i s ion  v a r i a b l e s  t h a t  

need t o  be c a r e f u l l y  considered i n  planning and i n i t i a t i n g  an i n s t r u c t i o n a l  

technology system. 



CHAPTER I V  

COST FUNCTIONS FOR INSTRUCXIONAL RADIO AND TELEVISION 

Our purpose in t h i s  chapter  i s  t o  i d e n t i f y  t he  v a r i a b l e s  t h a t  w i l l  

determine the  c o s t  of an i n s t r u c t i o n a l  r ad io  o r  t e l e v i s i o n  system, and 

t o  organize  those  v a r i a b l e s  i n t o  a  t o t a l  cos t  func t ion  i n  a  way t h a t  

w i l l  a l low p lanners  t o  examine t h e  s e n s i t i v i t y  of t o t a l  cos t  t o  changes 

i n  t h e  determining v a r i a b l e s .  Whereas t he  purpose of  Chapter I11 was 

t o  presen t  r e s u l t s  from c o s t  eva lua t ions  of ongoing p r o j e c t s ,  t h e  

purpose of t h i s  chap te r  i s  t o  d i s c u s s  techniques f o r  planning f u t u r e  

p r o j e c t  c o s t s .  The chap te r  has t h r e e  s e c t i o n s .  I n  t h e  f i r s t  s e c t i o n  

the  v a r i a b l e s  t h a t  determine t h e  t o t a l  c o s t  func t ion  a r e  i d e n t i f i e d  f o r  

r ad io  and t e l e v i s i o n  and a  genera l  cos t  func t ion  is  s p e c i f i e d .  I n  t h e  

second p a r t ,  e s t ima te s  f o r  elements of t h e  c o s t  func t ion  a r e  d i scussed  

i n  terms of c o s t s  f o r  c e n t r a l  admin i s t r a t i on  and p r o j e c t  s t a r t  up, 

programming, t ransmiss ion ,  and r ecep t ion ;  t he se  e s t ima te s  draw on t h e  

r e s u l t s  of Chapter 111. In  t h e  t h i r d  p a r t ,  example cos t  func t ions  f o r  

r a d i o  and t e l e v i s i o n  are cons t ruc t ed  from t h e  d a t a  provided i n  t h e  

second p a r t .  

1. DETERMINANTS OF TOTAL COSTS 

I n  cor l s t ruc t ing  t h e  t o t a l  cos t  func t ion ,  we assumed t h a t  t o t a l  c o s t s  

can be w r i t t e n  a s  t he  sum of c e n t r a l  c o s t s ,  p rog raming  c o s t s ,  t ransmiss ion  

c o s t s ,  and r ecep t ion  c o s t s .  Th i s  assumption, though convenient ,  can be  

r e s t r i c t i v e  a s  it f a i l s  t o  a l low f o r  t radeof  f  s between t ransmiss ion  

and r ecep t ion  c o s t s .  Th i s  t r adeo f f  p l ays  a  c e n t r a l  r o l e  i n  a s s e s s i n g  

t h e  economic d e s i r a b i l i t y  of  s a t e l l i t e  t ransmiss ion .  

T o t a l  c o s t s ,  TC , a r e  then given by: 

(IV. 1 )  

where s u b s c r i p t s  C , P , T and R r e f e r  t o  c e n t r a l ,  programming, 

t ransmiss ion ,  and r ecep t ion  r e spec t ive ly .  Our approach t o  s p e c i f i c a t i o n  



of TC w i l l  b e  t o  examine each of the  component cos t  func t ions  i n  

t u rn .  The determining v a r i a b l e s  with t h e i r  d e f i n i t i o n s  a r e  l i s t e d  

i n  Table I V . l .  For a l l  c a p i t a l  expenses t he  annua l i za t ion  f a c t o r ,  

a ( r ,  n) , discussed  i n  Chapter XI, is  ueed. 

Cent ra l  P ro t ec t  Costs 

P r o j e c t  planning and s t a r t  up c o s t s  a r e  important a spec t s  of t o t a l  

c o s t s  and should be annualized over the  e n t i r e  p r o j e c t  l i f e t i m e .  

Add i t iona l ly ,  technology p r o j e c t s  may r equ i r e  s p e c i a l  admin i s t r a t i on  

c o s t s  t h a t  a r e  d i s t i n c t  from admin i s t r a t i on  c o s t s  f o r  t he  educat ion 

system. These c o s t s ,  the  c e n t r a l  p ro j ec t  c o s t s ,  a r e  given by: 

where r is the  s o c i a l  discount  r a t e ;  

n  is  t h e  l i f e  of t he  p r o j e c t ;  

CSU 
is t h e  p r o j e c t  s t a r t  up c o s t ;  and, 

CCA 
i s  t h e  annual c e n t r a l  admin i s t r a t i on  cos t .  

Programming Cost Function 

The programming cos t  func t ion  i s  a  more complicated formulat ion than 

the o t h e r  equat ions ,  a s  t h e  c a p i t a l  expenses f o r  product ion f a c i l i t i e s  

and equipment a r e  annual ized over t he  l i f e  of the  program. The func t ion  

is  given by: 

where n  , n , and n  a r e  the  l i f e t i m e s  of t he  program, t h e  
P  Pe P f 

product ion equipment and t h e  product ion f a c i l i t y  r e spec t ive ly ;  'PE 
and 

CpF 
a r e  c a p i t a l  c o s t s  f o r  t h e  production equipment and the  product ion 

f a c i l i t y  r e spec t ive ly ;  and, CpA i s  annual product ion c o s t .  I t  should 

be r e c a l l e d  t h a t  a l l  programming c o s t s  a r e  r e l a t e d  t o  t he  number of  

programming hours. An a l t e r n a t i v e  technique would be t o  sunnnarize 

these  c o s t s  i n t o  a s i n g l e  pe r  hour production c o s t ,  Cph . We would 

then have : 



TABLE I V .  1 

DETERMINING VARIABLES OF THE TOTAL COST FUNCTION 

Var i ab l e  

A. System Var i ab l e s  

N 

S 

B. Cost Var iab les  

Csu 

'CA 

D e f i n i t i o n  

Number of s t u d e n t s  u s ing  t h e  system 
each year .  

Number of hours  of programming each year .  
(This number could be der ived  by d e t e r -  
mining t h e  average number of broadcast  
hours  per  s tuden t  and mul t ip ly ing  by 
t h e  number of d i s t i n c t  s tudent  groups,  
f o r  example, grade l e v e l s ) .  

Area of t h e  reg ion  t o  be served.  (This  
f a c t o r  could be examined i n  f u r t h e r  
d e t a i l  by assuming s e v e r a l  reg ions  wi th  
d i f f e r e n t  a r e a s  o r  geographic f e a t u r e s ) .  

Number of pages of p r i n t e d  m a t e r i a l s  
f o r  each s tuden t .  (The p r i n t e d  m a t e r i a l s  
a r e  assumed t o  be reusable . )  

Number of s t u d e n t s  who w i l l  s ha re  a 
r e c e i v e r .  (This w i l l  depend upon t h e  
number of s t u d e n t s  per c l a s s  and t h e  
number of c l a s s e s  t h a t  can s h a r e  a 
r e c e i v e r ) .  

F r a c t i o n  of r e c e p t i o n  s i t e s  l o c a t e d  
i n  a non-elec t r i f  i ed  a r e a .  

Number of r ecep t ion  sites. 

Cost of p r o j e c t  planning and start up. 

Cost of c e n t r a l  admin i s t r a t i on .  



TABLE I V . l  (continued) 

Cb 

C .  C a p i t a l  L i fe t ime Var iab les  

Cost of product ion f a c i l i t y  ( land and bui ld ings)  

Cost of product ion equipment. 

Annual cos t  of program product ion.  

Cost of purchasing and i n s t a l l i n g  a  
t ransmiss ion  system capable of s e rv ing  
a r e a  G. 

Cost of t ransmiss ion  f a c i l i t y  (land and bu i ld ings )  

Annual cos t  of power, maintenance, and 
opera t ing  personnel  f o r  a  t r a n s m i t t e r  
capable of reaching a r e a  G .  

Cost of one r ece ive r .  

Cost of r e l a t e d  r ecep t ion  equipment 
( f o r  example, antennas)  f o r  a  r ecep t ion  s i t e .  

Cost of bu i ld ing  modi f ica t ions  f o r  t e l e v i s i o n  
recept ion .  

Cost per  r ecep t ion  s i t e  f o r  power genera t ion  
equipment ( requi red  only f o r  TV i n  non- 
e l e c t r i f i e d  a r e a s ) .  

Cost of e l e c t r i c  power, per  r ecep t ion  s i t e  
per  hour,  us ing  power l i n e s .  

Cost of e l e c t r i c  power, per  r ecep t ion  s i t e  
per  hour ,  us ing  l o c a l ,  power genera t ion  
equipment o r  b a t t e r i e s .  

Cost pe r  hour f o r  maintenance a t  each 
r ecep t ion  s i t e .  

Cost of a  book, per  page. 

L i f e  of t h e  p r o j e c t .  

L i f e  of a  completed program. 

L i f e  of product ion equipment. 

L i f e  of product ion f a c i l i t y .  

L i f e  of t ransmiss ion  equipment. 



TABLE I V  . 1  (continued) 

"TF Life of transmission f a c i l i t y .  

"R 

"RE 

Life of a receiver. 

Life of related receiver equipment. 

Life of reception f a c i l i t y  modifications. 

Life of power generating equipment. 

Life  of a book. 

D .  Social Rate of Discount 

r Social rate of discount. 



This  equa t ion  assumes a t a r g e t  audience with a s i n g l e  language and 

l i t t l e  c u l t u r a l  d i v e r s i t y ,  each of which could r e q u i r e  a l t e r a t i o n s  of 

program conten t  f o r  d i f f e r e n t  groups. 

Transmission Cost Function 

The t ransmiss ion  cos t  is given by: 

where n and nTF a r e  t h e  l i f e t i m e s  of t h e  t ransmiss ion  equipment and TE 
t ransmiss ion  f a c i l i t y  r e s p e c t i v e l y ;  CTE and CTF a r e  t he  c a p i t a l  c o s t s  

o f  t h e  t ransmiss ion  equipment and t ransmiss ion  f a c i l i t y  r e s p e c t i v e l y ;  

and,  CTA i s  t h e  annual ope ra t i ng  cos t  f o r  t ransmiss ion .  The c o s t s  

vary  with t he  s i z e  of t h e  region t o  be served.  More d e t a i l  could be  

included i n  t h e  equa t ion  by assuming more than one region wi th  d i f f e r e n t  

t ransmiss ion  requirements.  There would then be a s i n g l e  equa t ion  IV.4 

f o r  each region and t o t a l  t ransmiss ion  c o s t s  would be ob ta ined  by 

summing t h e  equa t ions  f o r  a l l  regions.  

Reception Cost Function 

I n  w r i t i n g  t h e  r ecep t ion  c o s t  func t ion ,  w e  must t ake  account of 

r e c e i v e r  c a p i t a l  and maintenance expenses,  power equipment and ope ra t i ng  

expenses,  and p r i n t e d  m a t e r i a l s  c o s t .  The r ecep t ion  c o s t  func t ion  is 

given by : 



where n R s  n R E 9  n n and n a r e  the  l i f e t i m e s  of t h e  r e c e i v e r ,  
RF ' E b 

o the r  r ece ive r - r e l a t ed  equipment, t h e  recept ion  f a c i l i t y ,  power-generating 

equipment f o r  the  r ecep t ion  f a c i l i t y ,  and p r in t ed  m a t e r i a l s  r e spec t ive ly ;  

CR1 , CRE , CRF , C and Cb a r e  c a p i t a l  c o s t s  of t he  r e c e i v e r ,  rece iver -  e 
r e l a t e d  equipment, t h e  recept ion  f a c i l i t y ,  t he  power-generating equipment, 

and p r in t ed  m a t e r i a l  r e spec t ive ly ;  C , C ' , and a r e  hour ly  
P P 

cosQof  e l e c t r i c  power from powerlines,  e l e c t r i c  power from power 

genera t ing  equipment, and maintenance r e s p e c t i v e l y ;  

N i s  the  number of s t u d e n t s  served by the  system; 

k i s  t h e  number of s tuden t s  sha r ing  a r ece ive r ;  

S i s  t h e  number of recept ion  sites; 

e is  the  f r a c t i o n  of recept ion  s i t e s  l oca t ed  in a r e a s  not  

served by power l i n e s ;  

h i s  t h e  number of hours  of programming each year ;  and, 

b is the  number of  pages of  p r in t ed  ma te r i a l  f o r  each s tuden t .  

More d e t a i l  could be included i n  t he  r ecep t ion  cos t  equat ion  by 

r e a l i z i n g  t h a t  t h e r e  may be some v a r i a t i o n  among recept ion  s i t e s .  The 

d i f f e r e n c e s  i n  c o s t  among sites may be small  f o r  r e l a t e d  equipment but  

could be l a r g e  f o r  power c o s t s .  

Cost Function Recapi tu la t ion  

The t o t a l  cos t  func t ion  of equat ion  I V . l  has been descr ibed  i n  

more d e t a i l  i n  t he  equat ions  f o r  c e n t r a l ,  product ion,  t ransmission and 

recept ion  c o s t s .  Even though w e  cons ider  35 s e p a r a t e  determining 

v a r i a b l e s ,  our  cos t  funct ion r ep re sen t s  only an approximation; a t  a 

number of po in t s  along t h e  way we have ind ica t ed  where more d e t a i l  

could be provided and o t h e r  i n s t ances  w i l l  have occurred t o  t h e  reader .  

The c o s t  func t ion  provides a u se fu l  approach t o  a broad o u t l i n e  f o r  

planning. However, a d e t a i l e d  planning e f f e c t  would be requi red  t o  

ob ta in  more d e t a i l e d  cos t  information s p e c i f i c  t o  l o c a l  circumstances.  

It is perhaps worth poin t ing  out  t h a t  equat ion I V . l  f i t s  i n t o  t h e  

simple TC = F + V h + V N format i f  one t akes  a s  given a l l  t h e  
h n 

determining v a r i a b l e s  except N and h . Only the  c e n t r a l  c o s t s  

(and perhaps the  t ransmission c o s t s )  would be considered f ixed .  The 



variable cost per hour, Vh , could be determined by summing programming 
costs divided by the number of hours with the hourly reception power 

costs. All reception costs (with the exception of hourly power costs) 

would be used to determine the variable costs per student, Vn . 

2. COMPONENT COSTS 

Our purpose in this section is to provide background information on 

what actual costs for elements in the cost function have been and can 

be expected to be. This information can serve as a guide to planners 

of future systems even though the estimates presented here will 

generally need to be changed to reflect local circumstances. 

Central Administration and Start Up 

Project planning, feasibility studies, and cost analyses are 

important initial steps before a project is undertaken. These costs 

should be included as part of the project costs. Unfortunately, many 

analyses often ignore these costs as they are difficult to determine. 

These costs may be high if the project is one of the first projects 

using a particular form of technology and cannot base its analysis 

on other project experiences. For example, Stanford was the first 

university to use the Instructional Television Fixed Service (ITFS) 

band for television with two-way audio for off-campus education. 

There, start up costs amounted to $328,000. There are now many other 

systems that have followed the Stanford model and these planning 

costs can be minimized. In Nicaragua, initial planning expenses 

were $268,000. This is the first system to provide a mathematics 

curriculum via radio for primary school students and require 

40-50 respones from each student (in a workbook) during a 30- 

minute lesson. This technique can be adapted to other Spanish- 

speaking countries at significantly lower cost. 

Central administration is another important expense item that 

varies widely from project to project and is often ignored. For the 



Stanford  I T V  system, people a r e  employed f u l l  time i n  an a d m i n i s t r a t i v e  

capac i ty  and t h e i r  s a l a r i e s  a r e  approximately $100,000 each year .  Another 

important  expense t h a t  i s  o f t e n  no t  included i s  research  and eva lua t ion .  

I n  Nicaragua, eva lua t ion  of t he  programs was p a r t  of a  formative evalua- 

t i o n  process  and was included wi th in  product ion expenses.  However, an 

a d d i t i o n a l  $118,000 was spent  on o t h e r  r e sea rch .  I n  the  Ivory Coast ,  

expenses f o r  eva lua t ion  and s t u d i e s  have reached over  $200,000 p e r  

y e a r ,  and may wel l  become higher .  

Product ion 

Product ion c o s t s  vary widely and depend upon t h e  complexity of t h e  

program being presented.  A s  t h e  complexity of t h e  p r e s e n t a t i o n  i n c r e a s e s ,  

more expensive equipment and more personnel  may be involved.  For 

example, t he  Stanford ITV system (Chapter VIII ) uses  one t e a c h e r ,  one 

camera ope ra to r  and two cameras i n  the  s tud io .  The format of t h e  program 

i s  d i r e c t  l e c t u r i n g ,  with n o t e s  and graphs,  by t h e  teacher  ( t h e  system 

provides  a  f a c i l i t y  f o r  s t uden t  t a lkback ) ,  and t h e  c o s t s  per  hour f o r  

product ion a r e  approximately $91. I n  Mexico (Chapter XI) ,  product ion 

c o s t s  a r e  approximately $490 p e r  hour f o r  a more complex product ion 

arrangement involving a  t eache r ,  a  d i r e c t o r ,  a  camera o p e r a t o r ,  a  

t e chn ic i an ,  and m a t e r i a l s  produced by a graphics  department.  The 

product ior~  of programs f o r  t h e  Open Un ive r s i t y ,  which is undertaken by 

the  B r i t i s h  Broadcasting Corporat ion,  c o s t s  an average of $9,600 pe r  

hour (Lumsden and R i t c h i e ,  1975). 

Although product ion c o s t s  and program complexity vary  wide ly ,  t h e  

research  c i t e d  by Schramm (1972) cha l l enges  t h e  need f o r  p r o f e s s i o n a l  

product ion techniques i n  educa t iona l  programs. Schramm reviewed the  

l i t e r a t u r e  on program product ion and t h e  impact of d i f f e r e n t  product ion 

techniques on s tudent  l e a rn ing .  H e  concluded t h a t  s i m p l i c i t y  of 

p r e s e n t a t i o n  i s  p re fe rab l e .  

The genera l  conclusion t h a t  emerges from t h e  s t u d i e s  
of s imple v s .  complex t rea tments  of m a t e r i a l  i n  t h e  audio- 
v i s u a l  media i s  one t h a t  should gladden t h e  h e a r t  of a  



h u t l ~ r t  o f f i c e r  c3r :In execut ive producer.  Narc, c 3 t  tl-n t h m  
not . t here  is  110 I t , ; l r ~ l i n ~  advantage t o  Iw gal l ~ l t ' c l  h v  :I 

f a n c i e r ,  more complex t reatment  (p.  55) .  

Visual  embellishments do not  u s u a l l y  help l ea rn ing  
un le s s  ( l i k e  d i r e c t i o n a l  arrows) they can he lp  organize  
content  t h a t  is not  i n h e r e n t l y  we l l  organized o r  ( l i k e  
animation) he lp  a  viewer t o  understand a  process  o r  concept 
t h a t  i s  very hard t o  understand without  such s i m p l i f i c a t i o n .  
In  o t h e r  words, v i s u a l  embellishments per s e  a r e  not  espe- - 
c i a l l y  u s e f u l  i n  i n s t r u c t i o n a l  m a t e r i a l .  

No l e a r n i n g  advantage has  been demonstrated f o r  
' p ro fe s s iona l '  o r  ' a r t i s t i c '  product ion techniques such a s  
d o l l y i n g  r a t h e r  than c u t t i n g ,  key r a t h e r  than f l a t  l i g h t i n g ,  
d i s s o l v e s ,  wipes,  f ades ,  e t c .  

There is very l i t t l e  evidence t h a t  n a r r a t i v e  presen ta -  
t i o n  o r d i n a r i l y  has  any l e a r n i n g  advantage over  expos i tory  
o r  t h a t  adding humor adds t o  l e a r n i n g  e f f e c t  (p. 65) .  

H i s  conclusion,  which is r eve l an t  t o  t he  choice between t e l e v i s i o n  

and r a d i o ,  is t h a t  t h e r e  is doubt t h a t  two channels  (audio and v i s u a l )  

have an advantage over  one channel  (audio  o r  v i s u a l )  when the  information 

c a r r i e d  by t h e  second medium is  r e l e v a n t .  Therefore ,  a l though he 

concludes t h a t  t h e r e  i s  no advantage t o  spending money f o r  complex 

t e l e v i s i o n  product ion ,  t h e r e  may a l s o  be no advantage t o  spending money 

f o r  t e l e v i s i o n  i n s t e a d  of r ad io  i f  t h e  t e l e v i s i o n  product ion merely 

involves  l e c t u r i n g .  An a l t e r n a t i v e  to  t e l e v i s i o n  product ion u t i l i z i n g  

graphs,  c h a r t s  and n o t e s  would be r ad io  with s tudent  workbooks o r  

p r i n t e d  ma te r i a l s .  

The coord ina t ion  of r a d i o  wi th  s tudent  workbooks i s  e s p e c i a l l y  

a t t r a c t i v e , a s  Schramm (1972) a l s o  concluded t h a t  a c t i v e  p a r t i c i p a t i o n  

by t h e  s tuden t  was important .  

The ch i e f  p o s i t i v e  g u i d e l i n e  t h a t  emerges from t h e  
r e sea rch  i s  t h e  u se fu lnes s  of a c t i v e  s tudent  p a r t i c i p a t i o n .  
Concerning t h a t  we have been a b l e  t o  r e p o r t  impress ive ly  
c o n s i s t e n t  r e s u l t s .  P a r t i c i p a t i o n  may be ove r t  o r  c o v e r t ;  
spoken o r  w r i t t e n  o r  done through p r a c t i c e  wi th  a  model o r  a  
device ;  bu t ton  pushing o r  asking o r  answering ques t i ons ,  o r  
f i n i s h i n g  what t h e  i n s t r u c t o r  has  begun t o  say.  D i f f e r e n t  
forms a r e  more e f f e c t i v e  i n  d i f f e r e n t  s i t u a t i o n s .  Whatever 



t h e  way i n  which s t u d e n t s  a r e  encouraged t o  p r a c t i c e  t h e  
d e s i r e d  responses ,  i n  moet c a s e s  t h i s  a c t i v i t y  is more 
e f f e c t i v e  i f  t h e  s t u d e n t s  a r e  given immediate knowledge of  
r e su l t s - - t ha t  is,  t o l d  whether t h e i r  responses  a r e  c o r r e c t  
(P. 66).  

But a t  l e a s t  two s t r a igh t fo rward  gu ide l ines  s tand  ou t  
from the  r e sea rch  papers  we have reviewed. E f f e c t i v e  
t e l e v i s i o n  can be kept a s  simple a s  p o s s i b l e ,  except where 
some complexity is c l e a r l y  r equ i r ed  f o r  one t a s k  o r  another ;  
s t uden t s  w i l l  l e a r n  more i f  they  a r e  kept a c t i v e l y  p a r t i c i -  
pa t i ng  i n  the  teaching-learning process .  Simple t e l e v i s i o n :  
a c t i v e  s t u d e n t s  (pp. 66-67). 

Planning a program wi th  a c t i v e  s tuden t  p a r t i c i p a t i o n  can e a s i l y  

r a i s e  t he  c o s t s  of product ion.  An i n t e r e s t i n g  experiment wi th  r a d i o  

product ion f o r  primary grade mathematics i s  being undertaken i n  

Nicaragua ( S e a r l e ,  Fr iend,  and Suppes, 1975; a c o s t  a n a l y s i s  of  t h i s  

p r o j e c t  appears  i n  Chapter V ) The c o s t  f o r  program production-- 

which inc ludes  s tuden t  workbooks, t e ache r  gu ides ,  and approximately 

40-50 a c t i v e  responses  per  30-minute lesson- - i s  $1,712 per  hour. T h i s  

c o s t  i s  high f o r  r ad io  product ion (Schramn e t  a l . ,  1967,est imated 

prodnct ion c o s t s  of $250 per  hour f o r  r a d i o  programs i n  Thai land)  and 

i s  w e l l  w i th in  t he  range of product ion c o s t s  f o r  t e l e v i s i o n .  However, 

i f  one assumes a 10-year l i f e t i m e  f o r  t he se  programs (which is reason- 

a b l e  cons ider ing  t h e  investment i n  p lanning ,  eva lua t ion ,  and r e v i s i o n ) ,  

t he  c o s t s  become $160 pe r  hour per  yea r  (assuming an i n t e r e s t  r a t e  of 

7.5%). One reason the  c o s t s  a r e  h igh  is the  use of e x p a t r i a t e s  f o r  

s e v e r a l  phases  of program product ion.  I f  t h e  e x p a t r i a t e s  could be  

replaced by Nicaraguans, t h e  c o s t s  would be halved.  The personnel  

involved i n  producing 150 new 30-minute r ad io  l e s sons  and r e v i s i n g  

150 o t h e r  l e s sons  a r e :  3 f u l l  t i m e  personnel  f o r  s c r i p t w r i t i n g ,  

3 h a l f  time personnel  f o r  curr iculum des ign ,  1 f u l l  t ime a r t i s t  f o r  

de s ign  and p repa ra t i on  of workbooks, 112 f u l l  t i m e  person f o r  w r i t i n g  

t eache r  gu ides ,  3 ha l f  t h e  personnel  f o r  management, and 2 f u l l  time 

personnel  f o r  eva lua t ion .  

Table I V . 2  summarizes product ion c o s t s  f o r  r ad io  and t e l e v i s i o n  

from s e v e r a l  p r o j e c t s .  From t h e s e  p r o j e c t  exper iences ,  i t  would seem 



TABLE I V  .2 
PROGRAM PRODUCTION COSTS 

Number of Annualized Annualized Recurrent Average Cost 
Program- F a c i l i t y  Equipment cos t  sd per houre 
ming cos tsb  cos tsC ( i n  1000s ( i n  d o l l a r s )  
 our sa ( i n  1000s ( i n  1000s of 1972 

of 1972 $)  of 1972 $) d o l l a r s )  

Ins t ruc t iona l  Television 

El Salvador 333 22.70 231.0 (38) 540.0 1153* 

Hagerstown 1440 40.13 209.9 (107.7) 847.5 (68) 762 

Telesecundaria 1080 12.6 44.3 472.8 490 

Korea 17 04 

Stanford 6290 47.25 34.06 489.9 (183) 91 

Open Universi ty 288 3695* 

Ins t ruc t iona l  Radio 

Nicaragua 50 160.0 (10) 1232* 

Korea 9 6 

a 
This  i s  the  number of hours produced o r  revised i n  a year.  It i s  not 
necessar i ly  equal t o  t h e  number of t o t a l  hours broadcast t o  s tudents .  

b F a c i l i t y  c o s t s  a r e  annualized a t  7.5% with a 20-year l i f e .  

C Equipment c o s t s  a r e  annualized a t  7.52 with a 10-year l i f e .  Videotapes 
a r e  included a s  equipment but assumed t o  have a 5-year l i f e .  The 
t o t a l  value of videotapes i s  reported i n  parentheses. 

d ~ h e  major component of recurrent  c o s t s  i s  s a l a r i e s  of production 
personnel. Where poss ib le ,  the  number of f u l l  time equivalent  personnel 
involved i n  production w i l l  be reported i n  parentheses. 

e Some p r o j e c t s  use l i v e  program production and o t h e r s  r e l y  on tapes.  
When programs a r e  revised from one year t o  the  next ,  a 3-year l i f e  
w i l l  be assumed f o r  a l l  programs. Those ins tances  where a 3-year 
l i f e  i s  assumed a r e  marked by an a s t e r i s k  (*). An i n t e r e s t  r a t e  of 
7.5% i s  used. 



reasonable  t o  assume product ion c o s t s  of $100 t o  $3,500 per  hour f o r  

t e l e v i s i o n  and $100 t o  $1,200 per  hour f o r  rad io .  

These exper iences  wi th  c o s t s  may be complemented by cos t  e s t i m a t e s  

f o r  s i n g l e  s t u d i o  f a c i l i t i e s .  Jamison wi th  Bet t  (1973) e s t ima te  t h a t  

a TV f a c i l i t y  could be e s t a b l i s h e d  f o r  $20,000 and a r a d i o  f a c i l i t y  

f o r  $5,000. Bourret (1973) has  es t imated  a c o s t  of $25,000 f o r  equipment 

f o r  a s imple t e l e v i s i o n  s t u d i o .  In  t h e  es tab l i shment  of a cornuni ty  

r ad io  s t a t i o n  i n  Canada, c o s t s  f o r  r ad io  s t a t i o n  equipment were es t imated  

a t  $11,000. Assuming a cons t ruc t ion  c o s t  of $50 p e r  square  f o o t ,  a 

t e l e v i s i o n  s t u d i o  f a c i l i t y  (5,000 sq .  f t . )  would c o s t  $25,000, and a 

r a d i o  s t u d i o  f a c i l i t y  (1,000 sq.  f t . )  would c o s t  $5,000. Adding 

maintenance c o s t s  of 10% of equipment investment and annual iz ing  

f a c i l i t y  expenses f o r  a 20-year per iod  and equipment expenses f o r  a 

10-year pe r iod ,  t o t a l  annual  c o s t s  would be $8,600 and $1,220 f o r  

t e l e v i s i o n  and r ad io  r e spec t ive ly .  

For 300 hours of  programming each yea r ,  t h i s  would r e s u l t  In c o s t s  

of on ly  $29 p e r  hour f o r  t e l e v i s i o n  and $6 pe r  hour f o r  rad io .  However, 

equiyment and f a c i l i t y  c o s t s  a r e  t h e  sma l l e s t  po r t i on  of t o t a l  c o s t s  

f o r  programming. The major component of product ion c o s t s  is der ived  

from personnel  s a l a r i e s .  Assuming s a l a r i e s  of $5 pe r  hour f o r  adminis- 

t r a t o r s  (2 hours  of  t i m e  p e r  course hou r ) ,  $3 per  hour f o r  t e ache r s  

(10 hours of time p e r  course hour ) ,  and $1  per  hour f o r  t e chn ic i ans  

(1.5 hours  of  time pe r  course  hour ) ,  personnel  c o s t s  could range from 

$42 per  hour ( 1  a d m i n i s t r a t o r ,  1 teache r ,  and 1 techn ic i an )  t o  $173 

(2 admin i s t r a to r s ,  5 t eache r s  and 2 t echn ic i ans ) .  T o t a l  c o s t s  f o r  

t e l e v i s i o n  could range from $71 t o  $202 pe r  hour and from $48 t o  $179 

per  hour f o r  rad io .  This  e s t ima te  d ive rges  cons iderab ly  from p r o j e c t  

exper iences  and is a r e s u l t  of t h e  assumption of very  simple f a c i l i t i e s  

and equipment and a p o s s i b l e  underest imat ion of t i m e  i npu t  and s a l a r i e s .  

The high time inpu t  is es t imated  t o  be  55 hours .  Jamison w i t h  B e t t  

(1973) e s t i m a t e  ranges of 32 hours  t o  320 hours  of personnel  time f o r  

each hour of o r l g i n a l  b roadcas t ing .  The s a l a r y  estimates may be  changed 

f o r  d i f f e r e n t  c i rcumstances.  



The product ion c o s t s  f o r  t e l e v i s i o n  a r e  high.  The high c o s t s  a r e  

incur red  because of a  d e s i r e  f o r  l o c a l  c o n t r o l  of p rog raming .  The c o s t  

of t h i s  l o c a l  c o n t r o l  can be es t imated  by comparing the  product ion c o s t s  

of Table IV.2 wi th  program r e n t a l  charges .  A s  an example, f o r  t h e  

1974-75 school  yea r  the  Nat ional  I n s t r u c t i o n a l  Te lev is ion  Center (1974) 

was charging base r a t e s  of $32 per  15-minute program and $48.50 p e r  

30-minute program wi th  an a d d i t i o n a l  charge of $1.40 per  10,000 s t u d e n t s  

( i n  a l l  grades i n  the  d i s t r i c t ) .  This  charge a l lows  f o r  un l imi ted  viewing 

dur ing  a  week. Average hourly c o s t s  f o r  program r e n t a l s  would be $100. 

I t  would appear  t o  be u s e f u l  t o  i n v e s t i g a t e  a l t e r n a t i v e  program sou rces  

f o r  s u i t a b l e  courses  due t o  the  s i g n i f i c a n t l y  lower product ion c o s t s .  

Transmission 

Transmission system&ternativeg. There is a  wide v a r i e t y  of  t r a n s -  

mission systems p o s s i b l e  f o r  t e l e v i s i o n  and r ad io .  The t ransmiss ion  

system d e l i v e r s  t h e  s i g n a l  from t h e  broadcast  o r i g i n a t i o n  poin t  t o  

t h e  r ecep t ion  po in t .  I n  gene ra l ,  t ransmiss ion  systems have two major 

components. The t r a n s m i t t e r  feeds  t h e  s i g n a l  d i r e c t l y  t o  t h e  

r e c e i v e r s .  The in t e r connec t ion  component l i n k s  t he  t r a n s m i t t e r s  and 

t h e  broadcast  po in t .  

T ransmi t t e r s  inc lude  s a t e l l i t e s ,  a i r p l a n e s ,  a e r o s t a t s ,  t e r r e s t r i a l  

s t a t i o n s ,  and cab l e s .  The f i r s t  f ou r  a l t e r n a t i v e s  may be viewed a s  

a l t e r n a t i v e  means of i nc reas ing  t h e  a l t i t u d e  of t h e  t r a n s m i t t e r  t o  

provide a  l a r g e r  coverage a r ea  and reduce s i g n a l  i n t e r f e r e n c e  caused by 

high n a t u r a l  o r  man-made s t r u c t u r e s .  An a e r o s t a t ,  a s  used i n  Korea, 

i s  a  t e the red  he l ium-f i l l ed  ba l loon  wi th  aerodynamical l i f t .  T e r r e s t r i a l  

s t a t i o n s  r e l y  upon t r a n s m i t t e r  towers (2,000 f e e t  appear t o  be a  reason- 

a b l e  l i m i t  f o r  tower h e i g h t ) ,  which a r e  o f t e n  mounted on mountain t ops  

o r  high bu i ld ings  t o  i n c r e a s e  t h e  coverage. These fou r  choices  a l l  

involve  open c i r c u i t  t ransmiss ion  of t he  s i g n a l .  The frequency of  t h e  

s i g n a l  may n o t  be t h e  same a s  t h e  frequency received by s t anda rd  r e c e i v e r s ,  - 
and frequency conve r t e r s  may be necessary  a t  t he  r ecep t ion  po in t s .  Th i s  

system can l i m i t  a cces s  t o  the  broadcast  by r a i s i n g  t h e  p r i c e  of  recep- 
-. 

t i o n .  S a t e l l i t e  t ransmiss ion  is t y p i c a l l y  a t  h ighe r  f requenc ies  than i s  



s tandard  f o r  r ece ive r s .  The Stanford ITV system d e l i b e r a t e l v  broddcasts  

a t  a  high frequency from t h e i r  mountain-based t e r r e s t r i a l  s t a t i o n  t o  

l i m i t  access .  Cables a r e  e x c e l l e n t  means of l i m i t i n g  acces s  t o  t h e  

programs and providing a  h igher  q u a l i t y  s i g n a l  by e l imina t ing  many of  

t h e  causes  of i n t e r f e r e n c e .  

In te rconnec tors  i nc lude  s a t e l l i t e s ,  a i r p l a n e s ,  a e r o s t a t s ,  microwave 

r e l a y s ,  and videotape shipment. Many combinations a r e  pos s ib l e  among 

t r a n s m i t t e r s  and in t e r connec to r s  t o  form t ransmiss ion  systems ( c l e a r l y  

some of t h e  combinations a r e  s e n s e l e s s ) .  A s  an example, t e r r e s t r i a l  

s t a t i o n s  may be connected by any of the  i n t e r connec to r  op t ions  whi le  

s a t e l l i t e s  when used a s  t r a n s m i t t e r s  would no t  r e q u i r e  any in t e r connec to r .  

Some of t he  important f a c t o r s  which a f f e c t  t h e  c o s t  and choice  

of t h e  t ransmiss ion  system are: q u a l i t y  of s i g n a l ,  r a t i o  of  r e c e i v e r s  

t o  popula t ion ,  percentage of populat ion covered, popula t ion  d e n s i t y ,  

a r e a ,  t e r r a i n ,  e x i s t i n g  t ransmiss ion  f a c i l i t i e s ,  type of educa t iona l  

f a c i l i t i e s ,  and o t h e r  telecommunication needs of t h e  country.  Butman 

(1972) r e p o r t s  t h a t  Grade A coverage (high q u a l i t y  s i g n a l )  w i l l  be 

t h r e e  t imes a s  expensive a s  Grade B coverage (moderate q u a l i t y  s i g n a l ) .  

Rathjens (1973) r e p o r t s  much h igher  percentage c o s t  i n c r e a s e s  t o  cover  

low populat ion dens i ty  a r e a s  of B r a z i l  and Ind i a  w i th  t e r r e s t r i a l  

t r a n s m i t t e r s  and microwave r e l a y s  than wi th  s a t e l l i t e  t r a n s m i t t e r s .  

Te r r a in  seems t o  a f f e c t  the  choice  i n  Korea a s  a e r o s t a t s  a t  a l t i t u d e s  

of 10,000 f e e t  provide Grade B coverage f o r  a  r a d i u s  of 90 mi l e s  wh i l e  

Butman (1972) d i s cus se s  a  r ad ius  of  70 m i l e s  ob ta ined  wi th  a  1 , 0 0 0 f o o t  

tower. 

Basic c o s t  information.  We w i l l  not  a t tempt  t o  provide a  d e t a i l e d  -- 
d i scus s ion  of t he  c o s t s  o f  each t r a n s m i t t e r  and in t e r connec to r  o r  an 

e s t ima te  of t he  s e n s i t i v i t y  of  c o s t s  t o  each of t he  f a c t o r s  mentioned 

above. However, we  w i l l  provide some b a s i c  c o s t  information f o r  some 

of t h e  choices  and then d i s c u s s  r e s u l t s  of op t imiza t ion  and t r adeo f f  

s t u d i e s  of t ransmission systems f o r  s p e c i f i c  a p p l i c a t i o n s .  

When s a t e l l i t e s  a r e  used a s  t r a n s m i t t e r s  ( d i r e c t  broadcast  s a t e l l i t e s )  

t h e  s a t e l l i t e  cos t  is s i g n i f i c a n t l y  h igher  than the  i n s t a n c e  when 

satell i tes a r e  used a s  i n t e r c o m e c t o r s .  The h igher  c o s t  of t h e  s a t e l l i t e  



is  a t t r i b u t e d  t o  the  higher  power output  requi red  t o  broadcast d i r e c t l y  

t o  s tandard r e c e i v e r s .  For India ,  Butman, Rathjens.  cind Warren (1973)  

estimated a cos t  of $25 mi l l i on  d o l l a r s  f o r  a d i r e c t  broadcast satellite 

and $12 mi l l i on  d o l l a r s  f o r  a s a t e l l i t e  used as an in te rconnector .  Even 

though the  d i r e c t  broadcast s a t e l l i t e  has higher  power, s p e c i a l  

equipment i s  necessary a t  each recept ion  point  t o  amplify the  s i g n a l  

and t o  modulate t he  frequency of t he  s i g n a l .  The ASCEND (1967) s tudy  

est imated a cos t  of $300 f o r  t h i s  equipment. Butman e t  a l .  used the  

same e s t ima te  although they mentioned t h a t  c o s t s  f o r  t h i s  equipment 

i n  Ind ia  appeared t o  be i n  the range of $250-$675. 

In  Korea, t h e  c a p i t a l  c o s t s  i n  1975 f o r  the  a e r o s t a t  system 

i n s t a l l a t i o n  a r e  est imated t o  be: 

Aeros ta t s  (2) $2.16 m i l l i o n ;  

Te lev is ion  Transmi t te rs  (4) $1.48 m i l l i o n ;  

Radio Transmi t te rs  (2) $ .4 mi l l i on ;  

Telemetry Command (2 $1.37 mi l l i on  ; and 

Miscellaneous $1.10 mi l l i on .  

It i s  i n t e r e s t i n g  t o  no te  t h a t  the Koreans e s t ima te  t h a t  a d u p l i c a t e  

system would cos t  75% more i n  1976. The o t h e r  i n t e r e s t i n g  po in t  t o  

note  is t h a t  t e l e v i s i o n  t r a n s m i t t e r s  cos t  n e a r l y  twice as much a s  r ad io  

t r a n s m i t t e r s  f o r  t he  same coverage a rea .  

This  r e l a t i o n s h i p  between c o s t s  of rad io  and t e l e v i s i o n  coverage 

a l s o  appears  a t  lower power ranges. Jamison with Be t t  (1973) repor ted  

p r i c e s  of $5,000 f o r  a 5-watt TV t r a n s m i t t e r  and $2,500 f o r  a 10-watt 

FM r ad io  t r a n s m i t t e r .  In  combination with a 100'  antenna cos t ing  

$6,000, the  l i n e  of  s i g h t  is  10  mi les .  

There a r e  many v a r i a t i o n s  i n  c o s t s  of t e r r e s t r i a l  t r a n s m i t t e r s .  

For a four-channel t e l e v i s i o n  system, Stanford inves ted  $134,000 f o r  

a 10-watt t r a n s m i t t e r  on top of a 2,000-foot mountain, which covers  

ha l f  a c i r c l e  of 25-mile r ad ius  wi th  only 7 wa t t s  and uses  d i r e c t i o n a l  

beams of 1 wat t  t o  reach 50 mi les .  This  t ransmiss ion  i s  a very high 

frequency and each recept ion  po in t  r e q u i r e s  s p e c i a l  front-end equipment 



(antenna and converter)  cos t ing  $1,350. For o t h e r  t e r r e s t r i a l  t rans-  

m i t t e r s ,  Bourret (1973) r epor t s  t h a t  the  VERTA pro jec t  i n  the  

Ph i l ipp ines  was ab le  t o  purchase a 5-kilowatt t r a n s m i t t e r  and antenna 

f o r  $40,000 and can cover an area  with a 50-mile radius .  

The Hagerstown t e l e v i s i o n  system i s  unique i n  the  u t i l i z a t i o n  of 

a dedicated six-channel cable system t o  t ransmi t  t o  45 schools i n  a 

268-square m i l e , a r e a  from the  c e n t r a l  s tud io .  The cable  is leased  

and c o s t s  $164,000 per  year.  

Microwave r e l a y s  a r e  a frequent  choice f o r  an in terconnector  device. 

Butman (1972) est imated a cos t  of $4,000 per  mile f o r  a microwave re l ay  

i n  India.  Butman a l s o  reported t h a t  a system i n  Ethiopia cos t  $6,000 

per  mile.  Sovereign (1968) assumed t h a t  t e r r e s t r i a l  t r a n s m i t t e r s  would 

be 30 miles  apa r t  and t h a t  a one channel t e l e v i s i o n  system would c o s t  

$1,733 per m i l e ,  a two-channel system $2,177 per mile ,  and a four-channel 

system $2,950 per  mi le  f o r  the  microwave re l ay .  Hundreds of audio channels 

can be c a r r i e d  a s  an a l t e r n a t i v e  t o  one t e l e v i s i o n  channel. 

For s a t e l l i t e  in terconnectors ,  Butman, Rathjens, and Warren (1973) 

est imated a cos t  of $12 mi l l ion  f o r  India.  However, each t r ansmi t t e r  

would requi re  an add i t iona l  $150,000 i n  equipment t o  rece ive  the s i g n a l  

from the  s a t e l l i t e .  Janky, Po t t e r ,  and Lusignan (unpub. ) analyzed the  

following tradeoff  cos t s  between transponder power and t r ansmi t t e r  

rece ive  antennas f o r  a t h r e e  s a t e l l i t e - s i x  transponder conf igura t ion:  

Capi ta l  Cost Transponder Antenna 
Per Transponder Power Cost 

n. a .  5 wa t t s  $66,000 

$4.9 mi l l ion  20 wa t t s  $ 9,300 

$9.6 mi l l ion  50 wat ts  $ 5,800 

These da ta  al low one t o  determine the number of t r a n s m i t t e r  s i t e s  

necessary t o  j u s t i f y  add i t iona l  expense on the s a t e l l i t e .  This is  one 

type of t radeoff  dec is ion  which can be undertaken i n  minimizing t rans-  

mission system cos t .  Other dec is ions  a r e  discussed i n  the  next  sec t ion .  

Optimization and t r adeof f s .  It was mentioned e a r l i e r  i n  the  sec t ion  

on transmission t h a t  e x i s t i n g  transmission f a c i l i t i e s  may determine the  

choice. For example, Radioprimaria is charged $14.40 per hour f o r  radio 



f a c i l i t i e s  t h a t  a r e  underut i l ized  during daylight  hours. Mayo, McAnany, 

and Klees (1973) reported a cos t  of $2,100,000 f o r  a one-channel 

t e l ev i s ion  transmission system to  cover a 100,000 square mile area  

i n  Mexico. However, they a l s o  reported tha t  charges from commercial 

s t a t i o n s  would be $318 per hour f o r  t h e  same a rea  and $1,944 f o r  a 

767,000 square mi le  a rea  ( the  e n t i r e  country).  Assuming a 10-year 

l i f e  a t  a 7.5% i n t e r e s t  r a t e  f o r  t h e  transmission system used i n  

education, t h e  education system should only build i ts  own system i f  

broadcast exceeds 964 hours per year.  

An i n t e r e s t i n g  example of optimizat ion can be discussed by examining 

t h e  Hagerstown system. Assuming a 20-year l i f e  a t  a 7.5% i n t e r e s t  r a t e  

f o r  the  cable ,  the  t o t a l  c a p i t a l  cos t  would be $1.68 mil l ion.  This  cos t  

is f o r  a transmission system t o  cover an a rea  with a r a d i u s  of 10-15 

miles. According t o  Jamison with Bett (1973) low-power t r ansmi t t e r s  

t o  cover t h e  same a rea  with six channels would cos t  approximately 

$50,000. However, t h e  cab le  choice, while more c o s t l y ,  may s t i l l  be 

necessary when severa l  channels a r e  des i red  and t h e  open c i r c u i t  

frequency band i s  crowded. The Hagerstown system was begun i n  1956. 

Technology has changed s ince  then. The Stanford ITV system, begun i n  

1969, u t i l i z e s  open c i r c u i t  broadcast on very high frequencies and 

avoids t h e  open c i r c u i t  in t e r fe rence  problem. A four-channel system 

f o r  Hagerstown would cos t  $134,000 f o r  t h e  t r ansmi t t e r ,  $200,000 f o r  a 

2,0001foot tower (Butman, 1972), and $60,750 f o r  antennas and conver ters  

f o r  t h e  45 schools. This  is a s i g n i f i c a n t l y  lower investment than fo r  t h e  

cable  system. 

I n  a more general optimizat ion ana lys i s ,  Butman (1972) reported 

c o s t s  f o r  d i f f e r e n t  he ights  of t r ansmi t t e r  towers and t ransmit ter  power 

and found t h a t  t h e  minimum c o s t s  would occur using a 1,000-foot tower 

and a t r ansmi t t e r  of s u f f i c i e n t  power t o  reach an a rea  with a 70-mile 

radius .  This  coverage could be obtained f o r  $35 per square mile when - 
grade B coverage i s  required. 

A t radeoff  t h a t  i s  o f t e n  analyzed i n  s a t e l l i t e  f e a s i b i l i t y  s t u d i e s  
- 

is between d i r e c t  broadcast s a t e l l i t e s  @), t e r r e s t r i a l  t r ansmi t t e r s  . 
with s a t e l l i t e  interconnector  ( R ) ,  and t e r r e s t r i a l  t r ansmi t t e r  with 

microwave interconnector  (T). I n  analyzing these  t r adeof f s  Rathjens - 

(1973) used t h e  following assumptions regarding c o s t s :  



T e r r e s t r i a l  Transmit ter  

Receiver f o r  rebroadcast  from 
s a t e l l i t e  in te rconnector  

Front-end augmentation f o r  
classroom rece ive r  from 
s a t e l l i t e  t r a n s m i t t e r  

Low-power s a t e l l i t e  
( in te rconnector )  

High-power s a t e l l i t e  
( t r a n s m i t t e r )  

Microwave r e l ay  

$25,000,000; and 

$4,00O/mile. 

The c a p i t a l  cos t  assoc ia ted  wi th  the  t e r r e s t r i a l  t r a n s m i t t e r  covering 

an a r e a  of approximately 10,000 squake miles  i s  derived from Butman's 

(1972) opt imiza t ion  a n a l y s i s .  Assuming t h a t  the t e r r e s t r i a l  t r a n s m i t t e r s  

a r e  100 mi les  a p a r t ,  Rathjens derived the  following equat ions  f o r  t h e  

c a p i t a l  c o s t s  of t h e  th ree  a l t e r n a t i v e s :  

Direct  Broadcast S a t e l l i t e  

C~ 
= 250N + 25,000,000 

where N is  t h e  number of r ece ive r s ;  

T e r r e s t r i a l  Transmit ter  wi th  S a t e l l i t e  Relay 

C~ 
= 65A + 12,000,000 

where A is  the  t o t a l  a r e a  t o  be covered; 

T e r r e s t r i a l  Transmit ter  wi th  Microwave Relay 

C~ 
= 90A - 400,000 . 

The t r a d e o f f s  among the  t h r e e  systems f o r  d i f f e r e n t  a r e a s  and 

number of r ece ive r s  a r e  shown i n  Figure I V . l .  The f i g u r e  r evea l s  t h e  

combinations of a rea  s i z e  and number of r ece ive r s  f o r  which each system 

i s  optimal.  The s o l i d  l i n e s  d iv id ing  the  t h r e e  a r e a s  a r e  t h e  locus  of 

po in t s  of equal cos t .  Superimposed upon t h i s  f i g u r e ,  Rathjens has shown 

the  optimal systems f o r  varying population coverage i n  India ,  B r a z i l ,  

and Ethiopia.  With an assumption of one r e c e i v e r  per 1,000 people 

the  d i r e c t  broadcast  s a t e l l i t e  is never an optimal choice i n  Ind ia .  
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The t e r r e s t r i a l  t r a n s m i t t e r  wi th  microwave r e l a y  is opt imal  up t o  

t h e  p o i n t  of covering approximately 60% of t h e  populat ion.  For h igher  

coverage, t h e  t e r r e s t r i a l  t r a n s m i t t e r  wi th  s a t e l l i t e  r e l a y  system 

becomes opt imal  . 

Rec ep t ion 

The main components of r ecep t ion  c o s t s  inc lude :  r e c e i v e r s  and 

r e l a t e d  equipment such as antennas and c a b l e ;  power supp l i e s ;  and 

p r i n t e d  support  m a t e r i a l s .  

Receivers .  There i s  a wide v a r i e t y  of r e c e i v e r s  a v a i l a b l e  f o r  

t e l e v i s i o n  and r a d i o  s i g n a l s .  I n  choosing a  r e c e i v e r ,  cons ide ra t i on  

must be given t o  maintenance requirements ,  r ecep t ion  q u a l i t y ,  and power 

requirements .  

Receivers  f o r  rad io  a r e  less expensive than t e l e v i s i o n  r e c e i v e r s .  

Jamison with Bett (1973) use  a  f i g u r e  of $10 per  set f o r  r ad io  (AM 

r ecep t ion  only)  and $200 pe r  set f o r  a  23" b lack  and wh i t e  t e l e v i s i o n  

r ece ive r .  

Consumer Reports (1975) provided an i n t e r e s t i n g  comparison o f  AM/FM 

r e c e i v e r s  i n  the  range of $25-$60 ( l i s t  p r i c e  i n  t h e  U.S. i n  1975).  Th i s  

comparison g ives  some i n d i c a t i o n  o f  t h e  r e l a t i o n s h i p  between i n i t i a l  

p r i c e ,  b a t t e r y  l i f e ,  and t h r e e  impartant  design c h a r a c t e r i s t i c s :  tone  

q u a l i t y ,  s e n s i t i v i t y  ( a b i l i t y  t o  p i ck  up a  weak s i g n a l ) ,  and s e l e c t i v i t y  

( a b i l i t y  t o  r ece ive  a  s t a t i o n  without  i n t e r f e r e n c e  from another  s t a t i o n ) .  

S e n s i t i v i t y  is  impor tan t ,  a s  a  t r a d e  o f f  e x i s t s  between t r a n s m i t t e r  

power and r e c e i v e r  s e n s i t i v i t y .  I n  planning a p r o j e c t  and a t tempt ing  

t o  promote use of t he  program, i t  may be d e s i r a b l e  t o  use a  t r a n s m i t t e r  

wi th  h ighe r  power t o  induce t he  purchase of lower-cost r e c e i v e r s  w i th  

lower s e n s i t i v i t y .  S e l e c t i v i t y  is important i n  areas wi th  m u l t i p l e  

channel b roadcas t ing  on c l o s e l y  spaced f requenc ies .  

The genera l  c h a r a c t e r i s t i c s  o f  t h e  r a d i o  r e c e i v e r s  t e s t e d  by 

Consumer Reports  a r e :  l i t t l e  va r i ance  in AM s e n s i t i v i t y  and increased  

FM s e n s i t i v i t y ,  AM and FM s e l e c t i v i t y ,  and tone  q u a l i t y  w i th  p r i c e .  

A l l  models used four  C-size b a t t e r i e s .  The b a t t e r y  l i f e  w a s  t e s t e d  by 

p lay ing  t h e  r ad io  f o r  four  hours  p e r  day at high volume (cond i t i ons  



t h a t  would be s i m i l a r  t o  classroom use) .  The b a t t e r i e s ,  which h a w  a 

replacement cos t  of approximately $1.00 f o r  four  b a t t e r i e s ,  l a s t e d  from 

e i x  t o  twenty-four days.  

Assuming a  5-year l i f e  f o r  r a d i o s ,  a  $60 r a d i o  would have an 

annual  c o s t  of  $14.82 ( a t  7.5% i n t e r e s t ) .  Annual c o s t s  f o r  b a t t e r i e s  

would be $12.00 assuming four  hours pe r  day f o r  240 days,  a  20-day 

b a t t e r y  l i f e ,  and a  replacement cos t  of $1. From the  Table  IV.3, one can 

see  t h a t  a  r educ t ion  i n  p r i c e  w i l l  reduce some dimension of  r ece ive r  

q u a l i t y .  The p r i c e  of r a d i o s  i n  t h i s  a n a l y s i s  i s  h igher  than t h e  p r i c e  

connnonly used i n  ana lyses  f o r  developing c o u n t r i e s ,  a s  t he se  c o u n t r i e s  

o f t e n  use  sets which r ece ive  AM f requenc ies  only.  In  choosing an 

AM r e c e i v e r ,  t h e  same cons ide ra t i on  should be given t o  b a t t e r y  l i f e ,  

tone q u a l i t y ,  s e l e c t i v i t y  and s e n s i t i v i t y  a s  t h e  comparison presen ted  

i n  Table I V .  3. 

Te lev is ion  r e c e i v e r s  can be expected t o  cos t  n e a r l y  t e n  times a s  

much as r a d i o  r ece ive r s .  Bourret (1973) and Jamison wi th  Bet t  (1973) 

use f i g u r e s  of $200 f o r  a  23" b lack  and white  t e l e v i s i o n  s e t .  Hagerstown 

(see  Chapter IX) has  been paying an average p r i c e  of $150 per  set. I n  

t h e  Ivory  Coast ,  t h e  p r i c e  has  been approximately $320. This  p r i c e  

may r e f l e c t  a  discount  from l ist  p r i c e s .  L i s t  p r i c e s  a r e  repor ted  

f o r  t e l e v i s i o n  r e c e i v e r s  a s  f o r  most o t h e r  equipment. R e t a i l  d i s coun t s  

of 10-20% a r e  no t  uncommon and one might expect d i s coun t s  on quan t i t y  

purchasing d i r e c t l y  from manufacturers .  

Fac to r s  t h a t  a r e  of  importance i n  choosing a  t e l e v i s i o n  r e c e i v e r  

a r e  p i c t u r e  s i z e ,  s e t  e l e c t r o n i c s ,  and maintenance. S e n s i t i v i t y  f o r  

r ecep t ion  can be  in f luenced  by choice of antennas.  Antennas have c o s t  

approximately $320 i n  t h e  Ivory Coast. Jamison wi th  Bet t  (1973) 

e s t i m a t e  a  c o s t  of $660 f o r  an antenna,  mount, a m p l i f i e r ,  conve r t e r ,  

and cab le .  For t he  Stanford ITV p r o j e c t  ( s ee  Chapter V I I I  ), c o s t s  

f o r  t h e  antenna,  a m p l i f i e r ,  frequency conve r t e r ,  and cab le  have 

been $1,350. Costs a r e  h igher  f o r  t h e  l a t t e r  two examples a s  addi-  

t i o n a l  equipment is needed t o  amplify t h e  s i g n a l  and convert  t h e  s i g n a l  

t o  f r equenc i e s  used by s tandard  t e l e v i s i o n  r e c e i v e r s .  P r i c e s  vary  



TABLE I V .  3 

AM/FM RADIOS : PRICE, QUALITY, AND BATTERY LIFE 

FM FM AM AM 

Model 
Tone Ba t tg ry  pr icea  Senai- Selec- Senai- Selec- Pllality Life 

t i v i t y  t i v i t y  t i v i t y  t i v i t y  

Panasonic RF900 $60 VG G 

Sony TE'M7250W $45 G VG 

Penneys 1860 $50 G F 

H i t ach i  KH1047H $50 F VG 

Sears  22696 $25 P-F G 

Magnavox RD3035 $45 F P -F 

J u l i e t t e  FPR1286 $40 P-F F 

Lloyds NN8296 $30 P-F F 

La faye t t e  1702349L $28 P-F P-F 

Soundesign 2298 $29 F P-F 

F 

F-G 

F 

F-G 

F 

G 

G 

F 

F 

F 

Source: Consumer Reports ,  J u l y ,  1975, p. 438-439. 

Key : P - Poor,  F - F a i r ,  G - ~ o o d ,  VG - Very ~ d o d .  

%ist p r i c e  i n  1975 U.  S. D o l l a r s  

b ~ i f e  ( i n  days)  of fou r  C-type b a t t e r i e s  when set is opera ted  f o r  
fou r  hours  per  day a t  h igh  volume 



with p i c t u r e  s i z e .  For example, Panasonic has the following l i s t  p r i c e s  

f o r  black and white,  s o l i d  s t a t e  r ece ive r s :  $95--9-inch screen;  $loo-- 

12-inch sc reen ;  $150--16-inch screen;  and $160--19-inch screen.  These 

a r e  r e p r e s e n t a t i v e  of  i ndus t ry  p r i c e s .  

The dec i s ion  whether t o  use a set with a s o l i d  s t a t e  c i r c u i t  o r  

one with heavy r e l i a n c e  on tubes  has important impl ica t ions .  A t  p resent  

a tube s e t  w i l l  c o s t  approximately 30% less than an equ iva l en t ly  s i zed  

s o l i d  s t a t e  set. Through the  use of p r i n t e d ,  modular c i r c u i t s ,  a 

s o l i d  s t a t e  set w i l l  be e a s i e r  t o  amintain.  I n  a r e a s  where a l t e r n a t i v e s  

t o  mainl ine power must be sought ,  the  f a c t  t h a t  a s o l i d  s t a t e  set r e q u i r e s  

60% of t he  power necessary t o  ope ra t e  a tube set can be important.  A 

19-inch s o l i d  s t a t e  set r e q u i r e s  54-60 w a t t s  whereas a tube set would 

r e q u i r e  95-100 wat t s .  However, a s o l i d  s t a t e  s e t  is much more s e n s i t i v e  

t o  f l u c t u a t i o n s  i n  l i n e  vo l t age .  A s o l i d  s t a t e  set,  while r equ i r ing  

l e s s  power and being more e a s i l y  maintained,  has  a h igher  purchase p r i c e  

and w i l l  r e q u i r e  more expensive equipment f o r  vo l tage  r egu la t ion  than a 

tube set. 

The power requirements could be s u b s t a n t i a l l y  reduced by using a 

s e t  wi th  a smal le r  p i c t u r e  tube.  A 9-inch s o l i d  s t a t e  set would r e q u i r e  

only  32 wa t t s .  Panasonic produces a po r t ab l e  t e l e v i s i o n  r ece ive r  w i th  

a 5-inch tube and an AMjFM r ad io  f o r  $200. The t e l e v i s i o n  and r ad io  a r e  

operated by a rechargeable 12-volt  b a t t e r y  which has a l i f e  of 500 hours 

and ope ra t e s  f o r  5 .5  hours between charges.  However, small  tubes a r e  

t o t a l l y  unsu i t ab l e  f o r  r egu la r  classroom viewing. 

Power sources .  Many a r e a s  of  developing coun t r i e s  r ece ive  no 

e l e c t r i c a l  power from mainl ine sources.  For t hese  c o m u n i t i e s ,  a l t e rna -  

t i v e  power sources  must be found i f  t e l e v i s i o n  r e c e i v e r s  a r e  t o  be used. 

Radio r e c e i v e r s  a r e  more r e a d i l y  a v a i l a b l e  f o r  b a t t e r y  opera t ion .  However, 

i f  a power source i s  a v a i l a b l e ,  i t  i s  p r e f e r a b l e  t o  have adaptable  

r e c e i v e r s ,  a s  b a t t e r y  ope ra t ion  tends t o  be expensive and r a d i o s  have 

a low wat t  requirement.  I n  t he  Ivory Coast,  b a t t e r i e s  used t o  provide 

power f o r  a simple t e l e v i s i o n  cos t  approximately $500 and l a s t  f o r  

2,000 hours; t h i s  is about 60 t imes a s  expensive a s  mainl ine power, 



c l e a r l y  an expensive method of ope ra t ing  t e l e v i s i o n  r ece ive r s .  Jamison 

with Bett  (1973) suggest t he  p o s s i b i l i t y  of s tandardiz ing  motor veh ic l e  

b a t t e r i e s  and using the veh ic l e  t o  recharge b a t t e r i e s .  

There a r e  seve ra l  a l t e r n a t i v e  power sources t h a t  may be considered 

f o r  providing power i n  l o c a l  communities. Rao and Manjunath (1972) 

inves t iga t ed  s o l a r  c e l l s ,  thermoelec t r ic  genera tors ,  f u e l  c e l l s ,  wind 

power genera tors ,  water power genera tors ,  manual power genera tors ,  

animal power genera tors ,  e l e c t r i c a l  power l i n e s ,  engine genera tors ,  and 

closed cycle  vapor turbogenerators i n  an a n a l y s i s  of power sources f o r  

v i l l a g e s  i n  India .  They dismies the  f i r s t  t h ree  a l t e r n a t i v e s  a s  

imprac t ica l  due t o  high c o s t ,  and the  next  fou r  a l t e r n a t i v e s  a s  

imprac t ica l  due t o  lack  of r e l i a b i l i t y .  Thei r  cos t  a n a l y s i s  i s  

concentrated on power l i n e s ,  engine genera tors  (gasol ine ,  d i e s e l ,  and 

kerosene) ,  and vapor turbogenerators .  

Ayrom (1975) discussed chemical c e l l s ,  s o l a r  c e l l s ,  thermoelec t r ic  

genera tors ,  wind power genera tors ,  vapor turbogenerators ,  and d i e s e l  

genera tors  f o r  recept ion  po in t s  i n  I r a n .  He concentrated h i s  a n a l y s i s  

on vapor turbogenerators  and d i e s e l  genera tors ,  a s  t h e  o the r  choices 

were assumed t o  be imprac t ica l .  

Jamison with Bett  (1973) analyzed c o s t s  of power derived from power- 

l i n e s ,  gasol ine  genera tors ,  wind power genera tors ,  manual power genera tors ,  

and animal power generators .  

Important f a c t o r s  i n  the  choice of a power source are :  power 

requirements,  c a p i t a l  c o s t ,  l i f e  of source,  maintenance expense, and 

r e l i a b i l i t y  of power source. D i f f e ren t  ana lyses  have made d i f f e r e n t  

assumptions regarding power requirements.  Rao =d Manjunath (1972) 

assumed a need f o r  170 wat t s  t o  run a 65-watt t e l e v i s i o n  r ece ive r ,  a 

5-watt f ron t  end conver te r ,  and i l l umina t ion  of 100 wat t s .  Ayrom (1975) 

assumed a continuous power need of 980 wat t s  f o r  four  215-watt r ad io  

r ece ive r s  (a high es t imate)  and 120 wat t s  f o r  o t h e r  equipment, and an 

i n t e r m i t t e n t  need of 480 wat t s  f o r  i l luminat ion  and 3,000 wa t t s  f o r  

a i r  condi t ioning .  Jamison wi th  Bet t  (1973) assumed 115 wa t t s  f o r  

equipment cons i s t ing  of two 40-watt t e l e v i s i o n  r e c e i v e r s ,  f o r t y  .2-watt 



r ad io  r e c e i v e r s ,  a 5-watt  r ad io  r e c e i v e r ,  a l O r a t t  f r o n t  end conve r t e r ,  

and twelve 1-watt d i s c  p l aye r s .  They a l s o  considered 200 w a t t s  f o r  a 

minimum l i g h t i n g  package and 800 w a t t s  f o r  an adequate l i g h t i n g  package. 

it seems reasonable  t o  assume t h a t  a need fo r  500 t o  1,000 w a t t s  of 

power might be  expected. When l o c a l  power-generating equipment i s  

used i t  may be d e s i r e d  t o  provide power f o r  t he  r e c e i v e r s  only.  This  

would s i g n i f i c a n t l y  reduce t he  power requirement.  

Cap i t a l  c o s t s  vary g r e a t l y  f o r  d i f f e r e n t  types of equipment. For 

gene ra to r s  d e l i v e r i n g  the  same amount of  power ( 3  k i l o w a t t s )  Rao and 

Manjunath es t imated  c a p i t a l  c o s t s  of $675 f o r  a d i e s e l  engine gene ra to r ,  

$400 f o r  a kerosene engine gene ra to r ,  $475 f o r  a ga so l ine  engine 

gene ra to r ,  and approximately $3,000 f o r  a turbo-engine genera tor .  

Cap i t a l  c o s t s  a l s o  vary by country.  Ayrom (1975) es t imated  a c a p i t a l  

cos t  of $3,000 f o r  a 2-5 k i l o w a t t  d i e s e l  genera tor  and $10-12,000 f o r  

a s i m i l a r l y  powerful turbo-engine genera tor  f o r  I ran .  While turbo- 

gene ra to r s  have h igher  i n i t i a l  c o s t s ,  Ayrom (1975) and Rao and Manjunath 

(1972) c la im s u b s t a n t i a l l y  longer  l i v e s  (20 yea r s  f o r  a turbogenerator ,  

1 yea r  f o r  a ga so l ine  gene ra to r ) ,  and lower maintenance (115 of  t he  

maintenance requi red  f o r  d i e s e l  gene ra to r s ) .  

R e l i a b i l i t y  of  power source is determined by f u e l  a v a i l a b i l i t y  f o r  

ga so l ine ,  d i e s e l ,  and kerosene engine genera tors .  Pedal genera tors  

depend upon a v a i l a b i l i t y  of  manpower. Wind is necessary  f o r  wind power 

gene ra to r s .  The u n r e l i a b i l i t y  of wind i n  I r a n  and Ind i a  e l imina ted  t h i s  

a l t e r n a t i v e  from d i scus s ion .  For example, wind gene ra to r s  commonly need 

winds o f  20-25 miles per  hour t o  reach f u l l  c apac i ty .  

A f i n a l  important cons ide ra t i on  is a means of s t o r i n g  power 

developed by the  source.  Ca r t e r  (1975) r e p o r t s  on t h e  use  of  t r u c k  

b a t t e r i e s  f o r  s t o r a g e  and e s t i m a t e s  t h a t  10 f u l l y  charged b a t t e r i e s  a t  

a c o s t  of approximately $1,000 would d e l i v e r  65 ki lowatt-hours  of power 

(enough power f o r  a school  f o r  4 t o  5 days) .  The b a t t e r i e s  used f o r  

t e l e v i s i o n  r e c e i v e r s  i n  t h e  Ivory Coast s t o r e  approximately 100 k i lowa t t -  - 
hours  and c o s t  $500. However, t o  charge t he se  b a t t e r i e s ,  a wind of 

20-25 m.p.h. would have t o  occur  f o r  30 hours  i f  one were us ing  t h e  
- 

2,500-watt Dun l i t e  windmill, which c o s t s  over  $6,000. 



Table IV.4 provides  a  summary of c o s t s  and requirements  of a l t e r n a -  

t i v e  power systems. The fol lowing information i s  provided i n  the  t a b l e :  

type o f  power source ,  c a p i t a l  c o s t ,  l i f e t i m e  of equipment, maintenance 

c o s t s  f o r  1,000 hours  of ope ra t i on ,  f u e l  c o s t s  per hour of ope ra t i on ,  

and annual c o s t s .  Annual c o s t s  a r e  der ived by c a l c u l a t i n g  annual ized 

va lues  of c a p i t a l  eq'uipment and assuming a  need f o r  3,750 ki lowatt-hours  

per  yea r  (1 .5  k i l o w a t t s ,  1 0  hours  per  day, f o r  250 days) .  

From Table IV.4, t h e  b e s t  choice would appear t o  be tu rbogenera tors  

when more than 3 miles of power l i n e  a r e  necessary  (assuming a  c o s t  of  

$.05 per  ki lowatt-hour  f o r  powerline e l e c t r i c i t y ) .  Turbogenerators  have 

longer  l i v e s  and r e q u i r e  less maintenance than a l t e r n a t i v e  genera tor  

sources .  An a d d i t i o n a l  advantage t o  the  tu rbogenera tors  i s  t h a t  any 

type of l i q u e f i e d  petroleum-based f u e l  may be used. Using d i e s e l  f u e l ,  

assuming t h e  use of  a  1,000-gallon s to rage  tank ( a  one-year f u e l  supply) ,  

and adding i n s t a l l a t i o n  c o s t s  of $1,000 (annual ized over  a  2-year p e r i o d ) ,  

the turbo-generator would c o s t  approximately $1,100 per  year .  The wind 

genera tor  would be  cheaper but p o t e n t i a l l y  u n r e l i a b l e  i n  some a reas .  

The power c o s t s  have been es t imated  f o r  a  very high u t i l i z a t i o n  r a t e  

of 2,500 hours pe r  year  and 1 . 5  k i l o w a t t s  per  hour.  A more r e a l i s t i c  

e s t ima te  may be t o  assume a  7-hour day, 200-day school year  f o r  a  t o t a l  

of 1 ,400 hours.  Energy demands may be f o r  only . 5  o r  1 . 0  k i l o w a t t s  per  

hour.  Table IV.5 g ives  annual c o s t s  f o r  a few of t h e  power sources  f o r  

d i f f e r e n t  demand requirements.  Assuming t h a t  the  placement of a  powerline 

i s  un feas ib l e ,  t h e  turbogenerator  remains t he  opt imal  choice f o r  l o c a l  

power genera t ion .  The c o s t s  range from $800 f o r  a  low u t i l i z a t i o n  of 

500 wa t t s  per  hour f o r  1 ,400 hours  per  year  t o  $1,100 f o r  1 ,500 w a t t s  

per hour f o r  2,500 hours per  yea r .  

P r in t ed  ma te r i a l .  An important f r a c t i o n  of the  c o s t  of i n s t r u c t i o n a l  

r ad io  o r  t e l e v i s i o n  systems can be i n  t h e  provis ion  of t he  accompanying 

p r i n t e d  ma te r i a l .  Est imates  of t he  c o s t  of p r i n t i n g  a  high-qual i ty  

hardbound book and work-book q u a l i t y  m a t e r i a l  a r e  provided. We s t r e s s  

t h a t  the  e s t ima te s  i n  t h i s  s e c t i o n  are f o r  t he  purpose of g e t t i n g  a 

genera l  p i c t u r e  of what c o s t s  a r e  pos s ib l e :  a n a l y s i s  f o r  any p a r t i c u l a r  

country would need t o  look i n  d e t a i l  a t  l o c a l  c o s t s  and o p p o r t u n i t i e s .  



TABLE I V  .4 

ALTERNATIVE POWER SOURCES 

Power 
Type 

Maintenance a 
Output Capi ta l  ,.if et ime Fuel Costs Annual 

( i n  wat ts )  Cost (per (per hour) c o s t b  
1000 hours) 

Remarks 

Gasoline 
Power= 

Honda 35 0 $300 5000 hrs .  $130 

Power1 ine  

Wind Power 2750 $6000 15 years  $300 
(with $1000 5 " 
st orage 
b a t t e r i e s )  

Dunl i te  1500 $4000 15 years  $200 
$1000 5 " 

Diesel d 
800 $375 1 0 , 0 0 0 h r s .  $56 

2000 $1300 10,000 " $195 

Turbo- 800 $1500 20 years  $11 
 ene era tor^ 2000 $5200 20 " $39 

Additional Costs 

$. 35 $6835 Storage tanks (annualized 
f o r  20-year l i f e )  

$.35 $2653 1000 gal lons  - $ 80 
$.35 $2276 5000 gal lons  - $186 
$.35 $1430 10000 ga l lons  - $303 
$. 35 $1707 20000 ga l lons  - $686 

$375 a t  $.lO/kwhr I n s t a l l a t i o n  Costs 
$750 a t  $.20/kwhr $300 per mile (annualized I 

$187 a t  $. 05/kwhr f o r  20 years)  (Rao and P 
h, 

Majunath, 1972) P 
I 

.175 $1380 Additional c o s t s  - 

.175 $1204 s to rage  tanks.  

.175 $1224 Additional c o s t s  - 

.175 $934 s torage  tanks. 

See next page f o r  footnotes  



TABLE I V .  4 (continued) 

a Fuel c o s t s  a r e  assumed t o  equal $1.00 per ga l lon  f o r  gasol ine  and 
$.75 per ga l lon  f o r  d i e s e l  f u e l .  The vapor turbogenerator  i s  assumed 
t o  be a s  expensive t o  opera te  a s  t h e  d i e s e l  engine. These approximate 
r e l a t i o n s h i p s  i n  f u e l  p r i c e s  a r e  drawn from Rao and Majunath (1972). 
Honda engines use  one-half ga l lon  per  90 minutes a t  peak condi t ions .  
Diese l  engines a r e  assumed t o  have 1.5 times t h e  f u e l  e f f i c i e n c y  of 
gaso l ine  engines. 

b ~ n n u a l  c o s t s  a r e  ca l cu la t ed  by determining t h e  appropr ia te  number of 
u n i t s  necessary t o  produce t h e  requi red  power of 1 .5  k i lowat t  hours f o r  
2,500 hours of opera t ion  each year.  For example, 2 Honda 800 engines 
would be used f o r  2 years  and operated a t  f u l l  power. A t  7.5% t h e  annual- 
ized cos t  i s  $278.50. Maintenance f o r  t h e  year i s  added and is equal t o  
2.5 times t h e  maintenance f o r  1,000 hours. Fuel c o s t s  a r e  given per hour 
f o r  peak output .  A l i n e a r  r e l a t i o n s h i p  is  assumed between power output  
and f u e l  consumption. For example, t o  provide 1.5 k i lowa t t s  per hour,  
a Honda 2,000 would need t o  be operated a t  only .75 of i t s  capaci ty  and 
hence f u l l  c o s t s  would drop t o  .525 per hour. 

C Honda genera tors  need a minor tuneup every 100 hours (assumed t o  
cos t  $10 f o r  a l l  u n i t s )  and a major tuneup every 1,000 hours (assumed t o  
be 10% of i n i t i a l  investment).  

d ~ i e , s e l  engines a r e  assumed t o  be 1.5 times a s  expensive a s  gasol ine  
engines f o r  the  same power output .  This  is  t h e  approximate p r i c e  r a t i o  
f o r  much l a r g e r  engines produced by Ford Motor Co. The d i e s e l  engines 
a r e  assumed t o  have a longer l i f e  than gaso l ine  engines and r equ i re  a 
major tuneup every 1,000 hours. The engine i s  more complicated and t h e  
tuneup i s  assumed t o  be 15% of i n i t i a l  purchase p r i ce .  

%sing Ayrom' s (1975) es t imates  f o r  t he  r e l a t i o n s h i p  between d i e s e l  
engines and turbo engines,  t h e  turbo engine i s  assumed t o  cos t  fou r  t imes 
a s  much a s  a d i e s e l ,  r e q u i r e  1 / 5  t h e  maintenance of t he  d i e s e l ,  and l a s t  
an average l i f e  of 20 years .  The turbogenerators  may use  any type of 
l i que f i ed  f u e l  inc luding  gaso l ine ,  kerosene, d i e s e l ,  propane, and butane. 
A s  d i e s e l  f u e l  i s  usua l ly  t h e  cheapest a v a i l a b l e ,  t h i s  f u e l  w i l l  be used 
f o r  t h e  ca l cu la t ion .  



TABLE IV.5 

ANNUAL POWER SOURCE COSTS AM) UTILIZATION RATE 

Tot a 1  I n s t r u c t i o n a l  Hours 

14 00 2 500 
Energy demand per  hour Energy demand per  hour 

( i n  k i lowa t t s )  ( i n  k i lowa t t s )  

Power1 i n e  b $70 $140 $210 $125 $250 $375 
($ . l o  per  kw/hour) 

a Annual c o s t s  exclude a 1000-gallon s torage  tank cos t ing  $800, with a 
20-year l i f e  and i n s t a l l a t i o n  and cons t ruc t ion  c o s t s  of $1000. Costs  
should be increased by $180 per year f o r  each of t h e s e  a l t e r n a t i v e s .  

b ~ o w e r l i n e  i n s t a l l a t i o n  c o s t s  must be added a t  $300 per  mi le  per year.  



The hook c o s t s  we present  a r e  those  f o r  product ion i n  Ta ipe i ,  Republic 

of China, and probably r e f l e c t  the minimum f e a s i b l e  c o s t s .  

Table IV.6 provides a  d e t a i l e d  breakdown of t he  c o s t  of producing 

a  high q u a l i t y  500-page hardbound book i n  Ta ipe i  and of sh ipping  the  

book 4,000 miles. The c o s t s  a r e  r ecen t  ( l a t e  1972) e s t ima te s  from a 

p r i n t e r  i n  Ta ipe i ,  and inc lude  h i s  p r o f i t s .  The c o s t s  do not inc lude  

t y p e s e t t i n g ,  and assume t h a t  t he  m a t e r i a l  t o  be p r i n t e d  is i n  a  form 

s u i t a b l e  f o r  photo-reproduction. It should be kept  i n  mind t h a t  t h e s e  

s e t  up c o s t s  can be s i g n i f i c a n t  f o r  small runs. Production i n  q u a n t i t i e s  

of 1,500 r e s u l t s  i n  a  p r i c e  of less than $160 per  copy o r  $.0031 per  

page. The au thors  have handled books produced by t h i s  p r i n t e r  a t  t he  

quoted p r i c e  and the  q u a l i t y  i s  high indeed. One of the  au thors  

purchased a  lower q u a l i t y  2-volume s e t  ( t o t a l i n g  1,800 pages) a t  a  

bookstore i n  Ta ipe i  s e v e r a l  yea r s  ago a t  a  per-page c o s t  of $.0014. 

It should be s t r e s s e d  t h a t  a t  a  product ion l e v e l  of 1,500 copies  most 

economies of s c a l e  have been r e a l i z e d ;  t h e  p r i c e  p e r  copy would drop 

only about 2% i f  t he  production l e v e l  were doubled t o  3,000 copies .  

The p r i c e  per page is ,  however, r a t h e r  s e n s i t i v e  t o  t h e  number of 

pages per  volume because of r e l a t i v e l y  l a r g e  f ixed  binding and handl ing 

charges.  From information i n  Table IV.6 we can de r ive  the  fol lowing 

approximate cos t  equat ion  f o r  t h e  c o s t ,  C , of a  volume having P v 
pages (with P between 250 and 750). Costs a r e  expressed i n  U . S .  

d o l l a r s ,  and a r e  increased  25% from what the  t a b l e  would i n d i c a t e ,  

t o  account f o r  probable cos t  changes s i n c e  t h a t  t i m e .  

IV.6 C (P) = .94 + .00125 P . 
v 

The cos t  per  page, C , is  simply c ~ ( P ) / P  ; f o r  a  250-page volume C 
P P 

i s  $.005 and f o r  a  750 page volume C is  $.0025. 
P 

We have l e s s  up t o  d a t e  information a v a i l a b l e  concerning the  p r i c e  

of workbooks. M. Jamison (1966, pp. 76-80) surveyed p r i n t i n g  c o s t s  a t  

t h a t  time and concluded t h a t  a  250-page paperbound workbook wi th  8 112" 

by 11" pages would c o s t  less than $.00167 p e r  page. This  i s  approximately 

40X of t he  cos t  es t imated above f o r  a high q u a l i t y  hardback of equal  l eng th .  



TABLE I V .  6 

COST OF BOOK PRODUCTION IN TAIPEI, REPUBLIC OF  CHINA^ 

Item Comment 

1. Quanti ty:  1,500 copies 

2. Number of pages: 500 pages 

3. Size:  6" x 9" (Thickness about 1-112") 

4. Cost of P r in t ing  By photo-offse t ,  pr inted i n  black and white 
and Paper: Paper - 80 l b .  woodfree 

$041.02 per ream 
$041.02 x 40 reams = $690 

$0.001 per page 
$0.001 x 500 pages = $ .50 per copy 

5. Binding: Sewn i n  c l o t h  bound 
$ .425 per  copy 

6. Book Dust Jacket:  $.05 per  copy (optional)  

7. P l a s t i c  Waterproof 
Packing Bag : $ .05 per copy (opt ional )  

8. Factory Pr ice :  4 + 5 + 6 + 7  
$.50 + $.425 + $.05 + $.05 = $1.025 per copy 

$1.025 x 1,500 copies  = $1,537.50. 

9. Packing: Packed i n  export standard car ton  boxes 
Each car ton  contains 20 copies 
$ .50 per  car ton  or  equivalently $ .025 per copy. 

10. Freight:  $.0625 per  copy from Taiwan t o  U.S. West Coast. 

11. Miscellaneous: Inland t r anspor ta t  ion, custom broker, loading 
charges, insurance, and handling charges, e t c .  
$.0875 per  copy. 

12. Tota l  Pr ice :  8 + 9 + 1 0 + 1 1  
$1.025 + $.025 +$.0625 + $.0875 = $1.2 per copy. 

a 
Source: P r i c e  quota t ions  from a Taipei  p r i n t e r ,  1972. 



This $.00167 was es t imated  on what t he  au thor  f e l t  t o  be conserva t ive  

assumptions, and he c i t e s  a  s tudy by Wilson, Spaulding, and Smith (1963) 

t h a t  concluded t h a t  t h e r e  e x i s t  abundant,  now wasted, raw m a t e r i a l s  

f o r  paper i n  developing c o u n t r i e s  t h a t  could be used a s  i n p u t s  t o  t h e  

production of very  low-cost workbooks. 

A s  a  comparison t o  t hese  e s t ima te s  t he  cos t  pe r  p r in t ed  page f o r  

t he  t e l e v i s i o n  system i n  Korea ( s e e  Chapter X) appears  t o  be $.0021 

pe r  page wi th  run s i z e s  i n  t he  t e n s  of  thousands. This  c o s t  is  lower 

than our  e s t ima te s  i n  Table IV.6. 

3. COST FUNCTION EXAMPLES 

In  t h e  f i r s t  s e c t i o n  of t h i s  chap te r ,  a  genera l  c o s t  func t ion  f o r  

educa t iona l  technology systems was s p e c i f i e d .  The second s e c t i o n  was 

concerned with cos t  e s t ima te s  f o r  many of t h e  v a r i a b l e s  i n  t h e  equat ion 

with c o s t s  drawn from p ro jec t  experiences and planning s t u d i e s .  In  

t h i s  s e c t i o n ,  the  c o s t  func t ion  i s  combined with the  d a t a ,  and examples 

a r e  presented f o r  a  r ad io  and a  t e l e v i s i o n  system. The examples a r e  

meant t o  be r e a l i s t i c ,  a l though a  more c a r e f u l  cos t  a n a l y s i s  f o r  a 

s p e c i f i c  s i t u a t i o n  may r evea l  d i f f e r ences .  

The es t imates  of c o s t s  f o r  t h e  determining v a r i a b l e  of t h e  cos t  

func t ion  a r e  repor ted  i n  Table I V . 7 .  The cos t  func t ion  equat ions  a r e  

repeated f o r  convenience. The r eade r  should r e f e r  t o  Table I V . l  f o r  

v a r i a b l e  d e f i n i t i o n s .  

IV.5 CR = a ( r , n  ) N/ C + a  ( r ,nm)  SCRE + a  ( r ,  nu) SCRF R K R  

+ a ( r ,  ne) e SCe + ( 1  - e ) h  c  + ehc '  + hCM+ a ( r , n  N b  Cb 
P  P  b  



TABLE lV.7 

EXAMPLE VALVES OF COST COMPONENTS 

Variable 

N (number of etudents)  

ha ( t o t a l  hours of programming) 

G (area of region) 

bb (printed pages per s tudent)  

kc (students per receiver)  

e  ( f r a c t i o n  non-elec t r i f ied)  

sd (number of reception s i t e s )  

Csue ( s t a r t  up coats)  

'cAf (annual c e n t r a l  admin- 
i s t r a t i o n  cos t )  

' P F ~  (production f a c i l i t y  
c a p i t a l  cos t )  

(production equipment 
c a p i t a l  cos t )  

  PA^ (annual product ion 
cos t )  

' T E ~  (transmission equipment 
c a p i t a l  cos t )  

' T F ~  (transmission f a c i l i t y  
c a p i t a l  cos t )  

'TA' (annual transmission cos t )  

C ~ m  (receiver c a p i t a l  cos t )  

'RE" (receiver-related 
equipment c a p i t a l  c o s t )  

(reception f a c i l i t y  
c a p i t a l  cos t )  

Assumed Value Assumed Value 
f o r  Radio f o r  Television -. 

200,000 200,000 

500 

31,400 sq.mi. 
(100 m i .  radius)  

200 

70 

- 
1,430 

$300,000 

$60,000 



TABLE I V .  7 (continued) 

Variable 

ep 

Assumed Value 
fo r  Radio 

Assumed Value 
fo r  Television 

$3,300 

$.05 

(power generating equip- 
ment c ap i t a l  cos t )  

(hourly cost  of power 
from power l i n e )  

(hourly cost  of power 
from power-generating 
equipment o r  ba t t e r i e s )  

(hourly receiver  
maintenance cost )  

(printed page cos t )  $ .005 

( l i f e t ime  of project  6 
production, transmission 2 0 
6 reception f a c i l i t i e s )  

( l i f e t ime  of programs 
and books) 

( l i f e t ime  of receiver)  5 

( l i f e t ime  of production, 10  
transmission, receiver-  
r e la ted  and power 
generating equipment) 

( i n t e r e s t  r a t e )  7.5% 

See next page fo r  footnotes 



TABLE IV .7 (continued) 

a 
Programming is assumed to be provided for 10% of the total instructional 
time of 1,260 hours (35 hours per week for 36 weeks) for students in 
four different grades. 

b~adio is assumed to require more printed materials in conjunction with 
broadcasts than television, due to the lack of the visual channel. 

C Each receiver may be used by 2 classes with an average class size of 35. 

d ~ t  is assumed that there is only one class for each of four grades at 
each reception site. 

e Start up costs are expected to be the same for both types of systems. 
The cost includes basic project planning, feasibility study, and cost 
analysis costs. The start up costs were $335,000 in Nicaragua. These 
costs were probably unusually high because of the unusual nature of the 
project (primary school mathematics via radio with 40-50 student res- 
ponses per 20-minute lesson). 

project central administrat ion is costing $60,000 in Nicaragua for 
radio and $80,000 in the Ivory Coast for television. 

%he production expenses are based upon El Salvador, which has been 
haveraging approximately $2,900 per hour for television broadcasting. 
''adio production expenses are based upon the recurrent expenses for 
Nicaragua and an estimate of equiptraent expenses, which are 10% of 
those required for television. Schramm (1967) estimates a cost of 
$250 per hour for radio in Thailand and the 10% assumption orill keep 
the relative estimates for production costs similar to project 
experiences. 

Mayo, McAnany and Klees (1973) report that a transmission system to 
cover 100,000 sq. mi. for television in Mexico would cost $2,100,000. 
Butman (1972) estimates that under the best circumstances transmission 
for television would cost $35 per square mile. A figure of $50 per 
square mile is used. The VERTA project in the Philippines (Bourret, 
1973) spent $20,000 for a 5 kilowatt transmitter and $20,000 for a 
10 gain antenna capable of covering a 50-mile radius. Radio trans- 
mission costs are based upon the General Learning Corp. (1968) study. 
Costs are approximately 113 of the costs of television. This is 
fairly typical even at lower power ratings. For example, Jamison 
with Bett (1973) quote prices of $2,500 for a 10-watt FM transmitter 
and $5,000 for a 5-watt television transmitter. 

k~acility expenses include a building for transmis~ion equipment 
assumed to be 500 sq. ft. at $50 per sq. ft. and installation 
expenses of $500 for radio and $1,000 for television. 



TABLE IV.7 (continued) 

l ~ n n u a l  expenses a r e  assumed t o  inc lude  10% of equipment investment f o r  
maintenance expenses and s a l a r i e s  of $20,000 f o r  four  engineers  and 
technic ians .  

Higher p r i c e s  a r e  assumed t o  in su re  good q u a l i t y  r ece ive r s .  It is  
poss ib l e  t h a t  these  va lues  should be $10 f o r  r ad io  r e c e i v e r s  (Jamison 
with Bett, 1973) and $150 f o r  t e l e v i s i o n  r e c e i v e r s  ( l i s t  p r i c e  f o r  
r e c e i v e r s  i n  the  United S t a t e s ) .  

- "Radio r ece ive r s  do not u sua l ly  need any antennas. The f i g u r e  f o r  
t e l e v i s i o n  r ece ive r s  i s  derived from t h e  expenditure i n  the  Ivory 
Coast. 

0 
Building modif ica t ions  a r e  assumed t o  cos t  $20 per  classroom f o r  
r a d i o  and r equ i re  $150 per  classroom f o r  t e l e v i s i o n  ( inc luding  a 
s tand)  and $800 f o r  i n s t a l l a t i o n .  These e s t ima tes  a r e  derived from 
Jamison with Bett  (1973). 

'NO e l e c t r i c a l  power equipment i s  necessary f o r  t he  r ad io  system. 
For t h e  t e l e v i s i o n  system, an 800-watt vapor turbo-generator cos t ing  
$1,500 is  assumed t o  be used. This  would be ample power t o  provide 
e l e c t r i c i t y  f o r  two sets a s  the  watt  requirement per s e t  i s  only  60. 
The e x t r a  power could be used f o r  l i g h t i n g .  A 1,000-gallon s to rage  
tank would c o s t  $800 and an a d d i t i o n a l  $1,000 i s  assumed f o r  i n s t a l l a -  
t ion. 

q ~ a i n l i n e  power i s  assumed t o  cos t  $ . l o  per  k i lowat t  hour (Jamison with 
B e t t ,  1973, use $.06 and the  cos t  i n  the  Ivory Coast,  is  
approximately $ .11) .  The power requirement i s  assumed t o  be 500 watts 
per hour of opera t ion .  

r 
B a t t e r i e s  f o r  rad io  a r e  assumed t o  have a 40-hour l i f e  and cos t  $1.00 
t o  rep lace .  The hourly opera t ion  f o r  t he  t e l e v i s i o n  system inc ludes  
maintenance a t  $.011 per hour and d i e s e l  f u e l  a t  . I75  per  hour. 

S 
Maintenance fo r  r e c e i v e r s  i s  assumed t o  cos t  10% of t o t a l  purchase 
p r i ce .  There a r e  two r e c e i v e r s  a t  each r ecep t ion  po in t .  

t 
This number i s  based upon the  p r i n t i n g  c o s t s  previous ly  d iscussed .  



The c o s t s  a r e  then a s  fol lows:  

Cost Element Radio 

C 
C 

$ 89,400 

C~ $140,870 

C~ 
$140,579 

C~ 
$102,465 

TC $473,314 

TCIN $2.36 

TC1120N $ ,0188 

Telev is ion  

$ 109,400 

$ 383,617 

$ 408,768 

$ 821,742 

$1,723,527 

$8.61 

$ .0684 

The c o s t s  f o r  a  t e l e v i s i o n  system serv ing  200,000 s t u d e n t s  f o r  120 

hours  per  s tudent  a r e  3.65 times h igher  than costs f o r  rad io  se rv ing  a  

s i m i l a r  group. 

The t o t a l  cos t  func t ion  can be put  i n  t he  simple format of 

TC = F + V N + Vhh . Assuming c e n t r a l  c o s t s  t o  be f i x e d ;  product ion,  N 
t ransmiss ion ,  and recept ion  power hourly cos t  t o  vary  wi th  t h e  number 

of hours; and recept ion  c o s t s  w i th  the  except ion of hourly power c o s t s  

t o  vary wi th  the  number of s tuden t s ,  we have the  fol lowing equat ions :  

Radio : TC = $ 89,400 + 562.89 h  + - 5 1  N . 
Televis ion:  TC = $109,400 + 1,584.88 h  + 4.10 N . 

The parameters of t hese  hypo the t i ca l  equat ions  f a l l  w i th in  the  range of 

va lues  obtained i n  t he  c a s e s  summarized i n  Chapter 111. 
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PART THREE 

CASE STUDIES 

I n  P a r t  One of t h i s  r e p o r t  we d iscussed  s e v e r a l  methodological 

approaches t o  cos t  a n a l y s i s  and t h e i r  problems, and i n  P a r t  Two w e  

app l i ed  t h i s  methodology t o  an examination of ongoing i n s t r u c t i o n a l  

r ad io  and t e l e v i s i o n  p r o j e c t s  and t o  p lanning  such p r o j e c t s  in t h e  

f u t u r e .  Here, i n  P a r t  Three, we p r e sen t  d e t a i l e d  ca se  s t u d i e s  of two 

i n s t r u c t i o n a l  r a d i o  p r o j e c t s  ( i n  Nicaragua and Mexico) and f i v e  i n s t r u c -  

t i o n a l  t e l e v i s i o n  p r o j e c t s  ( i n  E l  Salvador ,  The United S t a t e s ,  Korea, 

and Mexico), wi th  a  s t r o n g  emphasis on a  c o s t  a n a l y s i s  of  t he se  p r o j e c t s .  

In  a l l  but one of t h e  ca se s  (El  Salvador ,  where t h e  c o s t  d a t a  was 

gathered by Speagle  (1972)) ,  one o r  more of  t h e  au tho r s  has had f i r s t -  

hand exposure t o  t h e  p r o j e c t  and has  ga thered  t h e  c o s t  da t a .  An 

e f f o r t  has been made t o  s t r u c t u r e  t h e  cos t  ana lyses  of t h e  p r o j e c t s  

so  t h a t  they a r e  i n  as comparable a  format a s  pos s ib l e .  In  a d d i t i o n  

t o  an a n a l y s i s  and d i scus s ion  of p r o j e c t  c o s t s ,  each case  i nc ludes  

genera l  information desc r ib ing  t h e  system and i ts  ope ra t i on ,  a s  w e l l  

a s  a  review of  any e v a l u a t i o n s  o f  t h e  sys tem's  e f f e c t i v e n e s s  t h a t  are 

a v a i l a b l e .  Where pos s ib l e  we compare t h e  c o s t s  and e f f e c t i v e n e s s  o f  

the  i n s t r u c t i o n a l  r a d i o  o r  i n s t r u c t i o n a l  t e l e v i s i o n  system wi th  t hose  

of  t he  e x i s t i n g  t r a d i t i o n a l  educa t iona l  system. 

The genera l  approach taken is t h e  same a s  descr ibed  i n  t h e  

i n t roduc to ry  remarks t o  Chapter 111 and we r epea t  t hose  remarks he re  

f o r  the  convenience of t h e  reader .  A l l  of  t h e  p r o j e c t s  s t u d i e d  have 

been underway long enough t o  provide ongoing cos t  information.  I n  

a l l  c a se s ,  however, t he  a n a l y s i s  is based on d a t a  s u b j e c t  t o  s u b s t a n t i a l  

e r r o r ,  and ou r  d i v i s i o n s  of  c o s t s  i n t o  va r ious  c a t e g o r i e s  is sometimes 

based on incomplete information and hence may be somewhat a r b i t r a r y .  

The r eade r  should view ou r  conc lus ions  a s  approximations.  

To put  t h e  c o s t s  i n t o  a  form t h a t  pe rmi t s  t h e  p r o j e c t s  t o  be 

compared wi th  one ano the r ,  w e  have done f o u r  t h ings .  F i r s t ,  we converted 

a l l  c o s t s  i n t o  1972 U. S. d o l l a r s  by conver t ing  from t h e  fo re ign  currency 



t o  U. S. currency a t  the  exchange r a t e  p reva i l i ng  a t  t he  time t h e  i n f o r -  

mation was ga thered ,  then used the  U. S. GNP d e f l a t o r  t o  convert  t o  1972 

d o l l a r s  ( s ee  Appendix A f o r  t h e  exchange r a t e s  and d e f l a t o r s  used) .  

Due t o  d i f f e r i n g  r e l a t i v e  p r i c e s  i n  d i f f e r e n t  c o u n t r i e s  and exchange 

r a t e  r i g i d i t i e s ,  t h e r e  may be d i s t o r t i o n s  introduced by t h i s  procedure 

( see  Vaizey e t  a l . ,  1972, Chapters 15 and 16 ) .  Second, we use t h e  

same i n t e r e s t  r a t e s  ( s o c i a l  r a t e  of d i scount )  t o  e v a l u a t e  each p r o j e c t .  

To a l low examination of t he  s e n s i t i v i t y  of t he  conc lus ions  t o  t he  r a t e s  

chosen, we use t h r e e  va lues  f o r  t he  i n t e r e s t  rate--0,  7 .5%, and 15% 

per year .1  Thi rd ,  we have at tempted t o  inc lude  and exclude t h e  same 

items i n  each cos t  a n a l y s i s .  We inc lude  c e n t r a l  admin i s t r a t i on  c o s t s ,  

program product ion c o s t s ,  t ransmiss ion  c o s t s  and r ecep t ion  c o s t s .  We 

exclude t h e  c o s t s  of t e ache r  r e t r a i n i n g  and p r i n t e d  m a t e r i a l .  Fourth,  

we have assumed common c a p i t a l  l i f e t i m e s  f o r  a l l  projects--20 years  f o r  

b u i l d i n g s  and s t a r t  up c o s t s ,  10 years  f o r  t ransmiss ion  and s t u d i o  

equipment, and 5  yea r s  f o r  r e c e i v e r s .  

For each p r o j e c t  examined we de r ive  an annual ized c o s t  func t ion  

of the  l i n e a r  form presented i n  equa t ion  1.2 i n  Chapter I ;  t h a t  i s ,  we 

assume t h e r e  t o  be a  f ixed  c o s t ,  F  , a v a r i a b l e  cos t  per  s t u d e n t ,  

VN , and a  v a r i a b l e  c o s t  pe r  programming hour,  Vh , s o  t h a t  t o t a l  c o s t ,  

TC(N, h) = F + V N + Vh h  , where N is the  number of s t u d e n t s  using 
N 

the  system and h  is the  number of programming hours provided i n  any 

p a r t i c u l a r  yea r .  This  s i m p l i f i e d  formulat ion takes  as g iven  the  o t h e r  

'we have included an i n t e r e s t  r a t e  of zero  & t o  show the  
s i g n i f i c a n t  d i f f e r e n c e  i n  es t imated  c o s t s  due t o  no t  d i scount ing  t h e  
f u t u r e ;  us ing  r = 0 is not  a  s e n s i b l e  a l t e r n a t i v e  i n  eva lua t ing  
p ro j ec t  c o s t s .  

2 ~ o  be more p r e c i s e ,  some c o s t s  may vary wi th  the  number of 
- programming hours  produced i n  any yea r ,  o t h e r  c o s t s  may vary  wi th  t h e  

number of hours broadcas t ,  whi le  s t i l l  o t h e r s  may va ry  wi th  t h e  number 
of hours  of  i n s t r u c t i o n a l  l e s sons  a  c l a s s  r ece ives  ( s ee  t h e  d i s cus s ion  
i n  Chapter IV); t he  c o s t  a n a l y s i s  of ongoing p r o j e c t s  presented h e r e  
i s  not  t h i s  d e t a i l e d  and t h u s  h  w i l l  u sua l ly  r e f e r  t o  t he  second 
d e f i n i t i o n ,  t h e  number of hours  b roadcas t .  This  y i e l d s  a  s l i g h t l y  
i naccu ra t e  c o s t  r e p r e s e n t a t i o n ,  b u t  it should be recognized t h a t  each 
d e f i n i t i o n  of  h  i s  probably roughly i n  propor t ion  t o  t he  o t h e r  two, 
and thus  t h e  es t imated  c o s t s  a r e  reasonably accu ra t e .  



cos t  determining system v a r i a b l e  p a r t i c u l a r  t o  each system, such a s  t he  

number of grade l e v e l s  se rved ,  t h e  geographical  a r ea  covered, the  

f r a c t i o n  of r e c e i v e r s  l oca t ed  in e l e c t r i f i e d  a reas ,  t h e  q u a l i t y  of 

program product ion,  t he  average c l a s s  s i z e .  In  a  few cases  w e  

examine system c o s t s  a s  assumed changes i n  these  v a r i a b l e s  occur.  To 

the  e x t e n t  t h a t  we would want t o  know i n  d e t a i l  t he  s e n s i t i v i t y  of a  

p r o j e c t ' s  c o s t s  t o  changes i n  the  present  con f igu ra t ion  of these  types 

of v a r i a b l e s ,  more complex cos t  func t ions  would have had t o  be e s t ima ted ,  

such a s  those  t h a t  w i l l  be descr ibed  i n  Chapter I V  f o r  p r o j e c t  planning 

uses .  

To o b t a i n  the  values f o r  F , v~ ' and Vh , we a l l o c a t e d  each 

c o s t  i n t o  one of s i x  ca t egor i e s :  f i x e d ,  c a p i t a l ;  f i xed ,  r e c u r r e n t ;  

v a r i a b l e  by s tuden t ,  c a p i t a l ;  v a r i a b l e  by s tuden t ,  r e c u r r e n t ;  v a r i a b l e  

by hour ,  c a p i t a l ;  and v a r i a b l e  by hour; r ecu r ren t .  Cap i t a l  c o s t s  were 

then annual ized using equat ion 1.3 of Chapter I ,  and the  c o s t  func t ion  

was cons t ruc ted  by l e t t i n g  F equal  t he  sum of a l l  f i xed  c o s t  components, 

VN 
equal  t he  sum of a l l  v a r i a b l e  by s tudent  cos t  components, and 

vh 
equal the  sum of a l l  v a r i a b l e  by hour c o s t  components. 

I t  should be noted t h a t  i n  some of the cos t  ana lyses  t h a t  fol low,  

t he  va lue  F is  q u i t e  low o r  even zero,  a s  most i n s t r u c t i o n a l  t e l e v i s i o n  

and i n s t r u c t i o n a l  r ad io  system c o s t s  a r e  assumed t o  vary wi th  N and 

h  . More s p e c i f i c a l l y ,  most product ion and t ransmission c o s t s  a r e  

assumed t o  vary with h  while most recept ion  c o s t s  a r e  assumed t o  

vary wi th  N . It  is usua l ly  only c e n t r a l  admin i s t r a t i on  and s t a r t  up 

c o s t s  (when an es t imate  of these  i s  a v a i l a b l e )  t h a t  a r e  assumed f i x e d ,  

and sometimes even these  may vary with N and h  . Thi s  assumption i s  

somewhat s i m p l i s t i c ,  but  neve r the l e s s ,  probably r e f l e c t s  the  long run 

p i c t u r e  reasonably accu ra t e ly ;  i n  the  s h o r t  run, f o r  marginal expansion 

dec i s ions ,  t h e r e  may be s u f f i c i e n t  excess  capac i ty  t o  i n c r e a s e  N o r  

h  without increas ing  a l l  r e l a t e d  component c o s t s .  However, a s  t h e  

system expands, t he  excess  capac i ty  f a l l s  t o  zero,  and a l l  r e l evan t  

system components need t o  be increased  t o  allow f u r t h e r  expansion (of 

N o r  h  , f o r  example). Thus the l i n e a r  func t ion  t h a t  w i l l  be es t imated  

is  probably an approximation t o  what more r e a l i s t i c a l l y  can be  expected 

t o  be a  s t e p  func t ion ,  which inc reases  i n  d i s c r e t e  increments as N 



and h expand t o  f i l l  the  excess  system capac i ty  a t  success ive  p o i n t s  

i n  time. 

In  a d d i t i o n  t o  the  c o s t  func t ion  e s t ima t ion ,  tjhree o t h e r  p i eces  

of  c o s t  information w i l l  be presen ted  when poss ib l e .  F i r s t ,  the  average 

c o s t  pe r  s tudent  (AC ) f o r  a p a r t i c u l a r  year  of the  p r o j e c t  w i l l  be  
N 

der ived  from t h e  c o s t  func t ion .  Second, t h i s  f i g u r e  w i l l  be compared 

t o  t he  v a r i a b l e  c o s t  p e r  s t u d e n t ,  VN , t o  form a r a t i o ,  ACN/VN . This  

r a t i o  is  presented t o  g ive  t h e  r eade r  a rough i d e a  of t h e  ex t en t  t o  

which t h e  system d iscussed  has achieved the  economies of  s c a l e  a v a i l a b l e  

i n  most i n s t r u c t i o n a l  t e l e v i s i o n  and i n s t r u c t i o n a l  r ad io  systems i n  

t h e i r  ope ra t i ons  f o r  t h e  p a r t i c u l a r  yea r  i n  ques t i on .  ACN/VN approaches 

u n i t y  a s  t he  system expands t he  number of s t u d e n t s  included,  o t h e r  

t h i n g s  being equal .  When ACN/VN is  l a r g e ,  i t  i n d i c a t e s  t h a t  i f  t h e  

system were t o  i n c r e a s e  t h e  number of s t u d e n t s  e n r o l l e d ,  average c o s t s  

p e r  s tuden t  could be decreased s u b s t a n t i a l l y  by enrol lment  expansion. 

Since t h e r e  i s  no t h e o r e t i c a l  upper bound on the  r a t i o  ACN/VN , it i s  

somewhat d i f f i c u l t  t o  eva lua t e  what it means f o r  a given r a t i o  t o  be 

' l a r g e ' ,  bu t  an i dea  can be gained from examining t h i s  f i g u r e  f o r  

d i f f e r e n t  p r o j e c t s .  Thi rd ,  we a l s o  presen t  average cos t  per  s tuden t  

hour of each p r o j e c t ,  which is  probably one of t h e  b e t t e r  measures f o r  

comparison between systems, s i n c e  it t akes  account of  b o t h  N and h . 
When s u f f i c i e n t  information is  a v a i l a b l e ,  namely, t he  t ime s t r u c t u r e  

of expendi tures  and s tuden t  usage, w e  p resen t  s e l e c t e d  e s t ima te s  of t h e  

average c o s t s  p e r  s tudent  from yea r  i t o  year  j (ACij) , a concept t h a t  

was developed i n  Sec t ion  4 of Chapter I ,  A s  d i scussed  i n  Chapter 111, 

we b e l i e v e  t h e  AC 's form a much b e t t e r  summary measure of p r o j e c t  
i j  

c o s t s  than t h a t  der ived  from the  c o s t  func t ion  e s t ima t ions .  F i n a l l y ,  

d i s cus s ion  of t h e  a l t e r n a t i v e s  f o r  system expansion and cons ide ra t i ons  

of system f inance  a r e  presen ted  i f  t h e  r e l evan t  d a t a  a r e  a v a i l a b l e .  

Chapters V and V I  analyze i n s t r u c t i o n a l  r a d i o  p r o j e c t s  i n  Nicaragua 

and Mexico, r e s p e c t i v e l y .  I n s t r u c t i o n a l  t e l e v i s i o n  p r o j e c t s  a r e  examined 

f o r  E l  Salvador  i n  Chapter V I I ,  f o r  S tanford ,  C a l i f o r n i a  in Chapter V I I I ,  

f o r  Hagerstown, Maryland i n  Chapter I X ,  f o r  Korea i n  Chapter X,  and 

f o r  Mexico i n  Chapter XI. 



CHAPTER V 

THE NICARAGUAN RADIO MATHEMATICS PROJECT 

The c e n t r a l  focus of t h i s  chapter  is t o  provide an e a r l y  assessment 

of what t h e  c o s t s  of the  Nicaraguan Radio Mathematics (W) have 

been and can be expected t o  be. Much f i rmer  evidence i s  p r e s e n t l y  

a v a i l a b l e  f o r  programming c o s t s  than f o r  implementation c o s t s .  

Sec t ion  2 of t h i s  chap te r  summarizes t he  c o s t  elements of t h e  project--  

c e n t r a l  p r o j e c t  c o s t s ,  program product ion c o s t s ,  t ransmiss ion  c o s t s ,  

and r ecep t ion  s i te  costs-- then p r e s e n t s  a c o s t  func t ion  f o r  t h e  p r o j e c t  

and average c o s t s  based on t h a t  c o s t  func t ion .  Sect ion 3 d i s c u s s e s  

t h e  r e s u l t s  of t h e  c o s t  a n a l y s i s ,  wi th  some of t h e i r  imp l i ca t i ons .  

1. THE SYSTEM 

I n  e a r l y  1975 a group of  A I D  sponsored r e sea rche r s  and mathematics 

curr iculum s p e c i a l i s t s  began working wi th  Nicaraguan coun te rpa r t s  i n  

Masaya, Nicaragua, on r ad io  programs t o  teach  elementary school  

mathematics. The Radio Mathematics P r o j e c t  (RMP) i s  now completing 

i t s  f i r s t  year  and is reaching approximately 600 f i r s t  grade s t u d e n t s  

on an experimental  b a s i s .  During 1976 programming w i l l  be extended 

through t h e  second grade,  and a c a r e f u l l y  c o n t r o l l e d  eva lua t ion  of 

a l a rge - sca l e  implementation of t h e  f i r s t  grade curr iculum w i l l  be 

undertaken. Presen t  p lans  c a l l  f o r  cont inued expansion of curr iculum 

coverage t o  h igher  grade l e v e l s  and f o r  implementation of t h e  r a d i o  

curr iculum throughout Nicaragua. S e a r l e ,  Fr iend ,  and Suppes (1975) 

d i s c u s s  i n  d e t a i l  t h e  RMP's a c t i v i t i e s  and f u t u r e  p l ans .  

2. SYSTEM COSTS 

I n  t h i s  s e c t i o n  we i d e n t i f y  t h e  c o s t  components f o r  t h e  RHP 

and cons t ruc t  from them c o s t  func t ions  f o r  t he  p r o j e c t .  The c o s t s  

f a l l  i n t o  fou r  ca tegor ies - -cen t ra l  p r o j e c t ,  program p repa ra t i on ,  

t ransmiss ion ,  and r ecep t ion  site--and we f i r s t  p r e sen t  in format ion  





TABLE V. 1 

START UP COSTS (THROUGH FEBRUARY 1975) 

I. S t a r t  up Cost  of P r o j e c t  a t  S t a n f o r d :  

S a l a r i e s  $46,255 

S t a f f  b e n e f i t s  7,864 

T r a v e l  i n  USA 5,745 

Computer a t  s t a n f o r d a  19,553 

C o n s u l t i n g  1 ,920  

Equipment and s u p p l i e s  3,066 

I n d i r e c t  c o s t s  

S u b t o t a l  

11. S t a r t  up Cos t  of P r o j e c t  i n  Nicaragua:  

s a l a r i e s a  'b $23,626 

B e n e f i t s  4,016 

Trave 1 6,716 

Moving c o s t  (household  
and c a r )  1 6 , 1 3 1  

~ l l o w a n c e s ~  19,444 

C o n s u l t i n g  720 

Expendable s u p p l i e s  
d 

19,002 
e  

Equipment 18,715 

I n d i r e c t  c o s t s  33,171 

S u b t o t a l  $141,542 

111. S t a r t  up Cost  T o t a l s  

1. T o t a l  S t a r t  up c o s t  

2. Annualized s t a r t  up c o s t  
(over  20-year p r o j e c t  l i f e t i m e )  

a .  a t  0% d i s c o u n t  r a t e  

b .  a t  7.5% d i s c o u n t  r a t e  

c.  a t  15% d i s c o u n t  r a t e  

~ - ~ 

See  n e x t  page f o r  f o o t n o t e s .  



TABLE V . l  (cont inued)  

a The computer was used f o r  t h e  product ion of r e p o r t s ,  bu t  f o r  
e s s e n t i a l l y  no th ing  e l s e  dur ing  t h i s  per iod.  

b ~ a l a r i e s  a r e  f o r  e x p a t r i a t e  s t a f f .  

C Allowances i nc lude  housing allowance, pos t  d i f f e r e n t i a l  
allowance, and c h i l d r e n ' s  educat ion allowance, 

d ~ x p e n d a b l e  Suppl ies  breaks down a s  fol lows : 

Off i ce  s u p p l i e s  $2,906 
Books 616 
Postage and f r e i g h t  4,868 
Minor equipment 3,299 ( t a p e  r eco rde r s ,  e t c .  ) 
Nicaragua expenses 7,311 

e The equipment inc ludes  four  c a r s ,  a mimeograph machine, an 
e l e c t r o n i c  scanner  f o r  making s t e n c i l s ,  and a c a l c u l a t o r  wi th  
s t a t i s t i c a l  func t ions .  



TABLE V. 2 

PROJECT ADMINISTRATION C O S T S ~  

I. Annual Costs of P r o j e c t  Administrat ion a t  Stanford ( a l l  
f i gu re8  given inc lude  d i r e c t  and a l l  i n d i r e c t  c o s t s )  

P r i n c i p a l  I n v e s t i g a t o r  - 6% of f u l l  time 

P r o j e c t  Manager - 50% of f u l l  time 

Secre ta ry  - 50% of f u l l  time 

Administrat ive s e r v i c e s  - 15% of f u l l  time 
(covered by i n d i r e c t  c o s t s )  

Univers i ty  func t ions  - purchasing,  sh ipping  
accounting (covered by i n d i r e c t  c o s t s )  

Telephone, o f f i c e  s u p p l i e s ,  e t c .  

Computer t i m e  

Travel  t o  Nicaragua f o r  admin i s t r a t i ve  
purposes (25% of four  t r i p s )  

Sub to t a l  $28,080 

I I. Annual Costs of P ro j ec t  ~ d m i n ' i s  t r a t i o n  i n  Nicaragua 

Expa t r i a t e  Advisor - 33% of f u l l  time $12,160 

Nicaraguan P ro jec t  D i rec to r  - 50% of 
f u l l  time 4,000 

Sec re t a ry  ( b i l i n g u a l )  - 100% of f u l l  time 2,800 

Sub t o t a l  $18,960 

111. To ta l  Annual Costs  of P r o j e c t  Administrat ion $47,040 

a  
Costs  incur red  i n  cordobas a r e  exchanged i n t o  U.S. d o l l a r s  a t  

the  r a t e  of 7  cordobas pe r  d o l l a r .  

b ~ n d i r e c t  c o s t s  a t  Stanford Univers i ty  a r e  47% of base c o s t s .  



TABLE V. 3  

RESEARCH C O S T S ~  

Annual Amount 

P r i n c i p a l  I n v e s t i g a t o r  - 17% of f u l l  time $ 7,360 

P r o j e c t  Manager - 50% of f u l l  time 11,680 

S t a t i s t i c i a n  - 50% of f u l l  time 

P rog ramer  - 100% of f u l l  time 

Two gradua te  s tuden t  a s s i s t a n t s  8,640 

Consul tan ts  

Telephone, o f f i c e  s u p p l i e s  

Computer t ime - 90% of computer charges  

Travel  t o  Nicaragua (7 t r i p s  per  yea r )  

TOTAL 

a  
A l l  f i g u r e s  i nc lude  i n d i r e c t  c o s t s  of 47%. 



The  DIP i s  r:urreritly producing programs ; ~ t  :I r a t e  of about 

150 30-minute programs per  year .  The f i r s t  year  of program product ion 

(CY 1975) is being devoted t o  programs f o r  grade 1; the  second year  

w i l l  be devoted t o  r e v i s i o n  of grade 1 programs and i n i t i a l  p repa ra t ion  

of grade 2 programs. Thus a s i n g l e  y e a r ' s  a c t i v i t y  w i l l  involve 

both product ion of a set of about 150 programs and t h e  r e v i s i o n  of 

an  e a r l i e r  set of 150; t h e  output  of a y e a r ' s  e f f o r t  can thus  be 

considered t o  be a produced and rev ised  set of programs. Product ion 

here inc ludes  a l l  s t e p s  requi red  t o  p l an ,  prepare ,  and put  on t ape  

the  r ad io  s c r i p t  a s  w e l l  a s  p repa ra t ion  of t h e  s tudent  workbook m a t e r i a l s  

and the  teacher  ' s guide. 

Table V.4 slmmrarizes t h e  cos t  of prepar ing  150 lessons ;  t he  

t o t a l  i s  $128,000. This  y i e l d s  a cos t  of $856 p e r  3bminu te  

l e s son  o r  $1,712 per  hour of produced ma te r i a l .  This  is f a r  h igher  

than previous c o s t s  of product ion of i n s t r u c t i o n a l  r a d i o  i n  developing 

count r ies , '  which r e s u l t s  from a number of f a c t o r s .  F i r s t ,  and 

r e l a t i v e l y  unimportant,  t h i s  f i g u r e  inc ludes  cos t  of  p repa ra t ion  

of workbooks and teacher  guides.  Second, p repa ra t ion  of  programs 

r equ i r ing  f requent  s tuden t  response (40 t o  50 responses per  30-minute 

lesson)  i s  probably i n t r i n s i c a l l y  c o s t l y .  Third,  c a r e f u l  formative 

eva lua t ion  is  c o s t l y .  Fourth,  much of  t h e  cos t  is  f o r  e x p a t r i a t e  

t echn ica l  a s s i s t a n c e ,  t he  presence of which more than  doubles t h e  

cos t  of production over what i t  would be i f  t he  same volume of 

product ion were achieved by Nicaraguan n a t i o n a l s .  ( I f  e x p a t r i a t e s  

were replaced by n a t i o n a l s ,  t h e  $128,000 annual c o s t  i n  Table V.4 

would drop t o  $56,800; t h i s  would reduce the  cos t  pe r  l e s son  t o  $376.) 

l~hapter IV repor ted  product ion c o s t s  f o r  i n s t r u c t i o n a l  r a d i o  of 
about $130 per  hour i n  Korea and i n  Mexico; Schramm (1973, p. 215) 
r e p o r t s  that t h e  NHK was spending about $460 ( i n f l a t i o n  ad jus t ed )  i n  
1971. The cos t  per  hour of t e l e v i s i o n  product ion is about  $500 i n  
Mexico, $1,150 i n  El Salvador and $2,550 i n  Korea. 



TABLE V. 4  

COSTS OF PREPARING 150 RADIO LESSONS 

I tem - Cost per  yea r  

1. Recording Costa $ 10,080 

S tudio  time a t  $ l l / l e e s o n  
Artists and t echn ic i ans  a t  $34/ lesson 
Di rec to r  a t  $22/lesson 

2. S c r i p t w r i t i n g  32,960 

2  f u l l  t i m e  equ iva l en t  Nicaraguans a t  $344/mo. each 
1 f u l l  t i m e  equiva len t  e x p a t r i a t e  a t  $2,40O/mo. 

3. Curriculum Design 12,960 

112 f u l l  t i m e  equ iva l en t  Nicaraguan a t  $456/mo. 
113 f u l l  time equ iva l en t  e x p a t r i a t e  a t  $2,96O/mo. 
112 f u l l  t i m e  equiva len t  s e c r e t a r y  a t  $208/mo. 

4. A r t i s t  f o r  Design and Prepara t ion  of Student  Workbooks 2,800 

1 f u l l  time equ iva l en t  a t  $232/mo. 

5. P repa ra t i on  of ~ e a c h e r ' s  Guides 2,400 

112 f u l l  time equ iva l en t  w r i t e r  a t  $400/mo. 

6. Management 15,760 

112 f u l l  t i m e  equiva len t  Nicaraguan a t  $464/mo. 
113 f u l l  time equ iva l en t  e x p a t r i a t e  a t  $2*960/mo. 
112 f u l l  t i m e  equ iva l en t  s e c r e t a r y  a t  $208/mo. 

7.  Formative Evaluat ion 

1 f u l l  t i m e  equ iva l en t  Nicaraguan a t  $344 Imo. 
1 f u l l  t i m e  equ iva l en t  e x p a t r i a t e  a t  $2,56O/mo. 
Data processing c o s t s  a t  $8OO/mo. 



TABLE V. 4 (continued) 

Item 

8. Support and Facilities 

Rent $2 32 /mo . 
Utilities 72/mo. 
Ma id 48/mo. 
Guard 72/mo. 
Transportation (exclusive 120/mo. 

vehicle purchase) 

TOTAL COST 

TOTAL COST PER LESSON 

Cost per year 

$ 6,560 



Assuming a 10-year l i f e t i m e  f o r  a  completed and revised lessol l ,  

Ll~r annual ized cost  of having a  lesson  a v a i l a b l c  (:rssua~ing an $856 

i r l i t i a l  c o s t )  is $86 i f  one assumes a  0 discount  r a t e ,  $128 i f  

one assumes a  7.5% discount  r a t e ,  and $170 i f  one assumes a  15% 

discount r a t e .  

Transmission Costs 

Our e s t ima te  of t ransmission c o s t s  i s  based on the  t a r i f f  of 

Radio Corporacion, a p r i v a t e  broadcas t ing  s t a t i o n  whose t r a n s m i t t e r  

covers a l l  of Nicaragua. Thei r  charge per  26-minute s l o t  between 

5:00 a.m. and 9:00 a.m. is $11.60: between 9:15 a.m. and 11:45 a.m. 

i t  drops t o  $9.20. There is a 10% discount  f o r  a  one year  c o n t r a c t ,  

which would be advantageous f o r  t h e  RMP i f  such c o n t r a c t s  allowed 

f o r  l e s s  f requent  than d a i l y  use. For subsequent c a l c u l a t i o n s  we 

assume a c o s t  of $12.80 t o  broadcast  a 30-minute lesson .  

Reception S i t e  Costs 

The present  (1975) recept ion  s i t e s  u t i l i z e  c a s s e t t e  p l aye r s  

because t h e  small  number of s i t e s  i n  t h e  f i r s t  developmental year  

f a i l s  t o  j u s t i f y  use of broadcast ing.  Current  r ecep t ion  c o s t s  a r e  

thus  l i t t l e  guide t o  f u t u r e  ones,  and t h e  c o s t s  presented below simply 

r e f l e c t  p resent  p r o j e c t  es t imates .  The cos t  e s t ima te s  we p re sen t  

attempt t o  inc lude  a l l  elements of c o s t  a s soc i a t ed  wi th  ope ra t iona l  

i n t roduc t ion  of t h e  RMP, inc luding  teacher  t r a i n i n g  c o s t s ,  superv is ion  

c o s t s ,  and p r in t ed  m a t e r i a l  c o s t s .  

Table V.5 ca t egor i zes  recept ion  s i t e  c o s t s  e s t ima te s  i n t o  t h r e e  

p a r t s .  The f i r s t  p a r t  c o n s i s t s  of c o s t s  cormnon t o  an e n t i r e  school ,  

i n  t h i s  ca se  superv is ion  c o s t s ;  assuming t h r e e  p a r t i c i p a t i n g  c l a s s e s  

per school  and 35 s tuden t s  pe r  c l a s s ,  superv is ion  c o s t s  come t o  $.59 

pe r  s tuden t  p e r  year.  This  number is,  of course ,  h ighly  s e n s i t i v e  

t o  t h e  number of supe rv i so r  visi ts  p e r  school  p e r  year ,  and i t  w i l l  

be important ,  as t h e  p r o j e c t  progresses ,  t o  a s c e r t a i n  what an 

adequate minimum number is. The second c o s t  ca tegory  c o n s i s t s  of 



TABLE V. 5 

RECEPTION SITE COSTS (PER 150 LESSONS) 

I. Costs  Common t o  E n t i r e  School 

Supervisor  v i s i t s  (S i s  number of supe rv i so r  
v i s i t s  p e r  school  per  academic yea r ;  assumed 
c o s t  per  v i s i t  is 1 day of supe rv i so r  t i m e  
a t  $8.80 p l u s  t r a n s p o r t a t i o n  a t  $1.60). We 
assume S = 6. 

11. Costs  Common t o  Classroom 

1. Radio set a t  $40 wi th  5-year l i f e t i m e  $10.00 

a .  Annualized c o s t  a t  OX = $ 8 l y r .  
b. Annualized c o s t  a t  7.5% = $lO/yr .  
c .  Annualized c o s t  a t  15% - $12/yr.  

( t a b l e  uses  7.5% discount  r a t e )  

a 
2 .  B a t t e r i e s  

3. ~ e a c h e r ' s  Guide (100 pp. ) 

4. Teacher t r a i n i n g  (10 hours  p e r  yea r  
a t  S1.60Ihr.)  

111. Costs  Lndividual  t o  S tudent  

1. Blank paper (0 - 112 pages pe r  
l e s son ;  assume 40 pages per  year  
a t  1 1 4 ~  pe r  page) 

2.  Workbook (112 t o  1 page pe r  l e s son ;  
assume 150 pages @ 1~ per  page 

3. Miscellaneous Supp l i e s  

I V .  Cost Summary ( F u l l  Program Cost Assumption) 

Assume: 1 )  3 p a r t i c i p a t i n g  classrooms 
pe r  school  

2)  35 s t u d e n t s  per class 



TABLE V. 5 (continued) 

Per-st~ldent reception cost is $ 3 .  Ohlyr. 

or $ .02 /lesson 

or $ .04 /hour 

V. Cost Summary (Alternative Program Cost) 

1. ~eacher's Guide and training costs not 
imputed to radio: 

Per student reception cost is $2.58/yr 

2 .  Student workbook is replaced by 
additional 110 pages per year of 
blank paper: 

Per student cost is 

3. Both 1 and 2 above: 

Per student cost is $lW61/yr. 

a This assumes an average of 10 hours of playing life per battery 
costing $.28; these battery lifetimes are within the range of those 
cited in a recent Consumer Reports survey (v. 40, July 1975, pp. 
436-439) . 



those  c o s t s  common t o  a  c lassroom; t he se  c o s t s  nrp  pstlmntcd t o  b e  

$30 per c lassroom per  yea r  o r  S.87 per  s t u d e n t .  A torn1 of $26 

out  of t h e  $30 classroom c o s t s  i s  f o r  t e ache r  t r a i n i n g  and t h e  r a d i o  

s e t ,  n e i t h e r  of which would i n c r e a s e  w i th  a  moderate i n c r e a s e  i n  t h e  

number of  cur r icu lums  broadcas t .  P o s s i b i l i t i e s  f o r  s av ings  h e r e  

i n c l u d e  s h a r i n g  of r a d i o  s e t s  among classrooms,  p rov id ing  t e ache r  

t r a i n i n g  l e s s  f r e q u e n t l y  than annua l l y ,  of  under tak ing  t e a c h e r  

t r a i n i n g  by r ad io .  The t h i r d  c a t ego ry  of  c o s t s  i s  f o r  m a t e r i a l s ;  

t he se  a r e  e s t ima t ed  t o  c o s t  $1.60 p e r  s t uden t  p e r  year .  U t i l i z i n g  

l e s s  than one page pe r  day of  workbook m a t e r i a l  would r e s u l t  i n  

s u b s t a n t i a l  c o s t  s av ings .  

I tem V i n  Tab le  V.5 p r e s e n t s  e s t i m a t e s  of r e cep t i on  s i te  c o s t s  

based on a l t e r n a t i v e  assumptions .  The f i r s t  assumption is  t h a t  t h e  

c o s t s  of t e ache r  t r a i n i n g  and t h e  t e ache r  guide a r e  excluded from 

t h e  account ing  of c o s t s  f o r  t h e  r a d i o  p r o j e c t ;  t h i s  reduces  t h e  

r ecep t i on  s i t e  c o s t s  imputed t o  r a d i o  from $3.06 pe r  year  t o  $2.58 

pe r  yea r .  The second assumption i s  t h a t  t h e  p r o j e c t  e l i m i n a t e  

u t i l i z a t i o n  of p r i n t e d  workbooks; t h i s  would save $.97 pe r  s t u d e n t  

pe r  yea r .  

S m a r y  of Costs  f o r  t h e  Radio Mathematics P r o j e c t  

Cost f unc t i on .  Our c o s t  f unc t i on  f o r  t h e  RMP w i l l  be cons t ruc t ed  - 
t o  g i v e  annua l ized  t o t a l  c o s t ,  TC , a s  a  l i n e a r  f u n c t i o n  of two 

independent va r i ab l e s - - t he  number of l e s s o n s  p resen ted  p e r  y e a r ,  h, 

and t h e  number of s t u d e n t s  e n r o l l e d  i n  a  cou r se ,  N . Each e n r o l l e d  

s t u d e n t  would t ake  t h e  150 l e s s o n s  of  a  s i n g l e  y e a r ' s  course .  The 

cos t  f unc t i on  we a r e  assuming h a s ,  t hen ,  t h e  fo l lowing  form: 

where F , VN , and V a r e  paramete rs  w e  can determine from t h e  
h  

c o s t  d a t a  of t h e  p reced ing  subsec t i on .  



The f i r s t  p a r a m e t e r ,  F , c o n s i s t s  of  a l l  c o s t  components 

i n v a r i a n t  w i t h  r e s p e c t  t o  hours  of  p r o g r a m i n g  o r  s t r i d e n t  usage,  

t h a t  i s ,  i t  c o n s i s t s  of  c e n t r a l  p r o j e c t  c o s t s :  

F = a n n u a l i z e d  s t a r t i n g  c o s t s  + p r o j c c t  a d m i n i s t r a t i o n  

coots  + ( r c s e e r c h  c o s t s ) .  

We have p l a c e d  r e s e a r c h  c o s t s  i n  p a r e n t h e s e s  because  we f e e l  i t  

dubious  t h a t  t h e s e  g e n e r a l  r e s e a r c h  c o s t s  shou ld  be i n c l u d e d  i n  t h e  

Nicaragua c o s t  f u n c t i o n .  A s  most of  t h e  r e s e a r c h  covered by t h e s e  

c o s t s  h a s  r e s u l t s  d i r e c t e d  o u t s i d e  Nicaragua,  we w i l l  exc lude  t h e s e  

r e s e a r c h  c o s t s  from our  t o t a l  c o s t  e q u a t i o n ;  i n f o r m a t i o n  from Tab le  V.3 

w i l l  a l l o w  t h o s e  who wish t o  i n c l u d e  t h e s e  c o s t s  t o  do s o .  (On t h e  

o t h e r  hand,  we - do i n c l u d e ,  i n  Vh , t h e  c o s t  of f o r m a t i v e  e v a l u a t i o n  

r e s e a r c h  as b e i n g  d i r e c t l y  r e l a t e d  t o  program p r o d u c t i o n . )  

S ince  we a n n u a l i z e d  s tart  up c o s t s  a s  t h r e e  d i f f e r e n t  d i s c o u n t  

r a t e s ,  we have t h r e e  v a l u e s  f o r  F (each  e x c l u d i n g  r e s e a r c h  c o s t s ) :  

The n e x t  p a r a m e t e r ,  Vh , depends on t r a n s m i s s i o n  c o s t s  and 

program p r o d u c t i o n  c o s t s ;  i t  e q u a l s  t h e  a n n u a l i z e d  c o s t  o f  a l e s s o n  

p l u s  t h e  c o s t  of t r a n s m i t t i n g  i t  once.  The a n n u a l i z e d  c o s t  o f  a  

l e s s o n  i s  $86 at a  0  d i s c o u n t  r a t e ;  $128 a t  a  7.5% d i s c o u n t  r a t e ;  

and $170 at a 15% d i s c o u n t  r a t e .  The c o s t  of  t r a n s m i s s i o n  is  
2 

$12.80. Thus w e  have 

 h his assumes t h a t  each  l e s s o n  is b r o a d c a s t  on ly  once p e r  y e a r .  
The r e l a t i v e l y  s m a l l  c o s t  of  t r a n s m i s s i o n  s u g g e s t s ,  i f  t h e r e  were 
e i t h e r  pedagog ica l  advan tages  f o r  r e p e a t  b r o a d c a s t i n g  o r  advan tages  
i n  s h i f t i n g ,  t h a t  t h e  r e s u l t i n g  i n c r e a s e s  i n  t r a n s m i s s i o n  c o s t  would 
be r e l a t i v e l y  s l i g h t .  



1'111' t i n a l  c - c l s t  ~jar: l~nc>tt?r ,  VN , Jt*pt~ntI~: I ~ I I  l v I V I  tlie cost.  per 

e n r o l l e d  s t u d e n t  p e r  y e a r .  From Tab le  V. 5  wc scc t h a t  V, a $3 .06 /y r .  3  

Our f i n a l  c o s t  e q u a t i o n s  a r e ,  t h e n ,  g iven  by ( i n  d o l l a r s  p e r  y e a r )  

60,500 + 9 9 h +  3 .1N i f  r =  0  

TC = 73,400 + 1 4 1  h  + 3.1  N i f  r = 7.5% 

90,200 + 1 8 3  h  + 3 . 1  N i f  r = 15%. 

Average c o s t s .  The above e q u a t i o n s  can be  used t o  compute t h e  

a v e r a g e  c o s t  of r a d i o  p e r  s t u d e n t  p e r  y e a r ,  AC , and t h e  c o s t  p e r  

s t u d e n t  hour of  exposure ,  PHC , a s  a  f u n c t i o n  of t h e  v a l u e 8  of h  

and N . Table  V.6 shows t h e  r e s u l t s  of  computa t ions  of t h i s  s o r t  f o r  

two v a l u e s  of h  --450and 900--and s e v e r a l  v a l u e s  of N . T h i s  t a b l e  

u s e s  t h e  c o s t  f u n c t i o n  t h a t  h a s  a  7.5% d i s c o u n t  r a t e .  S i n c e  t h e r e  

a r e  150 l e s s o n s  p e r  y e a r ,  a  v a l u e  of h  = 450 i m p l i e s  r a d i o  coverage  

( i n  mathemat ics)  f o r  3  g rade  l e v e l s ;  h  = 900 i m p l i e s  r a d i o  coverage  

f o r  a l l  6 e l ementa ry  g r a d e s .  

Even w i t h  between 10,000 and 50,000 u s e r s ,  t h e  average  c o s t s  

remain s u b s t a n t i a l l y  above t h e  marg ina l  c o s t  of  $3.06 p e r  s t u d e n t  

p e r  y e a r .  And, u n l e s s  t h e s e  h igh marg ina l  c o s t s  a r e  r educed ,  t h e  

c o s t s  of t h e  RMP w i l l  remain h i g h e r  than f o r  o t h e r  r a d i o  p r o j e c t s ,  

and f a l l  i n  t h e  low end of t h e  range of  i n s t r u c t i o n a l  t e l e v i s i o n  

c o s t s  (Jamison and Klees ,  1975, p.  356).  

3. CONCLUSION 

Three  b a s i c  p o i n t s  emerge from t h e  a n a l y s i s  j u s t  p r e s e n t e d  of  

t h e  c o s t s  of t h e  RMP i n  Nica ragua :  I n  t h e  f i r s t  p l a c e ,  t h e  i n t e n s i v e  

e f f o r t s  put  i n t o  program p r e p a r a t i o n  s u g g e s t  t h a t ,  u n l e s s  c a r e f u l  

e f f o r t  i s  under taken t o  make t h e s e  programs a v a i l a b l e  t o  many u s e r s ,  

3 ~ t r i c t l y  s p e a k i n g ,  VN = $3.06 i f  r = 7.5% ; we assume, 

however, t h a t  VN i s  n o t  dependent  on r because  t h e  c o s t  

i m p l i c a t i o n s  a r e  s o  s l i g h t .  



'I'ABLE V .  6  

AVERAGE C D S T S ~  

h  = 450 ( 3  g r a d e s  covered)  h  = 900 ( 6  g r a d e s  covered)  

B 
These average  c o s t s  a r e  computed from tl lr  c o s t  f u n c t i o n  t h a t  

has  a  d i s c o u n t  r a t e  of 7.5%. 

b~~ s t a n d s  f o r  t h e  a v e r a g e  c o s t  p e r  s t u d e n t  p e r  y e a r  i n  
d o l l a r s .  

C 
PHC s t a n d s  f o r  t h e  p e r  hour c o s t  of i n s t r u c t i o n  p e r  s t u d e n t ;  

as t h e r e  a r e  150 30-minute l e s s o n s  p e r  y e a r ,  PHC = AC/75. 



t h e  c o s t  p e r  s t u d e n t  of program produc t ion  w i l l  be ex t remely  h igh .  

The c o s t s  can be  sp read  among u s e r s  by i n s u r i n g  a  long l i f e  (10 + 
y e a r s )  f o r  t h e  programs, by implementing t h e  RMP through a l l  o r  most 

of Nica ragua ,  and by a t t e m p t i n g  t o  use  t h e  same programs w i t h  o n l y  

s l i g h t  r e v i s i o n  f o r  Spanish-speaking s t u d e n t s  e l sewhere  i n  L a t i n  

America o r  w i t h i n  t h e  United S t a t e s .  

Second, the  p r e s e n t l y  planned l e v e l s  o f  c lassroom s u p e r v i s i o n ,  

t e a c h e r  t r a i n i n g ,  and s t u d e n t  workbook usage r e s u l t  i n  pe r  s t u d e n t  

r e c e p t i o n  c o s t s  of $3.06 p e r  y e a r ,  o r ,  assuming 150 30-minute l e s s o n s  

i n  a  y e a r ,  c o s t s  of  4 . 2 ~  p e r  s t u d e n t  hour.  These c o s t s  a r e  excep- 

t i o n a l l y  h i g h ,  s u g g e s t i n g  t h e  va lue  of  c o n t i n u e d ,  c a r e f u l  exper imenta-  

t i o n  wi th  lower l e v e l s  o f  s u p e r v i s i o n ,  l e s s  f r e q u e n t  and l e s s  

i n t e n s i v e  t e a c h e r  t r a i n i n g ,  t e a c h e r  t r a i n i n g  by r a d i o ,  and more 

l i m i t e d  workbook use .  

And f i n a l l y ,  i t  a p p e a r s  p o s s i b l e  t o  reduce s u b s t a n t i a l l y  t h e  

r e c e p t i o n  s i t e  c o s t s  and t o  sp read  programming c o s t s  over  a  l a r g e  

aud ience .  Even i f  t h i s  were t o  be done, t h e  p r o j e c t  i s  a p t  t o  remain 

somewhat expensive  by t h e  s t a n d a r d s  of i n s t r u c t i o n a l  r a d i o  p r o j e c t s .  

For t h i s  r e a s o n ,  p r i n c i p a l  emphasis i n  e v a l u a t i o n  of  t h e  RMP must be 

placed on i t s  c a p a c i t v  t o  improve t h e  e f f e c t i v e n e s s  of  i n s t r u c t i o n ,  

a s  i n d i c a t e d  by i t s  e f f e c t s  on mathematics achievement t e s t  s c o r e s  

and s t u d e n t  r e p e t i t i o n  r a t e s .  I t  i s  t o o  e a r l y  i n  t h e  p r o j e c t  t o  

a s s e s s  i t s  performance a long  t h e s e  dimensions .  



CHAPTER V I  

Mexico, a long  wi th  many o t h e r  developing n a t i o n s ,  f a c e s  a 

c o n t r a d i c t i o n  i n  t h e  p rov i s i on  of b a s i c  educa t i on  f o r  i t s  popula t ion ;  

t h e r e  i s  t h e  d e s i r e ,  expressed  by popular  sen t iment  and even l e g i s -  

l a t i v e  requ i rement ,  t o  p rov ide  a  complete primary school  educa t ion  t o  

a l l  i t s  people  whi le  a t  t h e  same time t h e r e  i s  a  l a c k  of  t e a c h e r s ,  

c lassrooms,  and m a t e r i a l s ,  e s p e c i a l l y  i n  t h e  r u r a l  a r e a s ,  s u f f i c i e n t  

t o  suppor t  t h e  school  age popula t ion .  Of t h e  32,855 primary s choo l s  

i n  t h e  count ry ,  only  6,440 have a  f u l l  s i x  g rades  complement, w i th  

most of t h e  l a t t e r  l o c a t e d  i n  urban a r e a s  ( s e e  Klees ,  1972) .  

I n  an a t t empt  t o  meet t h i s  problem, t h e  Mexican S e c r e t a r i a t  f o r  

Pub l i c  Education (SEP) i n i t i a t e d  i n  1969 an exper imenta l  program t h a t  

u t i l i z e d  i n s t r u c t i o n a l  r a d i o  t o  a i d  i n  t h e  p rov i s i on  of f o u r t h ,  

f i f t h  and s i x t h  grade educa t ion  t o  c e r t a i n  r u r a l  and semi- rura l  r eg ions  

t h a t  lacked a  complete primary s choo l .  Below we w i l l  examine Radio- 

p r ima r i a ,  w i th  t h e  main emphasis on t h e  c o s t s  of t h e  sytem: S e c t i o n  

1 w i l l  d e s c r i b e  t h e  system i n  g e n e r a l ,  i t s  t e c h n i c a l  c h a r a c t e r i s t i c s ,  

o rgan i za t i on ,  and u t i l i z a t i o n ,  a s  w e l l  a s  b r i e f l y  summarize ev idence  

on i t s  e f f e c t i v e n e s s ;  Sec t i on  2  w i l l  ana lyze  t h e  c o s t s  of  t he  system 

i n  d e t a i l ;  Sec t i on  3  w i l l  compare b r i e f l y  t h e  c o s t s  of Radiopr imaria  

wi th  t h a t  of t h e  t r a d i t i o n a l  d i r e c t  t each ing  system; and Sec t i on  4  

w i l l  p r e s e n t  concluding remarks. The d i s c u s s i o n  i n  Sec t i on  1 is  

based on t h e  a n a l y s i s  of t he  s t r u c t u r e  and u t i l i t y  of Radiopr imaria  

made by Spain (1973) and t h e  i n t e r e s t e d  r e a d e r  i s  r e f e r r e d  t h e r e  f o r  

more d e t a i l ;  subsequent  s e c t i o n s  a r e  t h e  work of t h e  a u t h o r s  ( a  

somewhat l e s s  d e t a i l e d  c o s t  a n a l y s i s  by one of t h e  a u t h o r s  i s  

inc luded  i n  Spain (1973) ) . 

1. THE SYSTEM 

Organiza t ion  and Technical  C h a r a c t e r i s t i c s  

Planning f o r  t he  Radiopr imaria  system began i n  1969. During t h e  

1969-1970 school  year ,  t h e  system was used i n  twenty-nine s choo l s  i n  



t h e  Va l l ey  of  Mexico and t h e  F e d e r a l  D i s t r i c t ,  bu t  was no t  con t inued  

i n  t h e s e  r e g i o n s  a f t e r  t h e  f i r s t  y e a r ,  excep t  f o r  one c lass room i n  

t h e  Exper imenta l  Educat ion Cen te r  i n  Mexico C i t y .  A t  t h e  beg inn ing  

o f  t h e  1970-1971 s c h o o l  y e a r ,  t h e  sys tem was t r i e d  o u t  on a small 

s c a l e  i n  t h e  S t a t e  of  San L u i s  P o t o s i  and is s t i l l  i n  use  t h e r e .  

T h i s  c a s e  s t u d y  r e p r e s e n t s  an a n a l y s i s  o f  Rad iopr imar ia  a s  i n s t i t u t e d  

i n  San L u i s  P o t o s i .  

Rad iopr imar ia  was in tended  p r i m a r i l y  t o  a l l o w  a  s c h o o l  w i t h  f o u r  

t e a c h e r s  to o f f e r  a l l  s i x  g r a d e s  o f  primary s c h o o l i n g .  Three t e a c h e r s  

would h a n d l e  t h e  f i r s t  t h r e e  g r a d e s  i n  t h e  t r a d i t i o n a l  manner; t h e  

f o u r t h  t e a c h e r  would have t h e  4 t h ,  5 t h  and 6 t h  g r a d e s  i n  one 

c lassroom and would i n s t r u c t  w i t h  t h e  a s s i s t a n c e  of  r a d i o  l e s s o n s .  

Some i n s t r u c t i o n a l  r a d i o  programs would be g r a d e - s p e c i f i c  whi le  o t h e r s  

would b e  d i r e c t e d  t o  a l l  t h r e e  g rades  i n  common. When g r a d e - s p e c i f i c  

l e s s o n s  a r e  b r o a d c a s t ,  t h e  s t u d e n t s  i n  t h e  o t h e r  two g rades  a r e  supposed 

t o  engage i n  work on t h e i r  own. I t  should  a l s o  b e  no ted  t h a t  t h e  above 

s t r u c t u r e  i m p l i e s  t h a t  s t u d e n t s  may be d i r e c t e d  t o  l i s t e n  t o  t h e  same 

common b r o a d c a s t s  each  y e a r  f o r  t h r e e  y e a r s .  

I n s t r u c t i o n a l  r a d i o  l e s s o n s  a r e  p repared  by a  team of e i g h t  r a d i o  

t e a c h e r s  i n  s t u d i o s  l o c a t e d  i n  Mexico C i t y .  They a r e  sh ipped  by bus  

t o  San L u i s  P o t o s i ,  where t h e y  a r e  then b r o a d c a s t  by t h e  U n i v e r s i t y  

of  San L u i s  P o t o s i  r a d i o  s t a t i o n  ( a t  no charge  t o  SEP) w i t h i n  a  

t h i r t y  m i l e  r a d i u s  around t h e  c a p i t a l  c i t y .  Broadcas t s  a r e  made 

e v e r y  s c h o o l  day,  Monday t o  F r i d a y ,  from 9:00 a . m .  u n t i l  12:45 p.m. 

I n  Mexico C i t y ,  t h e  programs a r e  b r o a d c a s t  one hour  e a r l i e r  o v e r  

S t a t i o n  XEEP, i n  o r d e r  t o  be  used by t h e  exper imenta l  c lassroom,  as 

w e l l  a s  by some t r a d i t i o n a l  pr imary s c h o o l s  t h a t  use  t h e  l e s s o n s  on 

an i n f o r m a l  b a s i s .  

Each r a d i o  l e s s o n  l a s t s  14  minu tes  and abou t  5  programs a r e  

b r o a d c a s t  each s c h o o l  day.  The s u b j e c t s  o f  t h e  b r o a d c a s t s  a r e  t aken  

from t h e  o f f i c i a l  pr imary s c h o o l  c u r r i c u l u m  and are keyed d i r e c t l y  

t o  t h e  r e q u i r e d  t ex tbooks .  Emphasis i s  p laced  on Span i sh ,  a r i t h m e t i c ,  

h i s t o r y  and geography, a l though  l e s s o n s  d e a l i n g  w i t h  p h y s i c a l  e d u c a t i o n ,  

n a t u r e  s t u d y ,  and p r a c t i c a l  a c t i v i t i e s  a r e  common. Classroom t e a c h e r s  



rc-i.~' iv t ,  ~ * \ ~ i ' r y  ~ \ t  tl1.r wt,i.k ;I mlmeogri~ph~d doc-~mll.~rt t l r i r t  t.t\rlt ; i l ~ r s  r l r t .  

r ad io  I cssolr s~ . I r cd~ i l e  suggested a c t i v i t i e s  t o  complcllrcnt tlrc 

b roadcas t .  

U t i l i z a t i o n  

I n  1972, t h e r e  were 43 s choo l s  s e rv ing  about  2,800 4 t h ,  

5 t h ,  and 6 t h  grade s t u d e n t s  r e c e i v i n g  t h e  r a d i o  l e s s o n s .  However, 

c o n t r a r y  t o  t h e  o r i g i n a l  p l a n ,  on ly  seven of t h e s e  s choo l s ,  ou t  o f  

a  p o s s i b l e  seven ty  i n  t h e  S t a t e ,  were o r i g i n a l l y  incomplete s choo l s  

o f f e r i n g  l e s s  than s i x  g rades  of primary school .  Moreover, about 

60% of t h e  s choo l s  t h a t  had a l l  s i x  g rades  d i d  no t  have s i x  t e a c h e r s ,  

s o  o f t e n  two o r  t h r e e  of t h e  h ighe r  g rades  had a l r e a d y  been combined 

i n t o  one c lassroom wi th  one t e a c h e r .  

There is  no r e l i a b l e  in format ion  on t h e  number of s t u d e n t s  t h a t  

p a r t i c i p a t e d  i n  t h e  system i n  t h e  f i r s t  year  o f  i t s  o p e r a t i o n  i n  San 

Lu i s  P o t o s i .  Fur thermore,  i t  is  known t h a t  t h e  Mexico C i ty  b roadcas t s  

a r e  picked up and used by s choo l s  t h a t  do no t  fo rmal ly  p a r t i c i p a t e  

i n  t h e  Radiopr imaria  program, bu t  aga in ,  no d a t a  a r e  a v a i l a b l e  on 

t h e  e x t e n t  o f  such use.  Also,  s i n c e  t h e  b roadcas t s  a r e  open c i r c u i t ,  

beaming over  r e g u l a r  r a d i o  band f r equenc i e s  i n  both San Luis  P o t o s i  

and Mexico C i t y ,  i t  is  thought t h a t  t h e r e  a r e  many a d u l t s  who tune 

i n  t h e  l e s s o n s .  Indeed,  one of t h e  o r i g i n a l  g o a l s  of t h e  Radiopr imaria  

system was t o  a l l ow  a d u l t s  who had n o t  completed primary school  t o  

p a r t i c i p a t e  a s  in formal  s t u d e n t s .  

Over t he  s choo l  year  about 1 ,200  14-minute programs a r e  broad- 

c a s t ,  t h a t  i s ,  approximately  280 hours .  Given t h a t  about 80% of t h e  

programs a r e  d i r e c t e d  a t  t h e  combined 4 t h ,  5 t h ,  and 6 t h  grade 

aud ience ,  wi th  t h e  remaining 20% d i s t r i b u t e d  among t h e  t h r e e ,  we can 

c a l c u l a t e  t h e  average number o f  hours  d i r e c t e d  a t  a  s t u d e n t  i n  any 

p a r t i c u l a r  grade t o  be 242 per  yea r .  

E f f e c t i v e n e s s  

Spain (1973) gave p r e t e s t s  and p o s t t e s t s  over  a  semes te r  per iod  

t o  a  random sample of r a d i o  and nonrad io  s t u d e n t s  i n  t h e  s i x t h  g rade .  



He conc ludes  from t h e  t e s t  r e s u l t s  t h a t  Rad iopr imar ia  "has  produced 

s c o r e s  t h a t  a r e  comparable t o  those  of  t h e  c h i l d r e n  i n  d i r e c t  t e a c h i n g  

schoo l s"  ( S p a i n ,  1973,  p .  4 2 ) .  However, t h e r e  a r e  some doub t s  as 

t o  t h e  r e l i a b i l i t y  o f  the  r e s u l t s  g e n e r a t e d ,  which Spain himself  

e x p l i c i t l y  r e c o g n i z e s .  For example,  a l t h o u g h  t h e  r u r a l  r a d i o  

c l a s s e s  had h i g h e r  g a i n  s c o r e s  than  t h e  nonrad io  c l a s s e s ,  o n l y  a  

few of  t h e  r a d i o  c l a s s e s  a r e  t h a t  t y p e  o f  c l a s s  f o r  which t h e  

Rad iopr imar ia  sys tem was o r i g i n a l l y  in tended .  In  s p i t e  of  S p a i n ' s  

modest c l a i m s  f o r  t h e  c o g n i t i v e  e f f e c t i v e n e s s  of  t h e  r a d i o  sys tem,  

and of  t h e  d i f f i c u l t y  of  drawing f i r m  c o n c l u s i o n s  from t h e  d a t a  he 

had a v a i l a b l e ,  h i s  d a t a  sugges t  t h a t  s t u d e n t s  i n  t h e  r a d i o  s c h o o l  

performed b e t t e r  than  t h o s e  i n  nonrad io  s c h o o l s  i n  bo th  Spanish  

and mathemat ics ,  and t h e  d i f f e r e n c e  i n  Spanish  was h i g h l y  s t a t i s t i c a l l y  

s i g n i f i c a n t .  

I n  many r e s p e c t s ,  S p a i n ' s  e v a l u a t i o n  of  some of  t h e  o t h e r  

a s p e c t s  of t h e  Radiopr imar ia  sys tem is more e n l i g h t e n i n g  than t h e  

a n a l y s i s  of c o g n i t i v e  outcomes d e s c r i b e d  above. Through v i s i t i n g  

a l l  t h e  r a d i o  s c h o o l s  and s e v e r a l  of  t h e  nonrad io  s c h o o l s ,  and by 

t a l k i n g  w i t h  sys tem p a r t i c i p a n t s ,  a  number of problems were uncovered.  

Spain  e s t i m a t e s  t h a t  15  t o  20% of  t h e  c l a s s e s  m i s s  t h e  

f i r s t  h a l f  hour of b roadcas t  due t o  t e a c h e r  a n d / o r  s t u d e n t  l a t e  

a r r i v a l .  Fur thermore ,  of t h e  f o r t y - f o u r  r a d i o  s c h o o l s  v i s i t e d ,  one 

was i n e x p l i c a b l y  c l o s e d  and e i g h t e e n  o t h e r s  were n o t  u s i n g  t h e  r a d i o  

t h a t  p a r t i c u l a r  day- -e i the r  because  i t  needed r e p a i r ,  o r  t h e  power 

had f a i l e d ,  o r  t h e  t e a c h e r  had dec ided  t h e  l e s s o n s  were u s e l e s s .  

No f e d e r a l  funds  a r e  a l l o c a t e d  f o r  r a d i o  purchase  and consequen t ly  

they  must be bought and main ta ined  by t h e  t e a c h e r  o r  t h e  community; 

i n  one c a s e  no  r a d i o  had been purchased because  t h e  t e a c h e r  and t h e  

community could  n o t  a g r e e  on who would pay f o r  i t .  Of t h e  remaining 

twen ty - f ive  s c h o o l s  found u s i n g  r a d i o s ,  seven had i n a u d i b l e  r e c e i v e r s .  

Spain r e p o r t s  widespread r e c e p t i o n  problems, which i s  n o t  s u r p r i s i n g  

g iven  t h e  fund ing  arrangements  which do n o t  seem conducive  t o  t h e  

purchase  of adequa te  r e c e i v e r s  and t h e i r  maintenance.  



Spain a t t r i b u t e s  many of  t h e  above problems t o  a l a c k  of  r e s o u r c e s  

a l l o c a t e d  f o r  schoo l  s u p e r v i s i o n .  Schools  have been dropping o u t  of  

the  Radiopr imaria  sys tem;  i n  t h e  f i r s t  yea r  of o p e r a t i o n  t h e r e  were 

49 r a d i o  s c h o o l s ,  i n  1971-1972 t h e r e  were 44,  and the  fo l lowing  y e a r  

t h e r e  were o n l y  37. Spain  d e s c r i b e s  how t h e  i n i t i a l  accep tance  o f  

Radiopr imaria  was f o s t e r e d  by t h e  D i r e c t o r  o f  t h e  l o c a l  Audiov i sua l  

Cen te r ,  through f r e q u e n t  v i s i t s  t o  t h e  r u r a l  c lass rooms ,  u s i n g  h i s  

own automobi le .  T h i s  i n d i v i d u a l ' s  automobi le  broke down a t  t h e  end 

o f  t h a t  f i r s t  y e a r  and r e s o u r c e s  were n o t  for thcoming from t h e  f e d e r a l  

government t o  suppor t  such e f f o r t s  i n  subsequent  y e a r s .  Consequent ly ,  

Spain  f e e l s  t h a t  enthusiasm f o r  t h e  sys tem h a s  been waning. 

F i n a l l y ,  Spain  a l s o  examines t h e  p o t e n t i a l  b e n e f i t s  o f  t h e  Radio- 

p r i m a r i a  s y s t e m ' s  expans ion  o f  pr imary school  e d u c a t i o n  i n  r u r a l  

a r e a s .  Cont ra ry  t o  t h e  avowed government i n t e n t i o n  o f  t h e  sys tem 

a i d i n g  i n  r u r a l  development,  p a r e n t s  and s t u d e n t s  s e e  pr imary school  

g r a d u a t i o n  as p r i m a r i l y  a means t o  l e a v e  t h e  r u r a l  a r e a s  and compete 

i n  t h e  urban l a b o r  market .  Even more u n f o r t u n a t e l y ,  S p a i n ' s  a s s e s s -  

ment o f  t h e  employment market i n  t h e  c h i e f  urban a r e a  of  t h e  S t a t e ,  

t h e  c a p i t a l ,  i n d i c a t e s  widespread unemployment and an e x c e s s  supply 

of primary school  g r a d u a t e s .  

2 .  SYSTEM COSTS 

Table  V I . l  p r e s e n t s  t h e  c o s t s  of  t h e  Radiopr imaria  sys tem i n  a 

format t h a t  assumes t o t a l  c o s t s  v a r y  l i n e a r l y  w i t h  t h e  number of 

s t u d e n t s  i n  t h e  system and t h e  number of  hours  o f  r a d i o  l e s s o n s  

b roadcas t  annua l ly .  That is,  

( V I . l )  TC (N, h) = F + VN N + V h , H 

where TC = t o t a l  c o s t  

N = t h e  number of  s t u d e n t s  t h e  sys tem s e r v e s ,  

h = t h e  number o f  hours  t h e  sys tem b r o a d c a s t s ,  

F = f i x e d  c o s t s  of  t h e  sys tem,  

VN = c o s t s  of  t h e  system t h a t  a r e  v a r i a b l e  w i t h  N ,  

and Vh = c o s t s  of t h e  system t h a t  a r e  v a r i a b l e  w i t h  h .  



TABLE V I .  1 

COST OF RADIO PRIMA RIA^ 

I n t e r e s t  R a t e  0% 
- - - - - - - 7 .5% - -- -- -- - - 

1 5 %  

F i x e d  : V a r i a b l e  F i x e d  : V a r i a b l e  F i x e d  : V a r i a b l e  
- - - - - - 

S t u d e n t  : Hour S t u d e n t  : Hour S t u d e n t  : Hour 

PRODUCTION 

C a p i t a l  

S t u d i o s  
S t u d i o  Equipment 
Audio Tapes  

R e c u r r e n t  

P e r s o n n e l  
Equipment M a i n t e n a n c e  

TRANSMISSION 

O p e r a t i o n s  

RECEPTION 

C a p i t a l  

R e c e i v e r s  

R e c u r r e n t  

O p e r a t i o n s  6 Main tenance  

TOTAL . 1 3  125 .09  . 1 5  1 2 9 . 6 4  . 1 7  1 3 5 . 5 1  

S e e  f o l l o w i n g  p a g e  f o r  f o o t n o t e .  



Footnote t o  T a b l e  V I .  1 -- - -- -- 

a Cost d a t a  were ga thered  by Klees  i n  1972. Produc t ion  and t r a n s -  
miss ion  c o s t s  a r e  assumed t o  vary  w i th  t h e  number of hours  b roadcas t  
p e r  y e a r ,  which was 280 i n  1972. Recept ion c o s t s  a r e  assumed t o  vary  
w i th  t he  number of s t u d e n t s  i n  t he  system, which was 2,800 i n  1972. 
The b a s i s  f o r  each c o s t  component e s t i m a t i o n  i s  a s  fo l lows :  

S tud io s .  The two s t u d i o s  and one c o n t r o l  room c o s t  
approximately  $8,000 t o  c o n s t r u c t .  T h i s  i s  annua l ized  
over  an assumed 20-year l i f e .  

S tud io  equipment. The s t u d i o  equipment c o s t  $16,600 and is  
annua l ized  over  an assumed 10-year l i f e .  

Audio t ape s .  Audio t a p e s  c o s t  $6.80 f o r  a  t a p e  of h igh  q u a l i t y ;  
280 such t a p e s  a r e  needed and t h e i r  c o s t  is annua l ized  over  
an  assumed 10-year l i f e .  

P roduc t ion  personne l .  The s a l a r i e s  of a d m i n i s t r a t o r s ,  t e c h n i c a l  
pe r sonne l  and r a d i o  t e a c h e r s  t o t a l l e d  $28,000 i n  1972. 

Produc t ion  equipment maintenance.  T h i s  c o s t  i s  assumed t o  be  
10% of t h e  va lue  of t h e  s t u d i o  equipment,  o r  $1,660 pe r  
year .  

Transmiss ion ope ra t i ons .  A c o s t  of $14.43 p e r  hour of t r a n s -  
miss ion was e s t ima t ed  by t h e  Un ive r s i t y  of San Lu i s  P o t o s i  
r a d i o  s t a t i o n  f o r  use  of i t s  250-watt t r a n s m i t t e r  and 
broadcas t  f a c i l i t y .  

Reception r e c e i v e r s .  Radio r e c e i v e r s  a r e  assumed t o  c o s t  $20 
and a r e  annua l ized  over  an assumed 5-year l i f e .  The average 
c l a s s  s i z e  i s  assumed t o  be 45,  which a l though  somewhat 
h i g h e r  than u s u a l  f o r  r u r a l  a r e a s  i n  Mexico, r e f l e c t s  t h e  
use of combined grades  i n  one c lassroom. 

Recept ion o p e r a t i o n s  and maintenance.  T h i s  c o s t  i s  assumed t o  
equa l  10% of t he  c o s t  of a  r e c e i v e r  annua l l y .  



I t  should  be s t r e s s e d  t h a t  t h e  c o s t  f u n c t i o n  pa ramete r s  p r e s e n t e d  

a r e  o n l y  approx imat ions ;  c o s t  d a t a  were a v a i l a b l e  f o r  o n l y  one y e a r ,  

1 9 7 2 ,  and  t o  a p p l y  t h e  c o s t  f u n c t i o n  t h a t  w i l l  be summarized below 

t o  r a t e s  of  u t i l i z a t i o n  d i f f e r e n t  from t h a t  e x i s t i n g  i n  1972 r e q u i r e s  

some r a t h e r  s t r i c t  a s sumpt ions .  F i r s t  i t  w i l l  be  no ted  t h a t  t h e r e  

a r e  no  f i x e d  c o s t s  of  t h e  sys tem;  a l l  c o s t s  a r e  assumed t o  be v a r i -  

a b l e  w i t h  N and h  . For p r o d u c t i o n  c o s t s ,  t h i s  assumpt ion is  

o b v i o u s l y  n o t  t r u e  f o r  marg ina l  c h a r g e s  i n  t h e  number of hours  

b r o a d c a s t ,  a s ,  f o r  example, s u f f i c i e n t  p e r s o n n e l ,  s t u d i o  space  and 

s t u d i o  equipment probably  a l r e a d y  e x i s t  t o  expand p r o d u c t i o n  somewhat. 

None the less ,  g iven  a  longer-run view,  a l l  t h e s e  c o s t  components a r e  

t o  some d e g r e e  v a r i a b l e  w i t h  t h e  number of  b r o a d c a s t  hours  produced.  

I t  shou ld  b e  no ted  t h a t  a smooth l i n e a r  f u n c t i o n  a s  p o s i t e d  i s  on ly  

a  rough approx imat ion  t o  what i s  p robab ly  a  s t e p  f u n c t i o n - - t h a t  i s ,  

i n v e s t m e n t s  i n  p r o d u c t i o n  a r e  lumpy i n  t h a t  a c e r t a i n  amount must be 

i n v e s t e d  r e g a r d l e s s  of  t h e  e x t e n t  of p r o d u c t i o n  and t h a t  a n o t h e r  

lump inves tment  would be  needed f o r  expansion when t h e r e  is no e x c e s s  

c a p a c i t y  l e f t  i n  t h e  i n t i a l  s e t u p .  

I t  might be thought t h a t  t h e  t r a n s m i s s i o n  components would have 

s i g n i f i c a n t  f i x e d  c o s t s ,  b u t  t h i s  w i l l  be t h e  c a s e  o n l y  when t r a n s -  

miss ion  f a c i l i t i e s  a r e  c o n s t r u c t e d ,  a s  opposed t o  l e a s e d  o r  dona ted .  

I n  t h e  l a t t e r  c a s e s ,  a  c o s t  i s  charged o r  imputed on an h o u r l y  b a s i s  

t h a t  i n c l u d e s  a n  a l lowance f o r  c a p i t a l  a m o r t i z a t i o n .  F i n a l l y ,  recep-  

t i o n  c o s t s ,  which i n c l u d e  r a d i o  r e c e i v e r s  and t h e i r  maintenance and 

o p e r a t i o n ,  may be  r e a s o n a b l y  assumed t o  va ry  d i r e c t l y  w i t h  t h e  number 

of  s t u d e n t s  i n  t h e  sys tem;  t h i s  assumes t h a t  c l a s s  s i z e  would n o t  

be i a c r e a s e d ,  a l t h o u g h  f o r  m a r g i n a l  expansion t h i s  is a lways  a 

p o s s i b i l i t y .  

Tab le  V I . 1 ,  based on t h e  c o s t  i n f o r m a t i o n  e l a b o r a t e d  i n  i t s  

f o o t n o t e ,  c a l c u l a t e s  Rad iopr imar ia  c o s t s  f o r  each  of  t h r e e  s o c i a l  

r a t e s  of d i s c o u n t ,  0%, 7 .5%,  and 15%. P r o d u c t i o n  c o s t s  e q u a l  $110.66 

p e r  hour g iven  no d i s c o u n t i n g  f o r  t h e  f u t u r e ;  $115.21 p e r  hour  a t  a  

7.5% r a t e ;  and $121.08 p e r  hour  a t  a  15% r a t e .  Although t r a n s m i s s i o n  

c o s t s  shou ld  a l s o  v a r y  w i t h  t h e  d i s c o u n t  r a t e ,  t h e  $14.43 pe r  hour  
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of c a p i t a l  and r e c t ~ r r e n t  c o s t s .  F i n a l l y ,  r e c e p t i o n  c o s t s  a r e  $.13 

p e r  s t u d e n t  a t  a  0% d i s c o u n t  r a t e ;  $ . I 5  p e r  s t u d e n t  a t  a  7.5% r a t e ;  

and $ . I 7  p e r  s t u d e n t  a t  a 15% r a t e .  

The c o s t  f u n c t i o n  and average  c o s t  i n f o r m a t i o n  f o r  1972 may be 

summarized b r i e f l y  below: 

Cost p e r  
T o t a l  Cost Equa t ion  

A C ~  
ACN/VN S tuden t  Hour - 

The average  c o s t  p e r  s t u d e n t  (AC ) assumes Radiopr imaria  u t i l i z a -  
N 

t i o n  l e v e l s  of  t h e  y e a r  1972: 2,800 s t u d e n t s  and 280 hours  b r o a d c a s t .  

The c o s t  pe r  s t u d e n t  hour  f i g u r e  r e f l e c t s  t h e  r a t h e r  unique common 

b r o a d c a s t  f e a t u r e  of  t h e  Rad iopr imar ia  sys tem;  t h a t  i s ,  s t u d e n t s  

r e c e i v e  about  242 hours  of i n s t r u c t i o n a l  r a d i o  each y e a r ,  a l though  

o n l y  280 hours  a r e  produced i n  t o t a l  f o r  a l l  t h r e e  g rades  s i n c e  80% 

of  t h e  b r o a d c a s t s  a r e  aimed a t  t h e  combined t h r e e  g rades  aud ience .  

The r a t i o  of average  c o s t  p e r  s t u d e n t  t o  v a r i a b l e  c o s t  p e r  s t u d e n t  

i n d i c a t e s  t h a t  p roduc t ion  c o s t s  dominate sys tem c o s t s ,  which i s  n o t  

s u r p r i s i n g  given t h e  t e n t a t i v e ,  exper imenta l  n a t u r e  of  t h e  system 

a t  t h i s  d a t e .  Average c o s t s  p e r  s t u d e n t  could  be lowered s u b s t a n t i a l l y  

by expanding t o  i n c l u d e  more s t u d e n t s  i n  t h e  system. F i n a l l y ,  a s  we 

have no ted  i n  t h e  o t h e r ' c a s e  s t u d i e s ,  c o s t s  a r e  q u i t e  s e n s i t i v e  t o  t h e  

i n t e r e s t  r a t e ;  Radiopr imaria  c o s t s  a lmost  10% more i f  we v a l u e  t h e  

f u t u r e  a t  a  15% r a t e  than  i f  we n e g l e c t  t o  t a k e  t ime p r e f e r e n c e  i n t o  

account .  

3 .  COST COMPARISON WITH THE TRADITIONAL SYSTEM 

Radiopr imaria  was conceived o f ,  i n  p a r t ,  a s  a  l e s s  expens ive  

method than  t h e  t r a d i t i o n a l  d i r e c t  t e a c h i n g  system f o r  p r o v i d i n g  
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f a c i n g  t h e  SEP is  whether t o  t a k e  s t u d e n t s  i n  a r u r a l  a r e a  and g i v e  

them f o u r t h ,  f i f t h ,  and s i x t h  g rade  e d u c a t i o n  i n  t h r e e  c lass rooms  

w i t h  t h r e e  t e a c h e r s ,  o r  t o  p u t  them i n  one c lass room w i t h  one t e a c h e r  

and one r a d i o  f o r  t h r e e  y e a r s .  

Even i f  enough t e a c h e r s  cou ld  be found who were w i l l i n g  t o  work 

i n  r u r a l  communities (which i s  a  problem i n  Mexico), Table  VI .2  

i n d i c a t e s  t h a t  t h e  Rad iopr imar ia  a l t e r n a t i v e  i s  a  much l e s s  expens ive  

a l t e r n a t i v e  t h a n  t h e  t r a d i t i o n a l  sys tem;  t h e  former c o s t s  abou t  60 

p e r c e n t  less than  t h e  l a t t e r  and t h i s  advantage would be i n c r e a s e d  

i f  s t u d e n t  u t i l i z a t i o n  were hypo thes ized  t o  be g r e a t e r  than  2 ,800.  

The a d d i t i o n a l  c o s t s  of t h e  i n s t r u c t i o n a l  r a d i o  components of t h e  

Radiopr imar ia  sys tem a r e  more than  o f f s e t  by t h e  reduced t e a c h e r  and 

f a c i l i t y  c o s t s  r e s u l t i n g  from t h e  combinat ion of t h r e e  g r a d e s  i n t o  

one c lass room w i t h  one t e a c h e r .  

4 .  CONCLUSIONS 

The Radiopr imar ia  sys tem is an i n t e r e s t i n g  a t t empt  a t  meet ing 

t h e  problem of  l a c k  o f  s u f f i c i e n t  e d u c a t i o n a l  o p p o r t u n i t i e s  

i n  r u r a l  a r e a s  f a c i n g  Mexico and most o t h e r  deve lop ing  n a t i o n s .  

Although its c o s t s  may appear  somewhat h i g h e r  than  o t h e r  i n s t r u c t i o n a l  

r a d i o  p r o j e c t s  ( s e e  Chapter  1 1 1 ) ,  t h i s  is  e n t i r e l y  due t o  i t s  p r e s e n t  

e x p e r i m e n t a l ,  low s t u d e n t  u t i l i z a t i o n  fo rmat :  i f  t h e  number o f  s t u d e n t s  

i n c l u d e d  i n  t h e  sys tem expanded,  c o s t s  p e r  s t u d e n t  cou ld  f a l l  

s u b s t a n t i a l l y .  Fur thermore ,  w e  have j u s t  observed i n  t h e  p r e v i o u s  

s e c t i o n  t h a t  t h e  unique c o n f i g u r a t i o n  o f  t h e  sys tem,  which combines 

s e v e r a l  g r a d e s  i n  one c lass room w i t h  one t e a c h e r ,  r e s u l t s  i n  c o n s i d e r -  

a b l e  c o s t  s a v i n g s  o v e r  t h e  t r a d i t i o n a l  d i r e c t  t e a c h i n g  sys tem.  Of 

c o u r s e ,  d e s p i t e  a  f a v o r a b l e  c o s t  comparison,  t h e  merits of  t h e  sys tem 

must b e  judged by c o s t  d a t a  combined w i t h  i n f o r m a t i o n  on r e l a t i v e  

pedagog ica l  e f f e c t s  and long  r u n  b e n e f i t s .  
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TABLE VI.2 

rtUNUAL COS'I' PER STUDENT COMPARISON: KAI)IOPKlPlARIA 

VERSUS TRADITIONAL  INSTRUCTION^ 

Traditional Components Radioprimaria Traditional Instruction 

Administration $ 50.00 
Classroom teacher 32.00 
Facilities 6.10 

Sub-total $ 88.10 

Instructional Radio Components 

Production 
Transmission 
Reception 

Sub- total $ 13.12 $ 0.00 

Total Annual Cost Per Student $101.22 $164.29 

a 
This cost estimate assumes an average of 15 students per grade, 

which would yield a 45-student class size for the Radioprimaria system. 
A social discount rate of 7.5% is used for capital amortization. The 
assumption on which each component is based is as follows: 

Administration. This is a very rough approximation, equal to the 
administrative cost per student calculated for the traditional 
secondary school system as presented in Chapter XI. 

Classroom teacher. This assumes that the salary of a primary 
school teacher is equal to the average for such teachers in 
Mexico in 1972, which was $1,440 per year. 

Facilities. This assumes that the cost of a fully equipped rural 
classroom is $2,800 and has a life of twenty years. This 
figure is half that given in an untitled SEP report which 
estimates the cost of an urban classroom; half this estimate 
was used to reflect the lower cost classrooms that are 
usually constructed in rural regions in Mexico. 

Instructional radio components. These figures follow from those 
given in Table VI.1, assuming a 2,800 student enrollment 
as in 1972. 



I n  terms of  pedagogica l  e f f e c t s ,  S p a i n ' s  a n a l y s i s  appears  

i n c o n c l u s i v e ,  s i n c e  t h e r e  was not  a  c l e a r  comparison made of j o i n t  

f o u r t h ,  f i f t h ,  and s i x t h  grade c lassrooms with  r a d i o ,  v e r s u s  d i r e c t  

t e a c h i n g  w i t h  one t e a c h e r  a s s i g n e d  t o  each g r a d e .  Spa in  (1973, p .  35) 

does i n d i c a t e  t h a t  t h e r e  may be some problem w i t h  t h e  g r a d e - s p e c i f i c  

i n s t r u c t i o n a l  r a d i o  l e s s o n  format u t i l i z e d  i n  Rad iopr imar ia ,  i n  t h a t  

t h e  s t u d e n t s  n o t  r e c e i v i n g  t h e  b r o a d c a s t s  "did n o t  show a  g r e a t  

d e a l  of c o n c e n t r a t i o n "  when they  were supposed t o  be working on 

t h e i r  own. T h i s  is  n o t  e s p e c i a l l y  s u r p r i s i n g  a s  i t  i s  l i k e l y  t h a t  

t h e  ongoing r a d i o  l e s s o n  would be d i f f i c u l t  t o  i g n o r e .  I n  a d d i t i o n ,  

i t  i s  a t  l e a s t  q u e s t i o n a b l e  on a  p r i o r i  grounds t h a t  cormnon f o u r t h ,  

f i f t h  and s i x t h  grade b r o a d c a s t s ,  which a r e  l i k e l y  t o  be r e p e a t e d  

t o  a s t u d e n t  each year  f o r  t h r e e  y e a r s ,  a r e  a  b e n e f i c i a l  pedagogica l  

t o o l .  In s h o r t ,  b e f o r e  a d o p t i n g  such a sys tem a s  Radiopr imaria  i n  

arlother c o u n t r y ,  o r  expanding t h e  system i n  Mexico, i t  would seem 

w i s e ,  a s  Spain  s u g g e s t s ,  t o  engage i n  a  more r i g o r o u s  e f f e c t i v e n e s s  

comparison.  

F i n a l l y ,  i t  should  a g a i n  be emphasized t h a t  t h e  i n d i v i d u a l  and 

s o c i e t a l  b e n e f i t s  of i n c r e a s i n g  primary school  enro l lment  i n  r u r a l  

a r e a s  a r e  a t  l e a s t  q u e s t i o n a b l e  a c c o r d i n g  t o  S p a i n ' s  a n a l y s i s .  

Although t h i s  does no t  r e f l e c t  on Radiopr imar ia ,  per -. s e ,  vis-;-vis 

a l t e r n a t i v e  i n s t r u c t i o n a l  t e c h n i q u e s ,  i n s t r u c t i o n a l  technology systems 

a r e  being used more and more f r e q u e n t l y  t o  ex tend  e d u c a t i o n a l  

o p p o r t u n i t i e s  t o  r u r a l  a r e a s ,  t o  meet s o c i a l  demands and consequent  

p o l i t i c a l  o b l i g a t i o n s .  C a r e f u l  a t t e n t i o n  must be  given t o  t h e  q u e s t i o n  

of whether t h i s  s o c i a l  demand is  based on r e l i a b l e  i n f o r m a t i o n ,  o r  

whether a d d i t i o n a l  educa t ion  merely  i n c r e a s e s  t h e  r u r a l  exodus t o  

overcrowded urban a r e a s  t h a t  l a c k  s u f f i c i e n t  employment o p p o r t u n i t i e s .  

I n c r e a s i n g  t h e  e d u c a t i o n a l  o p p o r t u n i t i e s  i n  r u r a l  a r e a s  should i n v o l v e  

more than  t h e  i n t a c t  t r a n s f e r  of an  urban c u r r i c u l u m ;  i n c r e a s e d  

c o n s i d e r a t i o n  needs t o  be given t o  r e a l  r u r a l  development and t h e  mean- 

i n g  t h a t  t h i s  h a s  f o r  e d u c a t i o n ,  i n  o r d e r  t o  a l l o w  t h e  promise  of  

e d u c a t i o n a l  b e n e f i t s  t o  become a r e a l i t y .  



CHAPTER VII 

E l  Salvador  began b r o a d c a s t i n g  i n s t r u c t i o n a l  t e l e v i s i o n  t o  a smal l  

number o f  7 t h  grade s t u d e n t s  i n  February,  1969. By 1972 b r o a d c a s t s  

reached over  48,000 s t u d e n t s  i n  g rades  7-9 w i t h  i n s t r u c t i o n  i n  a l l  t h e  

c o r e  s u b j e c t  a r e a s ;  t h e  sys tem h a s  con t inued  t o  expand s i n c e  then.  The 

i n t r o d u c t i o n  of  ITV i n  E l  Salvador  was done i n  t h e  c o n t e x t  o f  an o v e r a l l  

e d u c a t i o n a l  reform and was, moreover,  t h e  o b j e c t  of  c a r e f u l  e x t e r n a l  

e v a l u a t i o n  from t h e  o u t s e t  of  t h e  reform. T h i s  c h a p t e r ,  d e a l i n g  w i t h  

t h e  c o s t s  of  t h e  ITV a s p e c t  of  t h e  Reform, draws on d a t a  and a n a l y s i s  

r e s u l t i n g  from t h a t  o v e r a l l  e v a l u a t i o n  e f f o r t .  

1. THE SYSTEM 

The f i n a l  r e p o r t  of  t h e  e v a l u a t i o n  of ITV and t h e  Reform (Hornik ,  

I n g l e ,  Mayo, McAnany, and Schramm, 1973) c o n t a i n s  a  conc i se  d e s c r i p t i o n  

o f  t h e  reform and of t e l e v i s i o n ' s  r o l e  i n  i t ,  and we quo te  e x t e n s i v e l y  

from t h e i r  r e p o r t  by way of d e s c r i b i n g  t h e  system. 

To remedy t h e  numerous problems t h a t  had been i n h e r i t e d  
from p r e v i o u s  a d m i n i s t r a t  i o n s  and t o  s t r e a m l i n e  an e d u c a t i o n a l  
system whose g o a l s  and p rocedures  had ceased t o  f i t  t h e  needs  
of  E l  Sa lvador ,  M i n i s t e r  of  Educat ion Beneke s e t  f o r t h  a  
comprehensive,  f i v e  y e a r  reform p l a n  i n  1968. The p lan  was 
s y s t e m a t i c  and thorough i n  i t s  approach,  touching v i r t u a l l y  
every  a s p e c t  of  t h e  e d u c a t i o n a l  system. The major reforms 
inc luded  : 

Reorgan iza t ion  of t h e  M i n i s t r y  of  Educat ion 
Extens ive  t e a c h e r  r e t r a i n i n g  
Curriculum r e v i s i o n  
Development of  new s tudy  m a t e r i a l s  
Modernizat ion o f  t h e  sys tem o f  schoo l  s u p e r v i s i o n  
Development of a  wider  d i v e r s i t y  of  t e c h n i c a l  
t r a i n i n g  programs i n  g r a d e s  10-12 
Extens ive  b u i l d i n g  o f  new schoolrooms 
E l i m i n a t i o n  of t u i t i o n  i n  g r a d e s  7,  8 ,  and 9  ( i n  1971) 
Use of  double  s e s s i o n s  and reduced hours  t o  t e a c h  
more p u p i l s  
A new s t u d e n t  e v a l u a t i o n  system i n c o r p o r a t i n g  changes  
i n  promotion and g rad ing  p o l i c i e s  
I n s t a l l a t i o n  of a  n a t i o n a l  i n s t r u c t i o n a l  t e l e v i s i o n  
system f o r  g r a d e s  7-9. 



Although some o f  t h e s e  changes were enacted immediately,  most 
were begun w i t h  t h e  unders tand ing  t h a t  a d d i t i o n a l  p l a n n i n g ,  
e x p e r i m e n t a t i o n ,  and adjus tment  would be ~ e q u i r r d  and t h a t  
major changes could be in t roduced  on ly  on an inc rementa l  b a s i s .  
However, t h e  f i v e - y e a r  reform t i m e t a b l e  w a s  a s t r i c t  o n e ;  i t  
c o i n c i d e d  w i t h  t h e  s i n g l e  term of P r e s i d r n t  F ide l  Sanchez 
Hernandez and M i n i s t e r  Beneke was anx ious  L O  p r r w n t  t h e  
P r e s i d e n t ' s  mandate from be ing  undermined o r  s t a l l e d  through 
b u r e a u c r a t i c  o p p o s i t i o n  o r  d e l a y s .  

The d e c i s i o n  t o  u s e  t e l e v i s i o n  a s  a  major component of 
E l  S a l v a d o r ' s  Educa t iona l  Reform was n e i t h e r  imposed from t h e  
o u t s i d e  n o r  taken i n  a  p r e c i p i t o u s  f a s h i o n .  A s  f a r  back a s  
1960, t h e  p o s s i b i l i t y  of i n t r o d u c i n g  some form of  e d u c a t i o n a l  
t e l e v i s i o n  was being d i s c u s s e d ,  a l though  t h e r e  was no consensus  
and l i t t l e  knowledge about  how t e l e v i s i o n  might h e l p  a l l e v i a t e  
E l  S a l v a d o r ' s  e d u c a t i o n a l  problems. Above a l l ,  t h e  coun t ry  lacked 
t h e  c a p i t a l  and e x p e r t i s e  necessa ry  t o  i n i t i a t e  any l a r g e  
t e l e v i s i o n  p r o j e c t  . 

The i n i t i a t i v e  t h a t  l e d  e v e n t u a l l y  t o  t h e  e s t a b l i s h m e n t  of 
E l  ~ a l v a d o r ' s  n a t i o n a l  ITV system was taken by Lic .  Beneke i n  
1961. During h i s  ambassadorship t o  Japan ,  Beneke had been 
impressed by t h e  r o l e  t e l e v i s i o n  played i n  t h a t  c o u n t r y ' s  
correspondence high s c h o o l s .  Anxious t o  s t i m u l a t e  t h e  growth 
of  something s i m i l a r  i n  h i s  own c o u n t r y ,  Beneke sought t h e  h e l p  
of  NHK (Nippon Hoso Kyokai, t h e  Japan Broadcas t ing  C o r p o r a t i o n ) .  
NHK agreed  t o  conduct a  f e a s i b i l i t y  s t u d y  i n  E l  Salvador  and 
s e v e r a l  e n g i n e e r s  were d i s p a t c h e d  f o r  t h a t  purpose  i n  1962. The 
r e s u l t s  of t h i s  s t u d y  confirmed what Beneke had s u s p e c t e d ;  
E l  Sa lvador  possessed e x c e l l e n t  t o p o g r a p h i c a l  c o n d i t i o n s  f o r  
t h e  i n s t a l l a t i o n  of  a n a t i o n a l  t e l e v i s i o n  network.  

The i n i t i a t i v e  t aken  by Beneke was suppor ted  by former 
P r e s i d e n t  J u l i o  Ada lber to  R i v e r a ,  who e s t a b l i s h e d  t h e  f i r s t  
E d u c a t i o n a l  T e l e v i s i o n  C o m i s s i o n  i n  t h e  f a l l  of 1963. The 
Commission was supposed t o  e v a l u a t e  a l t e r n a t i v e  u s e s  f o r  
e d u c a t i o n a l  t e l e v i s i o n  w i t h  t h e  g o a l  of  proposing a  n a t i o n a l  
p l a n .  However, t h e  Commission m e t  s p o r a d i c a l l y  and l i t t l e  
p r o g r e s s  was made u n t i l  Beneke r e t u r n e d  from Japan i n  1965. 
Under  ene eke's chairmanship ,  weekly meet ings  were i n s t i t u t e d ,  
and t h e  Commission made a  f r e s h  start toward d e f i n i n g  s p e c i f i c  
p r o p o s a l s  f o r  t h e  use  of  t e l e v i s i o n .  . . .  

By t h e  end o f  1966, t h e  Commission had reached a  consensus  
on a number o f  b a s i c  p o i n t s .  F i r s t ,  acknowledging t h e  f a c t  
t h a t  t h e i r  coun t ry  had n e i t h e r  a r e s e r v o i r  of  t r a i n e d  peop le  
n o r  s u f f i c i e n t  economic r e s o u r c e s  t o  embark upon a  l a r g e  
t e l e v i s i o n  p r o j e c t ,  t h e  C o m i s s i o n  dec ided  t h a t  i t s  i n i t i a l  
e f f o r t s  would have t o  be l i m i t e d  i n  s c a l e ,  b u t  f l e x i b l e  enough 



t o  permit  expansion shou ld  c i r c u m s t a n c e s  pe rmi t .  Second, t h e  
P l a n  Basico ( g r a d e s  7-9) was s e l e c t e d  t o  be t h e  f i r s t  l e v e l  
se rved  by t e l e v i s i o n ,  f o r  i t  was t h e  l a c k  of  o p p o r t u n i t y  and 
low q u a l i t y  of i n s t r u c t i o n  a t  t h i s  l e v e l  t h a t  was b e l i e v e d  t o  
c o n s t i t u t e  t h e  " b o t t l e n e c k "  t o  E l  S a l v a d o r ' s  development.  
I n s t r u c t i o n a l  t e l e v i s i o n ,  t h e  Commission members b e l i e v e d ,  
would compensate f o r  t h e  many u n q u a l i f i e d  secondary schoo l  
t e a c h e r s  who, i n  t u r n ,  cou ld  be t r a i n e d  i n  a  s h o r t  t ime t o  
become e f f e c t i v e  moni to r s  w i t h i n  t e l e v i s i o n  c l a s s e s .  T h i r d ,  
t h e  Commission concluded t h a t  ITV shou ld  be  a d m i n i s t e r e d  by 
an autonomous i n s t i t u t e  d i r e c t l y  under  t h e  P r e s i d e n t  w i t h  
freedom t o  s e t  i t s  own p e r s o n n e l  p o l i c i e s  and t o  import  t h e  
v a s t  a r r a y  o f  t e c h n i c a l  equipment t h a t  would be  r e q u i r e d .  
F i n a l l y ,  t h e  Commission r e s o l v e d  t o  seek  f o r e i g n  f i n a n c i a l  
and t e c h n i c a l  a s s i s t a n c e  s o  t h a t  ITV could  be pu t  on a s  f i r m  
a f o o t i n g  a s  p o s s i b l e  from t h e  o u t s e t  (pp.  8-11). 

With t h e  p reced ing  p r i n c i p l e s  a s  g u i d e l i n e s ,  ITV h a s  developed i n t o  

a  major component of  middle  l e v e l  e d u c a t i o n  i n  E l  Salvador .  I n  what 

f o l l o w s  we r e p o r t  on t h e  c o s t  of  t h e  ITV a s p e c t  of  t h e  reform.  

2 .  SYSTEM COSTS 

T h i s  s u b s e c t i o n  a p p l i e s  t h e  methods o f  C h a p t e r s  I1 and 111 t o  

a n a l y s i s  of  t h e  c o s t  d a t a  t h a t  were g a t h e r e d  by Speag le  (1972) .  F i r s t ,  

a  c o s t  t a b l e a u  i s  p r e s e n t e d ,  t h e n ,  based on t h e  c o s t  t a b l e a u ,  t o t a l  

c o s t  f u n c t i o n s  and average  c o s t  v a l u e s  a r e  developed.  

Tab le  V I I . l  p r e s e n t s  t h e  b a s i c  c o s t  t a b l e a u .  The t a b l e  p r e s e n t s  

c o s t s  i n  v a r i o u s  s u b c a t e g o r i e s  of p r o d u c t i o n ,  t r a n s m i s s i o n ,  and 

r e c e p t i o n  on a  y e a r  by y e a r  b a s i s .  The f i g u r e s  f o r  1966 t o  1973 a r e  

based p r i m a r i l y  on S p e a g l e ' s  comprehensive a n a l y s i s  and t h e  f i g u r e s  

from 1974 on a r e  p r o j e c t i o n s  based on t h e  p lanned growth r a t e  o f  

e n r o l l m e n t .  A l l  c o s t s  i n  t h e  t a b l e  a r e  i n f l a t i o n  c o r r e c t e d  and a r e  

e x p r e s s e d  i n  1972 U . S .  d o l l a r s .  

l ~ n r  an up- to -da te  d i s c u s s i o n  o f  ITV and t h e  e d u c a t i o n a l  reform 
s e e  Mayo, Hornik,  and McAnany (1976) ;  t h e i r  book a l s o  d e s c r i b e s  r e s u l t s  
o f  t h e  e x t e n s i v e  pedagog ica l  e v a l u a t i o n  t o  which t h e  I T V  sys tem h a s  
been s u b j e c t e d .  S t u d e n t s  i n  t h e  reform d i d  a s  w e l l  o r  b e t t e r  i n  most 
s u b j e c t s  than  d i d  nonreform s t u d e n t s ;  t h i s  i s  p robab ly  a t  l e a s t  i n  
p a r t  due t o  t h e  ITV component o f  t h e  reform. 
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TABLE V I  I. 1 (cont inued)  

a  
Cost d a t a  a r e  based mainly on Speagle  (1972) f o r  1966 t o  1973. 

Produc t ion  f a c i l i t y .  Ninety pe r  c en t  of t h e  c o s t s  of t h e  San ta  Tec la  
f a c i l i t y  were a l l o c a t e d  t o  p roduc t ion  and 10% t o  t r an smi s s ion ,  
wi th  t h e  l i f e  of  t h e  a i r  cond i t i on ing  assumed t o  be 10 y e a r s  and 
t h e  f a c i l i t y  l i f e  t o  be 25 yea r s .  

P roduc t ion  equipment. Th is  assumes a  10-year l i f e ,  w i th  t h e  c o s t  of 
t h e  Santa  Tec l a  equipment a l l o c a t e d  60% t o  p roduc t ion  and 40% t o  
t ransmiss ion .  

Produc t ion  o p e r a t i o n s  and start  u ~ .  These a r e  t h e  same as Speag le ' s  u n t i l  
1974 when s t a r t  up c o s t s  a r e  assumed t o  dec r ea se  over  two y e a r s  t o  
a $50,000 l e v e l .  A f t e r  1975 they remain at  t h i s  l e v e l  and a r e  
inc luded  i n  t he  c o s t  of  o p e r a t i o n s  which a r e  based on Speag l e ' s  
p r o j e c t i o n .  

Videotape.  I t  i s  n o t  c l e a r  whether t h e s e  c o s t s  a r e  inc luded  i n  Tab le  2 . 1  
of Speagle.  They a r e  added h e r e ,  purchased a s  needed,  under t h e  
assumption of a  5-year t ape  l i f e ,  300 hours  of  p r o g r a m i n g  a  y e a r ,  
and a  c o s t  of an hour l eng th  v ideo t ape  of $170. 

Transmiss ion f a c i l i t y .  Th is  i s  exp la ined  under p roduc t ion  f a c i l i t y .  

Transmiss ion equipment. Th is  i s  exp la ined  under p roduc t ion  equipment. 

Transmiss ion ope ra t i ons .  Th is  r e p r e s e n t s  t h e  r e n t a l  charge through 1971 
f o r  t h e  use  of commercial b roadcas t  t ime. Beginning i n  1972 opera-  
t i o n s  a r e  es t imated  t o  c o s t  25% of t h e  1971 r e n t a l  charge.  

Classroom remodeling. Th i s  i s  t h e  same a s  i n  Speag le ,  w i th  an assumed 
25-year l i f e t i m e .  

Reception equipment. Beginning i n  1973 t h i s  i s  based on t h e  number of 
s t u d e n t s  added t o  t h e  system, an average c l a s s  s i z e  of 45,  and a  
c o s t  pe r  r e c e i v e r  of $200. 

Foreign a i d  and deb t  repayment. Through 1973 t h i s  r e p r e s e n t s  t h e  a c t u a l  
s i z e  of f o r e i g n  g r a n t s  and l oans .  The l oan  p o r t i o n  of t h i s  a i d  i s  
pa id  o f f  w i th  a  10-year g r ace  pe r i od  du r ing  which i n t e r e s t  a ccmu-  
l a t e s  a t  2% and a  30-year repayment per iod  dur ing  which i n t e r e s t  
accumulates  a t  2.5%. With our  assumption of a  4% annua l  r a t e  of 
i n f l a t i o n  t h e s e  e f f e c t i v e  i n t e r e s t  r a t e s  become -2% and -1.5% 
r e s p e c t i v e l y .  I f  t h e r e  were no i n f l a t i o n  p r e s e n t ,  va lue  o f  t he  
repayment amount would be a lmost  t h r e e  t imes a s  l a r g e .  The repayment 
i s  scheduled a s  i f  t h e  40-year pe r i od  f o r  t h e  t o t a l  loan  began i n  
19 70. 

See nex t  page f o r  remaining foo tno t e s .  



TABLE VII. 1 (con t inued)  

Number of s t u d e n t s .  T h i s  i s  assumed t o  grow r a p i d l y  from 1972 t o  1976 --- 
(abou t  20% p e r  y e a r )  a f t e r  which a  3% growth r a t e  i s  accounted 
f o r  mainly  by p b p u l a t i o n  growth. 

- 

The c o s t  d a t a  do n o t  i n c l u d e  t e a c h e r  t r a i n i n g  ( n o t  c o n s i d e r e d  by Speag le  
a s  p a r t  of  ITV c o s t s ) ,  t h e  d i s t r i b u t i o n  and p r i n t i n g  of  t e a c h e r ' s  g u i d e s  
and s t u d e n t  workbooks, n o r  maintenance and power c o s t s  f o r  r e c e p t i o n  
equipment.. Speag le  s a y s  t h e  l a t t e r  i s  ex t remely  s m a l l .  



Year h v  year  f i g u r e s  f o r  t o t a l  ( a l l  i nc lu s ive  c o s t )  a r e  presented 

belcw the  c o s t s  by category;  underneath t h e  row g iv ing  t o t a l  cos t  is 

t h e  rok showing fo re ign  a i d  and debt  repayment. The numbers i n  

paren t5eses  i n  t h i s  row show t h e  t o t a l  amount of  g r an t  o r  l oan  money 

received t h a t  yea r  f o r  t h e  ITV system; t he  number i n  paren theses  i s  

then s u b t r a c t e d  from the  a l l  i n c l u s i v e  c o s t  t o  g ive  t he  c o s t  t o  t he  

government f o r  t h e  given year.  Beginning i n  1980, t h e  numbers i n  t h i s  

row r ep re sen t  loan repayment; c o s t s  t o  t he  Salvadoran government a r e  

computed by adding t h e  loan repayment t o  t he  t o t a l  incur red  expendi tures .  

The 1-alues f o r  loan repayment were computed using t h e  methods descr ibed  

i n  t h e  preceding subsec t ion .  

The f i n a l  row of Table VII .1  shows p a s t  and p ro j ec t ed  f u t u r e  s tuden t  

usage of t h e  system. Usage i n c r e a s e s  r a p i d l y  u n t i l  1976 when most of  

t h e  r z l evan t  age popula t ion  i s  assumed t o  be covered; t h e r e a f t e r ,  

usage i n c r e a s e s  at  the  school  age populat ion growth r a t e  of approxi- 

mately 3% per  year .  
2  

The foo tnote  t o  Table  V I I . l  p rov ides  somewhat more information on 

the  saurce  of t h e  f i g u r e s  i n  t h e  va r ious  c a t e g o r i e s .  Readers i n t e r e s t e d  

i n  a  d e t a i l e d  d i s cus s ion  of t he  va r ious  c o s t  components should consu l t  

t he  comprehensive t reatment  by Speagle (1972). This  chap te r  w i l l  

providc no f u r t h e r  d i s cus s ion  of  t h e s e  component c o s t  e s t i m a t e s  except 

t o  expand b r i e f l y  on t h e  c o s t  of program product ion.  

Program product ion c o s t s  a r e  high and account f o r  a  s u b s t a n t i a l  

f r a c t i o n  of fo re ign  exchange c o s t s .  It is f o r  t h i s  reason 

important t o  examine these  c o s t s  i n  some d e t a i l  and Speagle (1972, 

pp. 72-78) provides  a  breakdown of t h e  ope ra t i ng  c o s t s  of program 

product ion.  However, a  very s u b s t a n t i a l  p ropor t i on  of program product ion 

c o s t s  a r e  c a p i t a l  c o s t s  and i t  is impor tan t ,  p a r t i c u l a r l y  f o r  p lanners  

from o t a e r  coun t r i e s ,  t o  o b t a i n  an estimate of t o t a l  product ion c o s t s ,  

'&cent planning e s t i m a t e s  i n d i c a t e  t h a t  t h e  enrol lment  estimates 
i n  t h i s  t a b l e  f o r  t h e  l a t e  1970's may be 1m t o  15% t o o  low. 



not  j u s t  t h e  o p e r a t i n g  c o s t s  of  program p r o d u c t i o n .  Table  VI I .2 ,  

u s i n g  c o s t  d a t a  from Tab le  V I I . l ,  p r e s e n t s  t h e  component and t o t a l  

c o s t s  of program p r o d u c t i o n ,  i n c l u d i n g  a n n u a l i z e d  c a p i t a l  e x p e n d i t u r e s  

a t  a  7.5% d i s c o u n t  r a t e ;  t h e  t o t a l  of  $979,000 p e r  y e a r  is  almost  

twice  t h e  r e c u r r e n t  c o s t  of  $540,000 p e r  y e a r .  A t  t h e  e s t i m a t e d  

product ior i  r a t e  of  1 ,000  20-minute programs p e r  y e a r ,  t h e  c o s t  p e r  

hour  of  program p r o d u c t i o n  comes t o  about  $2,940.  

The T o t a l  Cost Funct ion f o r  ITV 

Using t h e  d a t a  from Tab le  V I I . l ,  i t  is  p o s s i b l e  t o  o b t a i n  a  c o s t  

f u n c t i o n  t o r  ITV i n  E l  Sa lvador .  I n  t h i s  c h a p t e r  t h e  program p r o d u c t i o n  

and t r a n s n i s s i o n  c o s t s  a r e  cons ide red  f i x e d ;  r e c e p t i o n  c o s t s  a r e  v a r i a b l e  

w i t h  t h e  number of s t u d e n t s .  The c o s t  f u n c t i o n  we u s e  i s ,  t h e n ,  

TC(N) = F + VN N . S t a r t  up c o s t s  were t r e a t e d  a s  an  i n i t i a l  c a p i t a l  

inves tment  i n  t h e  sys tem;  t h e y  were a n n u a l i z e d  o v e r  t h e  assumed 25-year 

l i f e t i m e  of t h e  sys tem and i n c l u d e d  i n  F  . The 1972 s t u d e n t  en ro l lment  

e s t i m a t e  o f  48,000 was used a long  w i t h  t h e  assumpt ion of  an  a v e r a g e  

of 170  h o l ~ r s  o f  program p r e s e n t a t i o n  p e r  g rade  p e r  y e a r .  The enro l lment  

f i g u r e s  a l l o w  c a l c u l a t i o n  o f  AC and A C / V ~  ; t h e  program p r e s e n t a t i o n  

assurnpt i o n  a l l o w s  computat ion of c o s t s  p e r  s t u d e n t  hour of  viewing.  The 

t o t a l  c o s t  e q u a t i o n  (expressed  i n  1972 U.S. d o l l a r s )  f o r  t h e  sys tem i s  

a s  f o l l o w s ,  assuming a  d i s c o u n t  r a t e  of 7 .5%.  
3 

Cost P e r  
T ~ t a l  Cost  Equat ion - AC AC / VN Student  Hour 

With t w i c e  a s  many s t u d e n t s  u s i n g  t h e  sys tem (N = 9 6 , 0 0 0 ) ,  a v e r a g e  c o s t s  

f a l l  t o  $12.73 and p e r  s t u d e n t  hour  c o s t s  f a l l  t o  $.075.  T h i s  s u b s t a n t i a l  - 

r e d u c t i o n  is  p o s s i b l e  because  of  t h e  i n i t i a l l y  h igh  v a l u e  of  AC/VN . 

'.Jam< son tmd Klees  (1975) examined t h e  s e n s i t i v i t y  o f  t h e  c o s t  
e s t i m a t e s  t o  +he v a l u e  chosen f o r  t h e  s o c i a l  d i s c o u n t  r a t e ;  i n c r e a s i n g  
i t  from 7.5% t o  15% i n c r e a s e s  AC by abou t  20%. T h i s  is  a s u b s t a n t i a l  
amount, due t o  t h e  h i g h l y  c a p i t a l  i n t e n s i v e  n a t u r e  of  t h e  p r o j e c t .  



TABLE VII.2 

COSTS OF PROGRAM PRODUCTION' 

Cost Category Amortization Period Cost Annualized c o s t C  

F a c i l i t y  (bui ld ing)  25 yea r s  342 31 

F a c i l i t )  ( a i r  condi t ioning)  1 0  years  7 2 10  

Equipmeri t 10 yea r s  1326 193 

S t a r t  up 25 yea r s  1860 16 7 

Video t a r e  5 yea r s  153 38 

Operat iorls ( r ecu r ren t )  

TOTAL 

a 
These c o s t s  a r e  expressed i n  thousands of 1972 d o l l a r s .  

b ~ h e  amor t iza t ion  period is  the  number of years  the  cos t  i tem i s  
assumed t o  l a s t ;  s t a r t  up c o s t s  a r e  amortized over  an assumed 25 year  
l i f e  for  t he  p r o j e c t .  

C The annda l i za t ion  was done with a  s o c i a l  discount  of r a t e  of 
7.5% per  amurn. 



The above t o t a l  c o s t  e q u a t i o n  i s  f o r  a l l  i n c l u s i v e  c o s t s .  I t  is  

a l s o  of v a l u e  t o  compute a  c o s t  e q u a t i o n  t h a t  i n c l u d e s  o n l y  c o s t s  t o  

t h e  Salv.lduran guven~rnent . 4  T o  do t h i s  one must reduce t h c  f i x e d  c o s t  

components of  t h e  above e q u a t i o n  by an a n n u a l i z e d  e q u i v a l e n t  of t h e  

g r a n t s  an2 loans .  To f i n d  t h i s  e q u i v a l e n t ,  t h e  p r e s e n t  v a l u e  of  t h e  

30-year l o a n  repayment s e r i e s  was c a l c u l a t e d ,  and t h i s  was s u b t r a c t e d  

from t h e  t o t a l  amount of  t h e  f o r e i g n  g r a n t s  and l o a n s  ( t h e  t o t a l  

amount was assumed t o  o c c u r  i n  t h e  y e a r  1970) .  The r e s u l t i n g  f i g u r e  

was a n n u a l i z e d  o v e r  t h e  25-year assumed l i f e t i m e  of  t h e  p r o j e c t  and 

s u b t r a c t e d  from t h e  f i x e d  c o s t s .  The Government o f  E l  Sa lvador  c o s t  

e q u a t i o n  i s  as f o l l o w s :  

41n o r d e r  t o  a d j u s t  a l l - i n c l u s i v e  c o s t s  f o r  g r a n t s  one s imply 
s u b t r a c t s  t h e  amount of  t h e  g r a n t  i n  t h e  g iven y e a r  from t h e  a l l -  
i n c l u s i v e  c o s t s  of t h a t  yea r .  Loans a r e  somewhat more compl icated 
because  t h e y  must a t  some p o i n t  b e  p a i d  back.  The l o a n s  n e g o t i a t e d  
by E l  Sa lvador  have a  10-year g r a c e  p e r i o d  b e f o r e  repayment b e g i n s .  
Thus,  i n  z a r l y  y e a r s  of t h e  p r o j e c t  t h e  l o a n s  i n  a  g iven  y e a r  
a r e ,  l i k e  t h e  g r a n t s ,  s imply s u b t r a c t e d  from t h e  a l l  i n c l u s i v e  
c o s t s .  I n  la ter  y e a r s  t h e  repayments must be  added t o  t h e  a l l  i n c l u s i v e  
c o s t s  i n  o r d e r  t o  o b t a i n  c o s t s  t o  t h e  government. 

Computing t h e  amount t o  be r e p a i d  i n  each o f  t h e  l a t e r  y e a r s  is 
compl ica ted  by l a c k  o f  knowledge of  t h e  i n f l a t i o n  r a t e  of t h e  d o l l a r .  
The l o a n s  a r e  n e g o t i a t e d  i n  f i x e d  d o l l a r  terms so  t h e  h i g h e r  t h e  r a t e  
the  d o l l a r  i n f l a t i o n  t h e  lower  t h e  r e a l  v a l u e  of  t h e  l o a n  repayments ,  
t h a t  is,  t h e  lower  t h e  v a l u e  expressed  i n  f i x e d  d o l l a r s  (1972 d o l l a r s  
a r e  used a s  t h e  base  i n  t h i s  r e p o r t ) .  The s i t u a t i o n  is e x a c t l y  ana logous  
t o  t h a t  of  a homeowner w i t h  a mortgage;  i n  t imes  of h igh  i n f l a t i o n  he 
g a i n s  beczuse  t h e  v a l u e  o f  h i s  d e b t  is f i x e d  i n  d o l l a r  terms.  I n f l a t i o n  
rates f o r  t h e  d o l l a r  a r e  u n p r e d i c t a b l e  even ,  i t  now a p p e a r s ,  s e v e r a l  
months, much l e s s  10  y e a r s  i n  advance.  For  t h i s  r e a s o n ,  t h e  v a l u e  used 
i n  t h i s  chap;er,  4 % ,  shou ld  b e  regarded  a s  o n l y  a  c o n s e r v a t i v e  -- 

e s t i m a t e .  Given t h e  v a l u e  of  t h e  l o a n s ,  t h e  i n t e r e s t  r a t e s  they  b e a r ,  
t h e i r  repayment s c h e d u l e s ,  and t h e  r a t e  of  i n f l a t i o n  f o r  t h e  d o l l a r ,  
one can u s e  s t a n d a r d  a c c o u n t i n g  fo rmulas  t o  de te rmine  t h e  annua l  repayment - 
i n  t e rms  of 1972 d o l l a r s .  These repayments beg in  i n  1980 and a s  of t h a t  
y e a r  c o s t s  t o  t h e  Salvadoran government must be  de te rmined  by add ing  
t h e  l o a n  repayments t o  t h e  a l l  i n c l u s i v e  c o s t s .  . - 



Government of E l  Salvador Cost Per  
Cost Equation - AC AC /V, S tudent  Hour 

It should be observed t h a t  t h e  n e t  g ran t  and loan con t r ibu t ion  t o  

t h e  ITV system i s  s u b s t a n t i a l .  A t  t h e  7.5% s o c i a l  r a t e  of d i s coun t ,  

f o r e ign  c o n t r i b u t i o n s  cover about 27% of t he  sys tem's  cos t .  This  27% 

i s  t a s e d  on 48,000 s t u d e n t s  per  year  using the  system; a s  t h e  e n t i r e  

c o s t  of 2xpanding the  system is  borne by E l  Salvador ,  t h e  percentage 

of f o r e i g n  c o n t r i b u t i o n  w i l l  d e c l i n e  a s  usage i nc reases .  Because of 

the  high va lue  of AC/VN though, t h e  d e c l i n e  is only  t o  a  l i t t l e  over  

25%  hen the  s tuden t  usage reaches t he  104,000 p ro j ec t ed  f o r  1976. 5  

The c o s t  equa t ions  of t h e  preceding paragraphs provide a  reasonably 

c l e a r  p i c t u r e  of system c o s t s  a s  a  func t ion  of N , the  number of s t uden t s  

per  year  using the  system. I n  o rde r  t o  a s s e s s  a c c u r a t e l y  t h e  a c t u a l  

average c o s t s  i ncu r r ed ,  account must be taken of t he  t i m e  s t r u c t u r e  

of s t uden t  usage,  and t h i s  i s  d o n e - i n  t he  computations of va lues  f o r  

ACij t h a t  follow. 

Averaze Costs 

The da t a  i n  Table V I I . l  s u f f i c e  t o  c a l c u l a t e  va lues  of AC f o r  
i.l 

E l  Salvadcr  f o r  t h e  years  1966 t o  198.8. L e t t i n g  1966 equal  year  1 

(and t h e r e f o r e  1973 equa l s  year 8 ) ,  one can use t h e  methods of Chapter 

I1 t o  compute a l l  p o s s i b l e  va lues  of AC both f o r  a l l  i n c l u s i v e  
i j 

c o s t s  and f o r  c o s t s  t o  t he  government. These computations depend, 

of course,  on t h e  accuracy of t he  enrol lment  p r o j e c t i o n s  i n  t he  l a s t  

row of Table V I I . l  and d e v i a t i o n s  form those  p r o j e c t i o n s  would induce 

corresponding dev ia t i ons  i n  average c o s t s .  

5 ~ n  comparing t h e  average c o s t s  i n  t o t a l  wi th  those t o  t h e  
Salvadoran government, it i s  an i n t e r e s t i n g  f a c t  t h a t  t h e  l a t t e r  i s  
t o t a l l y  i n s e n s i t i v e  t o  t he  s o c i a l  diecount  r a t e .  This  r e s u l t s  from 
a  c o i n c i d e n t a l  balancing of two f a c t o r s :  on t he  one hand inc reas ing  
t h e  s o c i a l  d i scount  r a t e  i n c r e a s e s  c a p i t a l  c o s t s ,  bu t  on t h e  o t h e r  hand 
i t  i n c r e a s e s  t h e  va lue  of fo re ign  loans .  



Figure  V i I . l  d i s p l a y s  v a l u e s  of  g r a p h i c a l l y .  One can s e e  from 
d 

t h a t  graph t h a t  i f  t h e  s o c i a l  d i s c o u n t  r a t e  i s  7 . 5 X ,  t h e  average  c o s t s  
- 

through y e a r  12 of  t h e  p r o j e c t  ( t h a t  i s ,  through 1977) w i l l  have been 

about  $24 p e r  s t u d e n t  p e r  y e a r .  What t h i s  means is  t h a t  t o t a l  expendi-  

t u r e s  up t o  1977 d i v i d e d  by t o t a l  s t u d e n t  usage up t o  1977 (each 

p r o p e r l y  d i s c o u n t e d )  w i l l  e q u a l  $24. I f  one e x t e n d s  t h e  t ime h o r i z o n  

t o  23 y e a r s  (1988) t h e  r e s u l t  comes t o  about $17. The bump in  t h e  

curve  t h a t  o c c u r s  n e a r  y e a r  15  (1983) r e s u l t s  from t h e  need t o  r e p l a c e  

p r o d u c t i o n  and t r a n s m i s s i o n  equipment a t  t h a t  t ime.  

F i g ~ ~ r e  VI I .2  d i s p l a y s  t h e  same in fo rmat ion  a s  F igure  V I I . l  excep t  

t h a t  c o s t s  aye viewed from 1973 r a t h e r  than from t h e  beginning of  t h e  

p r o j e c t .  Not ice  t h a t  t h e  s c a l e  on F i g u r e  V11.2 d i f f e r s  from t h e  one on 

F igure  V I 1 . l  and t h a t  v a l u e s  of AC f o r  j l e s s  than  8  a r e  undef ined 
8 j  

( i n d i c a t e 2  by t h e  f l a t  p a r t  of  t h e  c u r v e ) .  From t h e  t ime p e r s p e c t i v e  

of  1973,  ave rage  c o s t s  th rough  y e a r  12 (1977) a r e ,  of c o u r s e ,  much l e s s  

than t h e  $24 of  A C l V l 2  ; t h e  v a l u e  o f  A C s V l 2  i s  about  $8.50 f o r  a  

7.5% d i s c o u n t  r a t e .  T h i s  $8.50 i s  t h e  t o t a l  p r o j e c t e d  e x p e n d i t u r e  

between 1973 and 1977 d i v i d e d  by t h e  p r o j e c t e d  number o f  y e a r s  of  

s t u d e n t  u s e  between now and 1977,  each p r o p e r l y  d i s c o u n t e d .  The small  

bump a t  y e a r  15  on F igure  V I I . l  is  much magnif ied  i n  F igure  V I I . 7 ;  t h i s  

is  both  because  t h e  f i x e d  replacement  c o s t s  a r e  a  l a r g e r  f r a c t i o n  of  

average c o s t s  viewed from 1973 and because  they a r e  l e s s  d i s c o u n t e d  s i n c e  

they  a r e  by 1973 much n e a r e r  i n  t h e  f u t u r e .  

Tab le  VI I .3  p r e s e n t s  e x a c t  computat ions  of  AC based on a  7.5% 
i j 

d i s c o u n t  r a t e  and t h e  f i g u r e s  i n  Tab le  V I I . l  f o r  t o t a l  c o s t .  The t o p  

row of  T a t l e  VI I .3  cor responds  t o  t h e  graph i n  F i g u r e  V I I . l  and i t s  

f i f t h  row corr2sponds  t o  t h e  graph i n  F igure  VI I .2 .  Table  VII .4  p r e s e n t s  

t h e  same computat ions  f o r  c o s t s  t o  t h e  Salvadoran goverenment i n s t e a d  

of  a l l  i n c l u s i v e  c o s t s ;  excep t  i n  t h e  lower  r i g h t  hand c o r n e r ,  c o s t s  

i n  Tab le  V'I.4 a r e  lower  than  cor respond ing  c o s t s  i n  T a b l e  VII .3 .  The 

a p p r o p r i a t e  c o s t  t o  use  depends on o n e ' s  v a n t a g e  p o i n t .  A t  t h e  t ime of  

E l  S a l v a d o r ' s  i n i t i a l  d e c i s i o n ,  t h e  long-run average  c o s t  t o  t h e  

government AC1,25 i n  Tab le  VII .4  was t h e  most u s e f u l  number f o r  

61966 cor responds  t o  y e a r  1 and 1988 c o r r e s p o n d s  t o  y e a r  23. 



FIGURE V I I . 1  

AC FOR THE TOTAL COST OF INSTRUCTIONAL T E L E V I S I O N  
1J 

I N  T H I R D  CYCLE 



FIGURE V I I . 2  

AC FOR THE TOTAL COST OF INSTRUCTIONAL TELEVISION 
83 

I N  THIRD CYCLE 



TABLE VII .  3 

AVERAGE TOTAL COSTS FROM YEAR i TO YEAR j FOR THIRD CYCLE SCHOOLS 

I n t e r e s t  R a t e  = 7.5% 

TO YEAR ;t 

FROM YEAR i 

1966 

1969 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1980 

1984 

1988 



TABLE V I I  .4 

AVERAGE GOVERNMENT COSTS FROM YEAR i TO YEAR j FOR THIRD CYCLE SCHOOLS 

Interest R a t e  = 7.5% 

FROM YEAR i 

1966 

1969 

19 71 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

19 80 

1984 

1988 



1'1 S i l v , ~ d t ) r  t o  c o n s i d e r ;  by 1973, f o r  long- t.c.r-111 0 1  ;wni I I K .  1111. v.1 l r ~ t . ~  0 1  

AC8,%5 
a r c  pcrliaps most u e e f u l .  On thth ( > l  11vr I I . ~ I ~ C I ,  t t ~ r  I > I  t s : ; t > ~ ~ t  s l l t j l - t  

term expansion o r  c o n t r a c t i o n  d e c i s i o n s ,  t h e  marginal  c o s t s  a r e  t h e  

a p p r o p r i a t e  ones  t o  use .  I f  E l  Sa lvador  had no t  had g r a n t  and l o a n  

o p p o : t u n i t i e s ,  t h e  a l l  i n c l u s i v e  c o s t s  of  Table  VI I .3  would be  more 

a p p r o p r i a t e .  

I n  terms of  what o t h e r s  can l e a r n  from E l  S a l v a d o r ' s  e x p e r i e n c e ,  

t h e  most u s e f u l  number is perhaps  t h e  long  term average  c o s t  viewed 

from when E l  Sa lvador  connnenced e x p e n d i t u r e .  A t  t h e  7.5% d i s c o u n t  r a t e ,  

t h i s  number, AC1, 24 i s  s e e n  from Table  VI I .3  t o  b e  $14.97, s a y ,  $15.00. 

I f  t h e  s t u d e n t s  view an average  o f  170 h o u r s  of ITV p e r  y e a r ,  t h e  c o s t  p e r  

s t u d e n t  hour  i s  $0.09. It should be  kep t  i n  mind t h a t  t h e s e  c o s t s  assume 

t h a t  t h e  sys tem c o n t i n u e s  through 1988 and ,  more i m p o r t a n t l y ,  t h a t  t h e  

r a p i d  expansion of e n r o l l m e n t s  p r o j e c t e d  i n  Tab le  V I I . l  i s  i n  f a c t  a t t a i n e d .  

The c o s t  o f  ITV is n e c e s s a r i l y  a n  add-on t o  whatever  e l s e  may be 

p rov ided  t h e  s t u d e n t s .  The i n t r o d u c t i o n  of ITV may, however, f a c i l i t a t e  

r e d u c t i o n  of o t h e r  c o s t s  and t h e  n e x t  s u b s e c t i o n  c o n s i d e r s  v e r v  b r i e f l y  

t h e  f a c t o r s  t h a t  may a l l o w  o f f s e t t i n g  of  ITV c o s t s .  

3. FACTORS OFFSETTING THE COST OF ITV 

This  s u b s e c t i o n  p r e s e n t s  a v a r y  b r i e f  a n a l y s i s  of  how ITV c o s t s  have 

i n  p a r t  been o f f s e t  by r e d u c t i o n  of o t h e r  i n p u t  f a c t o r s  t o  t h e  s c h o o l i n g  

p r o c e s s .  The p r i n c i p a l  c o s t  of c o n v e n t i o n a l  i n s t r u c t i o n  i s ,  o f  c o u r s e ,  

t e a c h e r s '  t ime and t h e  o f f s e t t i n g  f a c t o r  t o  be cons idered  h e r e  is  

r e d u c t i o n  i n  t e a c h e r  t ime p e r  s t u d e n t .  The amount of  t e a c h e r  t ime 

expended per  s t u d e n t  depends on c l a s s  s i z e ,  C , and t h e  r e l a t i v e  

l e n g t h  of  t h e  s t u d e n t  and t e a c h e r  schoo l  weeks. I f  hs i s  t h e  number 

of hours  i n  s c h o o l  pe r  week of a  f u l l - t i m e  s t u d e n t  and 
h t  

i s  t h e  

number of  hours  pe r  week o f  a f u l l t i m e  t e a c h e r ,  t h e  s t u d e n t  t o  t e a c h e r  

r a t i o ,  S  , can  be d e f i n e d  t o  e q u a l  (htlhs)C . Thus,  i f  t e a c h e r s  t e a c h  

7~ more d e t a i l e d  a n a l y s i s  of  E l  Sa lvador  ITV c o s t s ,  i n c l u d i n g  
d i s c u s s i o n  of  expanding t h e  sys tem t o  t h e  f i r s t  through s i x t h  g r a d e s ,  
may be found i n  Jamison and Klees (1975). 
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two f u l l  s h i f t s  ( h t / h s  = 2 )  , and t h e  average c l a s s  s iz t .  i s  4 0 ,  tlir 

s t u d e n t  tc  t e a c h e r  r a t i o  w i l l  e q u a l  80. ITV c o s t s  c a n  be o f f s e t  by 

i n c r e a s i n g  t h a t  r a t i o  through i n c r e a s e s  i n  C o r  h  o r  through 
t 

d e c r e a s e s  i n  h  . I f  t h e  mechanism i s  through i n c r e a s e s  i n  t e a c h e r  
s 

hours ,  t e a c h e r  s a l a r y  i n c r e a s e s  must be less than p r o p o r t i o n a l  t o  

t h o s e  hour  i n c r e a s e s .  

I n  E l  Sa lvador  t h e  i n t r o d u c t i o n  o f  ITV has  tended t o  reduce c o s t s  

by i n c r e a s i n g  bo th  t e a c h e r  hours  and c l a s s  s i z e ;  c o u n t e r b a l a n c i n g  t h e s e  

c o s t  r e d u c t i o n s  a r e ,  o f  c o u r s e ,  t h e  c o s t s  of p rov id ing  t h e  ITV. T h i s  

s u b s e c t i o n  p r o v i d e s  approximate  e s t i m a t e s  of t h e  i n s t r u c t i o n a l  e x p e n d i t u r e s  8 

p e r  s t u d e n t  as we assume i t  would have been i f  I T V  were n o t  i n t r o d u c e d ,  

E(no ITV) , and as i t  was a f t e r  t h e  i n t r o d u c t i o n  o f  ITV, E(1TV) . These 

e s t i m a t e s  a r e  t a s e d  on o c c a s i o n a l l y  shaky o r  i n c o n s i s t e n t  d a t a  b u t  a r e  

p robab ly  Eccura te  t o  w i t h i n  1 5  p e r c e n t .  

A f t e r  t h e  Reform i n s t i t u t e d  changes i n  t h e  schoo l  week, s t u d e n t s  

a t t e n d e d  25 hours  o f  c l a s s e s  p e r  week. A f u l l  load  f o r  t e a c h e r s  who 

were n o t  ahsigned t o  double  s e s s i o n s  was a l s o  25 hours  (hs = ht = 25) . 
P r i o r  t o  tile g r e a t  expansion i n  t h e  numbers o f  s t u d e n t s  a t t e n d i n g  Thi rd  

Cycle,  which began i n  1971, average c l a s s  s i z e  was no more than 35. I f  

we u s e  t h a t  a s  an e s t i m a t e  f o r  c l a s s  s i z e ,  and 25 hours  a s  e s t i m a t e s  

of both  s t u d e n t  week and t e a c h e r  week, t h e  s t u d e n t - t e a c h e r  r a t i o  was 

35 : l .  A t  ,,I s a l a r y  of $1800 p e r  y e a r g  f o r  a  25-hour work week, which was 

t h e  1972 c o s t ,  t h e  i n s t r u c t i o n a l  e x p e n d i t u r e  p e r  s t u d e n t  was $52 p e r  

y e a r .  I f  t h e  Reform had been mounted wi thou t  I T V  and t r a d i t i o n a l  c l a s s  

s i z e  had been main ta ined ,  t h a t  would have been t h e  c o s t  p e r  s t u d e n t .  

However, I T V  was i n t r o d u c e d ,  and accompanying i t  were two o t h e r  

changes a f f e c t i n g  c o s t  p e r  s t u d e n t .  Average c lassroom s i z e  was i n c r e a s e d ,  

a s  s m a l l e r  T h i r d  Cycle s c h o o l s  were c l o s e d  and more s t u d e n t s  m a t r i c u l a t e d  

a t  t h e  s c h o o l s  remaining open. A t  t h e  same t ime,  t e a c h e r  l o a d  was 

 his r e p o r t  u s e s  t h e  term ' i n s t r u c t i o n a l  e x p e n d i t u r e s '  t o  deno te  
t h e  c o s t s  of t h e  t e a c h e r  and t e l e v i s i o n .  I t  t h u s  e x c l u d e s  c o s t s  f o r  
schoo l  a d m i ~ i s t r a t i o n ,  c lassroom s p a c e ,  and s t u d e n t  s u p p l i e s ,  which a r e  
assumed t o  f,e t h e  same w i t h  o r  w i t h o u t  ITV. 

g ~ ~ ~ ~ ~ ~ ,  "Plan Quinquenal de  Ramo Educat ion 1973-1977. " June ,  1972. 



i n c r ea sed  from 25 t o  35 hours (an i n c r e a s e  of 40%) whi le  t e a c h e r  s a l a r i e s  

were only i nc r ea sed  by 20 pe r cen t  t o  $2,165. lo While one cannot say 

d e f i n i t i v e l y  t h a t  such changes would no t  have occur red  u n l e s s  ITV had 

been i n t roduced ,  t h a t  may be a  reasonable  assumption.  C e r t a i n l y  t h e  

Min i s t r y  p l anne r s  be l i eved  t h a t  one of t h e  advantages  of  ex tend ing  ITV 

t o  p*:imary s choo l s  would be " t o  h e l p  t h e  t e a c h e r  who s e e s  h imse l f  a s  

overburdened by h i s  work day w i t h  double  s e s s i o n s .  r t l l  

Given t h e  longer  work week, t h e  t e a c h e r  c o s t  p e r  s t u d e n t  equa l s  t h e  

t e ache r  wage d iv ided  by t h e  s t uden t  t o  t e a c h e r  r a t i o ;  t h a t  i s ,  it e q u a l s  

$2,155/S ; s i n c e  S  = (h / h  )C = (35/25)C , t h e  t e ache r  c o s t  pe r  s t uden t  
t s  

equa l s  $1546/C , where C is  t h e  c l a s s  s i z e  a f t e r  t h e  i n t r o d u c t i o n  of  

ITV. In a d d i t i o n  t o  t e a c h e r  c o s t s ,  one must cons ide r  t e l e v i s i o n  c o s t s  

pe r  ~ t u d e n t  t o  t h e  government; t h e  equa t i on  g iv ing  c o s t s  t o  t h e  government 

summt.rized t h e s e  expendi tu res .  The annua l ized  ITV c o s t s  per  s t uden t  a r e  

seen  from t h a t  equa t ion  t o  equa l  $799,000 + $l.lON, where N is t h e  

number of s t u d e n t s  us ing  t h e  ITV system. The sum of t h i s  p l u s  t e ache r  

c o s t s  g ive  t h e  p e r  s t uden t  c o s t s  w i th  ITV, E(1TV): 

I t  is  no t  y e t  c l e a r  what t he  average c l a s s  s i z e  w i l l  become a f t e r  

E l  ~ a l ~ v a d o r ' s  Educa t iona l  Reform is f u l l y  implemented. In  o r d e r  t o  

i l l u s t r a t e  how c l a s s  s i z e  and N j o i n t l y  a f f e c t  t h e  pe r  s t uden t  c o s t s ,  

F igure  V I I .  3  shows how E(1TV) v a r i e s  w i th  N f o r  t h r e e  va lue s  o f  

C :  C = 3 5 ;  C = 4 0 ;  C Z 4 5 .  

F igure  VI I . 3  a l s o  shows E(no ITV) , t h e  assumed i n s t r u c t i o n a l  c o s t  

i f  ITV hsd no t  been i n t roduced ,  of $52. E(no ITV) does  n o t ,  of cou r se ,  

vary w i th  N . A l l  p o i n t s  on t he  E(1TV) curves  t h a t  l i e  below t h e  

E(no ITV) curve i n d i c a t e  combinations of  c l a s s  s i z e  and t o t a l  enro l lment  

t h a t  r e s u l t  i n  having i n s t r u c t i o n a l  c o s t s  pe r  s t u d e n t  be less wi th  ITV 

than wi thout .  For example, i f  C = 40 i n  F igure  VII .3 ,  t h i s  i n d i c a t e s  



E(1TV) for  C - 3 5  

1 = n d 6 ?  ~f students using ETV 
C = clase s l z ~  

FIGURE V I I .  3 

INSTRUCTIONAL COSTS PER STUDENT PER YEAR 



t h a t  w i t h  more t h a n  60,000 s t u d e n t s  u s i n g  TTV, t h e  c o s t  p e r  s t u d e n t  p e r  

y e a r  would b e  l e s s  w i t h  t h e  ITV sys t em t h a n  w i t h o u t  t h e  changes  i n  

c l a s s  s i z e  and t e a c h e r  h o u r s  which accompanied t h e  i n t r o d u c t i o n  of 

ITV. I t  t h u s  seems q u i t e  p o s s i b l e  t h a t  t h e  u s e  of ITV i n  t h e  Reform 

i n  E l  S a l v a d o r  w i l l  b e  accompanied by a r e d u c t i o n  i n  u n i t  c o s t s .  



CHAPTER VIIl 

THE STANFORD INSTRUCTIONAL TELEVISION SYSTEM 

The Stanford I n s t r u c t i o n a l  Te lev is ion  System, e s t a b l i s h e d  i n  

1968, i s  one of a  number of ITV systems i n  t h e  United S t a t e s ,  wi th  

a  c l i e n t e l e  c o n s i s t i n g  of fu l l - t ime  employed p r o f e s s i o n a l s .  These 

systems a r e  t y p i c a l l y  operated by u n i v e r s i t i e s  and provide under- 

graduate  and gradua te  h igher  educat ion.  S tudents  who a r e  p a r t  of 

t he  system rece ive  a l l  of t h e i r  i n s t r u c t i o n  v i a  t he  ITV system. 

For exam?le, s t u d e n t s  i n  t he  Stanford system may r ece ive  a  Master 

of Engineering degree from Stanford o r  a  Master of Business Administra- 

t i o n  from Golden Gate Univers i ty .  

%is system was e s t a b l i s h e d  t o  extend l e a r n i n g  t o  persons f o r  

whom classroom a t tendance  was d i f f i c u l t  because of e i t h e r  commuting 

d i s t a n c e s  o r  i n t e r f e r e n c e  wi th  normal work a c t i v i t i e s .  By reducing 

these  problems, i t  is poss ib l e  t o  extend cont inu ing  educat ion t o  

p r o f ~ s s i o n a l s  who might o r d i n a r i l y  forgo f u r t h e r  educat ion.  In  

a d d i t i o n ,  the  system reduces t he  l o s s  i n  work time f o r  companies 

which o r d i n a r i l y  a l low s t u d e n t s  t o  a t t e n d  c l a s s e s  during work. P e t t i t t  

and Grace (1970) mentioned t h a t  one company es t imated  a  sav ings  of 

2 .5  mhn y e a r s  dur ing  one academic year  when the  ITV system was used. 

Unfortunately,  they d i d  not r e p o r t  t he  number of s t u d e n t s  from t h i s  

company. 

The system d i f f e r s  from t y p i c a l  formal educa t ion  programs where 

a  r e c s i v e r  ( t e l e v i s i o n  o r  r ad io )  is i n  a  classroom and viewed by a  

group of s t u d e n t s ,  and from d i s t a n c e  l e a r n i n g  where s t u d e n t s  view 

o r  hear  programs a t  s i t e s  of t h e i r  own  election. Severa l  companies 

i n  t h e  a r ea  nea r  Stanford have e s t a b l i s h e d  themselves a s  r ecep t ion  

pointr  by equipping one o r  more rooms i n  t h e i r  b u i l d i n g s  wi th  r e c e i v e r s .  

A t y p i c a l  Stanford engineer ing  c l a s s  has  an i n s t r u c t o r  and on-campus 

s t u d e n t s  i n  a  s t u d i o  classroom and one o r  more off-campus s t u d e n t s  

i n  s e v e r a l  of t h e  company classrooms wi th  no i n s t r u c t o r s  i n  t h e s e  

class-ooms. 
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The o r i g i n a l  d e c i s i o n  t o  e s t a b l i s h  t h e  system inc luded  t h e  

o b j e c t i v e  of p rov id ing  an e q u i v a l e n t  q u a l i t y  e d u c a t i o n  f o r  off-campus 

s t u d e n t s .  The companies which jo ined  the  S t a n f o r d  ITV system i n  

t h e  e a r l y  y e a r s  e s t a b l i s h e d  t a l k b a c k  f a c i l i t i e s .  The video p o r t i o n  

is a one way broadcas t  from t h e  s t u d i o  c lassroom t o  t h e  company 

c lassrooms b u t  t h e  aud io  p o r t i o n  i s  a two way p r o c e s s  a l lowing  t h e  

s t u d e n t s  i n  t h e  company c lassrooms t o  a s k  and respond t o  q u e s t i o n s .  

The response  uf a s t u d e n t  is r e b r o a d c a s t  t o  t h e  o t h e r  company 

c lassrooms.  Although t h e  s t u d e n t s  a r e  g e o g r a p h i c a l l y  s e p a r a t e d ,  

t h e  system has  been e s t a b l i s h e d  t o  d u p l i c a t e  t h e  more t r a d i t i o n a l  

s e t t i n g .  

Two o r g a n i z a t i o n s  u t i l i z e  t h e  S t a n f o r d  ITV system. The f i r s t  

b r o a d c a s t s  S t a n f o r d  e n g i n e e r i n g  c o u r s e s  which a r e  p a r t  of t h e  normal 

g radua te  program a t  S tanford .  The second o r g a n i z a t i o n ,  t h e  Associa- 

t i o n  f o r  Cont inuing Educat ion (ACE) b r o a d c a s t s  a v a r i e t y  of programs 

designed t o  s e r v e  t h e  i n t e r e s t s  o f  t h e  companies which a r e  members 

of t h e  S t a n f o r d  ITV system. I n  1974 t h e r e  were 37 member companies 

and 30 of chese  had e s t a b l i s h e d  c lassrooms.  There  were 2,142 s t u d e n t s  

f o r  t h e  S tanford  e n g i n e e r i n g  c o u r s e s  and 2,800 f o r  t h e  ACE courses .  

1. THE SYSTEM 

T e c h n i c a l  C h a r a c t e r i s t i c s  

I n  1963 t h e  FCC d e s i g n a t e d  a band of  31 TV channe l s  t o  be used by 

e d u c a t i o n a l  I n s t i t u t i o n s  and c a l l e d  it ITFS ( 2 n s t r u c t i o n a l  T e l e v i s i o n  

Fixed Servicte) .  The band ex tends  from 2,500 t o  2,686 mHz w i t h  each 

channel  occupying 6  mHz. Channels a r e  u s u a l l y  a l l o c a t e d  i n  groups  of 

f o u r  w i t h  6  mHz i n  between each channe l .  The maximum power o f  any 

s t a t i o n  i s  1 0  watts, and, because  of t h e  h igh  f r e q u e n c i e s  of t h e  

b r o a d c a s t ,  s p e c i a l  equipment is r e q u i r e d  t o  conver t  t h e  s i g n a l  t o  

t h e  lower f r e q u e n c i e s  used as i n p u t  t o  a s t a n d a r d  t e l e v i s i o n  moni tor .  

I n  response  t o  a p r o p o s a l  by S t a n f o r d ,  t h e  FCC i n  June 1969 set  a s i d e  

an a d d i t i o n a l  band of 4  mHz (2686-2690 mHz) t o  a l l o w  f o r  FM r a d i o  

t a l k b a c k .  



Broadcasts  a r i g i n a t e  on t h e  S tanford  campus <ind t h e  s i g n a l s  a r e  

s e n t  from t h e  mas te r  c o n t r o l  room t o  a  mountain top t r a n s m i t t e r  7 . 9  

m i l e s  from campus v i a  a  12  GH microwave l i n k .  On t h e  mountain,  7 of  

the  10 a v a i l a b l e  w a t t s  a r e  u t i l i z e d  f o r  a  160" omni -d i rec t iona l  

t r a n s m i s s i o n  and a  coverage of 20-25 m i l e s  is  p o s s i b l e .  The 160° 

beam i s  u t i l i z e d  s i n c e  a l l  r e c e i v i n g  s i t e s  a r e  l o c a t e d  on one s i d e  

of t h e  m u n t a i n  range.  The remaining t h r e e  w a t t s  of  power a r e  

focussed i n t o  h i g h e r  g a i n  beams t o  a r e a s  35-40 m i l e s  from campus. 

3n campus t h e r e  a r e  f o u r  c lass rooms  and one aud i to r ium equipped 

f o r  t r a n s m i s s i o n .  There is  a  c o n t r o l  complex of f i v e  c o n t r o l  rooms 

f o r  t h e  c lassrooms and t h e  a u d i t o r i u m ,  and a  s e p a r a t e  m a s t e r  c o n t r o l  

f o r  a l l  of t h e  rooms. The c o n t r o l  complex and t h e  mas te r  c o n t r o l  

room a r e  l i n k e d  by c a b l e .  The a u d i t o r i u m  h a s  200 s e a t s ,  f i v e  23" 

moni to r s  f o r  viewing i n  t h e  a u d i t o r i u m ,  and two GPL-1000 Vidicon 

cameras (one r e a r  and one overhead) .  Each c lass room h a s  45 s e a t s  

w i t h  one 9" moni tor  f o r  every  two s e a t s ,  2 cameras,  and an 

i n s t r u c t o r ' s  desk (wi th  f a c i l i t i e s  f o r  showing s l i d e s ,  t r a n s p a r -  

e n c i e s ,  e t c . ) .  Attached t o  each  of  t h e  c lass rooms  i s  an over f low 

room 3f 25 s e a t s  wi th  one 9" moni to r  f o r  e v e r y  two s e a t s  and no 

b r o a d c a s t  f a c i l i t i e s .  The moni to r s  i n  t h e  c lass rooms  and a u d i t o r i u m  

a r e  u t i l i z e d  t o  e n a b l e  on-campus s t u d e n t s  t o  view diagrams,  c h a r t s  

and n o t e s  b roadcas t  by t h e  overhead camera. 

At each r e c e i v i n g  s i t e  a  s p e c i a l  antenna and a  down c o n v e r t e r  

a r e  r e q c i r e d ,  i n  a d d i t i o n  t o  s t a n d a r d  t e l e v i s i o n  moni tors  f o r  recep-  

t i o n  oE t h e  v ideo  and aud io  b r o a d c a s t s .  There may a l s o  be from one 

t o  f o u r  c lassrooms each independen t ly  s w i t c h a b l e  t o  r e c e i v e  broad- 

c a s t s  from any one of  t h e  f o u r  channe l s .  Two types  of  t a l k b a c k  

f a c i l i t i e s  a r e  p o s s i b l e :  a  sys tem which a l l o w s  s imul taneous  t a l k -  

back from any of t h e  c lass rooms  a t  a  g iven l o c a t i o n  on d i f f e r e n t  

f r e q u e n c i e s  o r  a  t ime-shared t a l k b a c k  system which a l l o w s  f o r  

t a l k b a a k  on o n l y  one f requency from a given l o c a t i o n ,  r e g a r d l e s s  

of t h e  m b e r  of c lassrooms.  The f i r s t  o p t i o n  a l l o w s  s t u d e n t s  a t  

a  l o c a t i o n  w i t h  more than  one c lass room t o  s i m u l t a n e o u s l y  a s k  

q u e s t i o n s  i n  d i f f e r e n t  c o u r s e s .  The second o p t i o n  a l l o w s  o n l y  one 



s t u d e n t  t o  speak from a given l o c a t i o n  even i f  f o u r  courses  a re  being 

viewed. D i f f e r e n t  f r e q u e n c i e s  a r e  a l l o t t e d  t o  each of t h e  c o u r s e s  

being b r o a d c a s t .  Spec ia l  equipment is  u t i l i z e d  which a l lows  on ly  

one off-c.unpu; s t u d e n t  t o  s p e ~ k  on each frequency . 
WhI 1 tx broadcas t  is  possiblcs on four  c-hanncxls s imr~ 1 tnniwrisl y ,  

most of tl~cn r e c e i v i n g  s i t e s  iiavc> fewer than f o u r  c-1.1ssroorns as i t  

is un1ikel:r t h a t  f o u r  c o u r s e s  be ing  b ~ o a d c a s t  s i n ~ u l t a n t . o u s l v  wvllld 

a l l  be of  i n t e r e s t  t o  i n d i v i d u a l s  a t  a  g iven company. 

Organ iza t ion  and U t i l i z a t i o n  of S t a n f o r d  Engineer ing Courses 

The t r o a d c a s t  o f  S tanford  e n g i n e e r i n g  c o u r s e s  i s  a c o n t i n u a t i o n  

of t h e  S t a n f o r d  Honors Cooperat ive  Program (HCP) which was begun i n  

1953 t o  a l l o w  s t u d e n t s  w i t h  f u l l  t ime p o s i t i o n s  i n  l o c a l  companies 

t o  pursue g r a d u a t e  e d u c a t i o n  i n  e n g i n e e r i n g  and s c i e n c e .  P r i o r  t o  

t h e  adven t  of  t h e  t e l e v i s i o n  system,  t h e s e  s t u d e n t s  had t o  commute 

t o  campus. Regular S t a n f o r d  admiss ion p rocedures  and p r i v i l e g e s  app ly  

t o  t h e s e  s t u d e n t s .  A s  t u i t i o n  was c a l c u l a t e d  t o  cover  approx imate ly  

one-half of t h e  c o s t s  of  e d u c a t i o n ,  t h e  HCP s t u d e n t s  a r e  r e q u i r e d  

t o  pay a  mdtching f e e  equa l  t o  t h e  amount of  t h e  t u i t i o n .  The 

c o u r s e s  t h a t  are r e c e i v e d  v i a  t e l e v i s i o n  a l s o  have an a d d i t i o n a l  

s u r c h a r g e  of  $20 p e r  c o u r s e .  

S t u d e n t s  may a l s o  t a k e  t h e  c o u r s e  on a  n o n c r e d i t  b a s i s  (non- 

r e g i s t e r e d  option--NRO) and pay t h e  matching f e e  and t h e  TV s u r c h a r g e .  

These s t u d e n t s  may l a t e r  a p p l y  f o r  admiss ion t o  a  r e g u l a r  degree  

program i f  t h e i r  g r a d e s  a r e  h i g h  enough and, by paying t h e  t u i t i o n ,  

app ly  t h e  c r e d i t  towards  a  degree .  S i n c e  t h e  c o u r s e s  t h a t  a r e  broad- 

c a s t  a r e  r e g u l a r  u n i v e r s i t y  c o u r s e s ,  t h e  admiss ion from t h e  above 

c a t e g o r i e s  cE s t u d e n t s  i s  l i m i t e d  t o  50% of  t o t a l  c l a s s  enro l lment  

wi th  p r i o r i t y  given t o  s t u d e n t s  i n  t h e  Honors Coopera t ive  Program. 

The remainder  of  t h e  e n r o l l m e n t s  c o n s i s t s  of  r e g u l a r  f u l l  t ime 

S t a n f o r d  s t u d e n t s .  

A t h i r d  c a t e g o r y  of s t u d e n t s  c o n s i s t s  o f  a u d i t o r s  who r e c e i v e  

c l a s s  m a t e r i a l  b u t  who a r e  n o t  graded.  I n  o r d e r  t o  encourage i n c r e a s e d  



a u d i t o r  enro l lment  and r a i s e  revenue,  S t a n f o r d  i n  1971 e s t a b l i s h e d  t h e  

fo l lowing  p r i c i n g  schedu le  f o r  e a c h  company: 

T o t a l  number of  a u d i t o r s  Fee f o r  each 
per q u a r t e r  a u d i t o r  

Under t h e  p r e v i o u s  system of charg ing  $135.00 p e r  a u d i t o r ,  t h e r e  was 

an a l e r a g e  of 30 a u d i t o r s  p e r  q u a r t e r ;  t h i s  f i g u r e  climbed t o  450 by 

autumn, 1973. S ince  t h e  a u d i t o r  on ly  r e c e i v e s  p r i n t e d  m a t e r i a l ,  t h e r e  

is a smal l  d r a i n  on r e s o u r c e s  of t h e  system and revenues  have more 

than  doubled.  

Regular  S t a n f o r d  f a c u l t y  members a r e  used i n  t h e s e  c o u r s e s  and 

i n s t e a d  of t e a c h i n g  t h e  c l a s s  i n  a r e g u l a r  c lass room,  t h e  c o u r s e  is 

taugh t  i n  one of t h e  TV classrooms and b r o a d c a s t  l i v e  from t h a t  

f a c i l f  t y .  

J t i l i z a t i o n  of t h e  S t a n f o r d  e n g i n e e r i n g  c o u r s e s  f o r  1968 (academic 

y e a r  1968-69) through 1987 i s  r e p o r t e d .  Enrollment and b roadcas t  

s c h e d u l e s  a r e  used f o r  1968 through 1974 and p r o j e c t i o n s  were under- 

t aken  from 1975 on.  S t a n f o r d  h a s  b r o a d c a s t  an average  of  40-45 

c o u r s n s  each  q u a r t e r  d u r i n g  t h e  autumn, w i n t e r ,  and s p r i n g  q u a r t e r s  

and 20 d u r i n g  t h e  summer q u a r t e r .  During t h e  p a s t  two y e a r s  (1973 

and 197h) ,  a t o t a l  of  150 c o u r s e s  has  been b r o a d c a s t ,  and a s  no 

expans ions  a r e  planned,  i t  h a s  been p r o j e c t e d  t h a t  150 c o u r s e s  p e r  

year  w i l l  c o n t i n u e  t o  be b r o a d c a s t .  

A Scanford e n g i n e e r i n g  c o u r s e  is  t y p i c a l l y  30 hours  i n  l e n g t h .  

The b roadcas t  of 150 c o u r s e s  i n v o l v e s  4,500 hours  o f  b roadcas t  t ime.  

When one c o n s i d e r s  t h a t  t h e s e  c o u r s e s  a r e  normal ly  scheduled from 

8 a.m. t o  1 2  p.m. and 1 p.m. t o  5 p.m. on Mondays t o  F r i d a y s ,  then  

f o r  f o u r  10-week q u a r t e r s  t h e r e  is a t o t a l  o f  6 ,400  hours  a v a i l a b l e  

f o r  b r o a d c a s t i n g  of  e n g i n e e r i n g  c o u r s e s  qnd t h e  system is under- 

u t i l i z e d .  



HCP and NRO s t u d e n t s  a r e  cons idered  t o  be r e g i s t e r e d  s t u d e n t s  

i n  Tab le  V I I I . l  and a u d i t o r s  a r e  considered s e p a r a t e l y .  When t h e  

new f e e  schedule  f o r  a u d i t o r s  was i n s t i t u t e d  i n  1971, t h e  number 

of r e g i s t z r e d  s t u d e n t s  dropped by one- th i rd  (from 939 t o  622 s t u d e n t s )  

whi le  t h e  number of a u d i t o r s  i nc r ea sed  d r ama t i ca l l y  from 98 t o  737. 

However, i n  t h e  l a s t  two y e a r s  t h e r e  ha s  been an upsurge i n  t h e  

number of r e g i s t e r e d  s t u d e n t s  (658 i n  1972 t o  962 i n  1974) and a  

d e c l i n e  i n  t h e  number of a u d i t o r s  (1 ,321  i n  1972 t o  1 ,180 i n  1974).  

The p r o j e c t i o n  of u t i l i z a t i o n  f o r  1975 and beyond involved conserva- 

t i v e  assumptions of 25 s t u d e n t s  t r a n s f e r r i n g  from a u d i t o r  s t a t u s  

t o  r e g i s t e r e d  s t a t u s  each yea r  and an a d d i t i o n a l  25 s t u d e n t s  j o i n i n g  

t h e  system ,as r e g i s t e r e d  s t u d e n t s  each year .  With t h e s e  assumptions ,  

t o t a l  enrp l lment  is p r o j e c t e d  t o  i n c r e a s e  from 2,142 s t u d e n t s  i n  

1974 t o  2,467 i n  1987. 

Organ iza t ion  and U t i l i z a t i o n  of ACE Courses 

The -4ssocia t ion f o r  Cont inuing Educat ion (ACE) was formulated t o  

meet t h e  needs  of l o c a l  i n d u s t r y ,  and a  wide v a r i e t y  of cou r se s  i s  

p r e sen t ed ,  i nc lud ing  cou r se s  l e a d i n g  t o  a  Master of Business  

Adminis t ra t ion  degree  from Golden Gate Un ive r s i t y ,  p r epa ra to ry  

courses  f ( ' r  t h e  MBA degree from t h e  Col lege  of Notre Dame, t e c h n i c a l  

courses  i n  Cybernet ic  Systems i n  coopera t ion  w i th  C a l i f o r n i a  S t a t e  

Un ive r s i t y  a t  San J o s e ,  f ou r  cou r se s  l e a d i n g  t o  a  c e r t i f i c a t e  i n  

Superv i sory  Management, and s p e c i a l  courses  designed t o  meet s p e c i f i c  

needs  of :he member f i rms .  ACE r e n t s  o f f i c e  space  on S t a n f o r d ' s  

campus and pays $18.00 p e r  hour f o r  use  of  t h e  s t u d i o  c lass rooms ,  

b roadcas t i ng  equipment and t e c h n i c i a n s .  Courses a r e  p r e sen t ed  Mondays 

t o  F r i days  from 7  t o  8  a.m., 12 t o  1 p.m., and 5 t o  7  p.m. I n  t h i s  

manner a i r  t ime is used t h a t  would b e  unusable  f o r  b roadcas t i ng  t h e  

S t an fo rd  eng inee r i ng  cou r se s .  

The Assoc i a t i on  f o r  Cont inuing Educat ion h a s  two arrangements  

wi th  companies and s e v e r a l  d i f f e r e n t  arrangements  w i th  t h e  u n i v e r s i t i e s  

t h a t  a r e  c f  p a r t i c u l a r  i n t e r e s t  s i n c e  t h e  S tanford  and ACE 



No. o f  c o u n a a  
No. o f  hour. 
No. o f  rcgirt.md a t r d o n t e  
No. o f  a u l i t m  
No. o f  a M e n t  hour#  (no a r d l t o r s )  

(in tk.aJ.6anda) 
No. o f  e t a d e n t  hour. (w i th  a u l i t a r r )  
No. o f  s t d e n t .  

ACE - 
No. o f  oaursea  
No. o f  h a r r a  
No. o f  a t u d e n t a  
No. of s t u d e n t  hour. (in t b o l u m d s )  

S t a n f o r d  Am 
No. of e t u l e n t a  (no Udlt4ms) 
110. o f  s t u d e n t 8  (wl th  aIditor8) 
No. o f  a ruden t  h a r n  (no urditon) 
tlo. o f  a t u d e n t  h m a  ( d t h  a\di tora)  
110. o f  hour. 

' s tanford.  The number of cournee a v a i l a b l e  m d  t h e  n u b e r  of registered a tuden te  and a u d i t o r e  f o r  1969 through 1974 a r e  de r ived  from cotrrc schc ' u l e s  
and en ro l lmen t  record.. A l l  coureee  a r e  3 0  hourm in l eng th  and e tuden ta  a r e  counted by number of course  registrations. A s tuden t  en ro l l ed  in  t i rrlur..eh 
l a  countmd tvlcm. P ro jacc ioaa  f o r  1975 th rauah  1907 ware u rda r t akan  by a n n u i n 8  no g r w t h  in n u b e r  of cournee,  a con t inua t ion  of the  t r end  fro-, ~ u d i t o r  
t o  r a g t o t e r e d  mtetum a t  25 mtudaata p a r  yea r  urd  u r  a d d i t i o n a l  g a b  of 25 regimtered s tudan ta  pe r  y e a r  (m i n c r e a s e  i n  t o t a l  s t~ rd r -n t s  of app rox ima~e ly  one 
par  c e n t  per ymer). k t h e r e  i m  n w  a e t a r t  b t h e  uae o f  v ideotapen,  thim i n c r e m e  i n  u t i l i ~ a t i o n  i n  probably ex t r eme ly  c m s e r v a t l v e .  

b ~ ~ ~ .  - Thm a&r o f  cournem, n h a r  of houra. m d  amber o f  r ea imta red  mtudmt. f o r  yearn 1969 through 1974 were de r ived  from course  echedulee  and 
en ro l lmen t  record.. Student  houra f o r  t heae  yearm ue re  c a l c u l a t e d  by aaaumbg  each a t u d m t  i n  i n  a c l a e e  of average l eng th  ( t o t a l  hours  d lvidcd by nunber 
of cou r ses  f o r  a g iven yea r ) .  P r o j e c t i o n s  were c a l c u l a t e d  by a n s u i n g  c l a s a  a i r e  t o  renuin a t  35 s t u d e n t s  pe r  c l a s s  ( t h e  average c l a s s  sire f o r  1372 .  1 9 7 )  
and 19741, .n a d d i t i o n a l  f i v e  cour ses  p e r  yea r ,  and rn ave rage  course  l e n g t h  of 24 hours.  These ex tens ione  a r e  n o t  unreasonable  a s  t h e  ayscem v l t l i  f o u r  
rhnnncl a f a  nl I l l  ~ ~ n d r r ~ r t l l  i z r d .  

BEST AVAILABLE COPY 



o r g a n i z a t i o n a l  ar rangements  have i n s p i r e d  p r o p o s a l s  on o t h e r  campuses 

(Col lege  of Engineer ing ,  1972).  Committed companies pay an annua l  

f e e  of $12,OC@, and i n  a d d i t i o n  t o  r e c e i v i n g  reduced t u t i o n  f o r  

most of  t h e  c o u r s e s ,  they a r e  e n t i t l e d  t o  reques t  f o u r  4-week 

c o u r s e s  each y e a r  t h a t  meet t h e i r  own requ i rements .  S t u d e n t s  from 

t h e s e  companies pay $75 p e r  c o u r s e  f o r  Golden Gate MBA c o u r s e s  t o  

ACE, and no f e e  t o  ACE f o r  c o u r s e s  des igned by ACE o r  the  Col lege  

of  Notre  Dame. S t u d e n t s  from uncommitted companies t h a t  pay no 

f e e  a r e  charged $174 p e r  course  f o r  MBA c o u r s e s  and $50 f o r  ACE and 

Notre Dame c o u r s e s .  S t u d e n t s  from a l l  companies pay $15 per  c o u r s e  

t o  the  Col lege  of  Notre  Dame f o r  Notre Dame c o u r s e s  and r e g u l a r  

t u i t i o n  f o r  San J o s e  S t a t e  U n i v e r s i t y  c o u r s e s .  

For t h e  Golden Gate MBA c o u r s e s  ACE pays a f e e  o f  $2,500 p e r  

c o u r s e  and Golden Gate is r e s p o n s i b l e  f o r  h i r i n g  t h e  i n s t r u c t o r s ,  

p r i n t i n g  m a t e r i a l s ,  and d e s i g n i n g  t h e  course .  ACE r e c e i v e s  a l l  

s t u d e n t  f e e s  f o r  t h e  MBA c o u r s e s .  San J o s e  a l s o  h i r e s  i t s  own 

i n s t r u c t o r s  and d e s i g n s  t h e  c o u r s e ,  b u t  they  pay ACE a f e e  of  $60 

p e r  u n i t  p s r  s t u d e n t .  For  t h e  Col lege of  Not re  Dame c o u r s e s  ACE 

h i r e s  i n s t r u c t o r s  and b e a r s  a l l  o t h e r  expenses .  The Col lege  of Not re  

Dame r e c e i v e s  $15 p e r  s t u d e n t  p e r  c o u r s e  and g r a n t s  c r e d i t  f o r  t h e  

course .  

U t i l i z a t i o n  of ACE c o u r s e s  i s  r e p o r t e d  i n  Table  VIII.l. The 

number of c o u r s e s  h a s  i n c r e a s e d  by an average  of 11 p e r  y e a r  from 24 

i n  1969 t o  80 i n  1974. I t  h a s  been assumed t h a t  ACE w i l l  c o n t i n u e  

t o  add f i v e  c o u r s e s  p e r  y e a r  through 1987. 

While t h e  numbfr of c o u r s e s  h a s  i n c r e a s e d ,  t h e  average  c o u r s e  

l e n g t h  h a s  decreased j f rom approximately  32 hours  i n  1969 t o  a n  
i average  of  22.5 hour6 i n  1974. For  purposes  of  p r o j e c t i o n ,  t h e  average  
< 

c o u r s e  l e n g t h  h a s  been assumed t o  be 24 hours  f o r  1975 through 1987. 

A s  ACE can u s e  t h e  t e l e v i s i o n  system on ly  dur ing  h o u r s  n o t  r e s e r v e d  

f o r  S t a n f o r d  e n g i n e e r i n g  courses ,  t h e r e  is a t o t a l  of 2,880 hours  

a v a i l a b l e  dur ing  t h e  f o u r  ten-week q u a r t e r s .  I f  S t a n f o r d  c o n t i n u e s  

a t  t h e  same u t i l i z a t i o n  r a t e ,  then  an a d d i t i o n a l  1 ,900  hours  a r e  



a v a i l a b l e  during times normally reserved f o r  Stanford.  I f  one des igns  

shor t  courses  f o r  the  twelve weeks of the  year  f o r  which no courses  

a r e  broadcast  f o r  Stanford,  an a d d i t i o n a l  2,784 hours  become a v a i l -  

ab l e .  A t o t a l  of 7,564 hours is  p o t e n t i a l l y  a v a i l a b l e  f o r  ACE courses .  

The p ro j ec t ions  f o r  u t i l i z a t i o n  r e s u l t  i n  only 3,480 hours i n  1987. 

While the number of s tuden t s  e n r o l l e d  i n  a l l  ACE courses  has  

more than doubled from 1,365 i n  1969 t o  2,800 i n  1974, t h e  average 

c l a s s  s i z e  has decl ined from 57 t o  35 s tuden t s .  For purposes of 

proje:ting u t i l i z a t i o n ,  i t  has been assumed t h a t  c l a s s  s i z e  w i l l  

remai.1 a t  an average of 35 s tuden t s .  This  r e s u l t s  i n  an assumed 

enrollment of 5,075 s tuden t s  i n  1987. 

Ef fec t iveness  

This  system u t i l i z e s  one way video t ransmiss ions  with two way 

audio s o  tha t  s tuden t s  may a sk  ques t ions  of the  i n s t r u c t o r .  While 

t he  two way audio adds t o  the  cos t  of t he  system, the re  is  no ' 

convircing evidence t h a t  i t  c o n t r i b u t e s  t o  the  e f f e c t i v e n e s s  of t he  

courses ;  Martin-Ve~ue, Morris and Talmadge (1972) suggested t h a t  t he  

major reasons f o r  including two way audio may have been t o  gain 

f a c u l t y  acceptance and t o  al low off-campus s tuden t s  not  t o  f e e l  l i k e  

second c l a s s  s tuden t s .  However, a t  p resent  Stanford Univers i ty  has  

no requirement f o r  i n s t a l l i n g  two way audio a s  a  systems component 

f o r  newly jo in ing  companies. 

Dubin and Hedley (1969) i n  a  review of the  e f f e c t i v e n e s s  of ITV 

a t  t he  co l l ege  l e v e l ,  concluded t h a t  while t h e r e  were no s i g n i f i c a n t  

d i f f e r e n c e s  i n  the e f f e c t i v e n e s s  of one-way t e l e v i s i o n  with conven- 

t i o n a l  f ace  t o  f ace  i n s t r u c t i o n  ( f o r  example, l e c t u r e ,  d i s c u s s i o n ) ,  

t e l e v i s i o n  with two-way audio was i n f e r i o r  t o  convent ional  i n s t r u c t i o n .  

Dubin and Hedley based t h e i r  conclusions on a  sununarization of  the  

r e s u l t s  of 93 s t u d i e s  comparing t e l e v i s e d  and convent ional  i n s t r u c t i o n .  

However, of  the  26 s t u d i e s  comparing convent ional  i n s t r u c t i o n  with 

two way t e l e v i s i o n ,  25 came from one school (Los Angeles City School 



D i s t r i c t ,  1959)  and the  r e s u l t s  may i n d i c a t e  poor o rgan iza t ion  o r  some 

o the r  de f i c i ency  of t h e  p a r t i c u l a r  system r a t h e r  than i n e f f e c t i v e n e s s  

of two-wa:r t e l e v i s i o n  per se. 

Chu and Schramm (1967) concluded t h a t :  "The l ack  of oppor tun i ty  

f o r  s t u d e n t s  t o  r a i s e  ques t i ons  and p a r t i c i p a t e  i n  f r e e  d i s cus s ion  

would seem t o  reduce the  e f f e c t i v n e s s  of l e a rn ing  from i n s t r u c t i o n a l  

t e lev is io-1 ,  p a r t i c u l a r l y  i f  the  s tuden t s  a r e  f a i r l y  advanced o r  the  

m a t e r i a l  i s  r e l a t i v e l y  complicated' '  (p. 91) . However, while  they 

c i t e d  evidence t h a t  s t u d e n t s  a r e  l e s s  d i s s a t i s f i e d  when two way 

audio i s  a v a i l a b l e  ( S t u i t  e t  a l . ,  1956 and Southwestern S igna l  Corps 

Tra in ing  Center ,  1953),  t he  evidence they c i t e d  regarding the  

e f f e c t i v e n e s s  of two way audio (Wolgamuth, 1961 and Greenh i l l ,  1964) 

l e a d s  t o  a  conclusion of no s i g n i f i c a n t  d i f f e r e n c e s  wi th  r e spec t  t o  

convent ional  i n s t r u c t i o n .  

In  s t u d i e s  of s t uden t s  u t i l i z i n g  the  Stanford system, Jamison 

and Lumsden (1975) found no s i g n i f i c a n t  d i f f e r e n c e s  i n  l ea rn ing  among 

s t u d e n t s  i n  t he  classroom, s tuden t s  u t i l i z i n g  t h e  two way audio  

f a c i l i t y ,  and s t u d e n t s  viewing the  l e c t u r e s  on v ideotape .  

Wells (1974),  i n  an a n a l y s i s  of s tudent  opinions regard ing  the  

Stanford system, found t h a t  s t uden t s  f e l t  t h a t  the  two way audio system 

was necessary al though they were l e s s  i nc l i ned  t o  use the  two way 

audio than speak i n  a  t r a d i t i o n a l  classroom s e t t i n g .  

2. SYSTEM COSTS 

Year by Yeer Cost 

Costs  f o r  t h e  S tanford  ITV system a r e  presented i n  Table VIII .2  

i n  1972 U.  S. d o l l a r s .  The t o t a l  investment i n  product ion and t r ans -  

mission equipment, on-campus classroom recep t ion ,  c o n s t r u c t i o n ,  and 

personnel planning and cons t ruc t ion  was approximately $850,000. 

This  compares wi th  $825,000 spent  by t h e  Univers i ty  of Southern 

C a l i f o r n i a  i n  t h e  cons t ruc t ion  of a  s i m i l a r  f a c i l i t y .  The USC 

f a c i l i t y  was r e c e n t l y  b u i l t  and it is expected t h a t  equipment c o s t s  

have r i s e n .  However, s i n c e  Stanford was t he  f i r s t  system t o  u t i l i z e  



(ln thbuaurda  o f  1972 U.S. d o l l a r a )  

~ d m i n l  a t r a t 1 2  
1. S t a f f  - s tmio ld  
2. O f f l o e  and m k t d  - Stanford 
3. stArt -ACE 
4. Off i c e  urd m l m t d  - ACH 

f r o d u c t i r n '  
5. F a c l i i t y  . 482.2 
6. ~ q u i p w n t  233.3 
7. !ukfr.tenanca @. I n 6 t m c t o r a  - S W o l d  
9. T e c h n i c i u r a  - Stanford 
10. I r , s t m c t o r s  - A= 
11. I h c h n i c i m a  - A= 
l2. S t u l l o  rental - ACE 

R.Ms.TI~:~o~~~ 
13. Equipment 
14 .  * I a i n t m m c e  

d  
R e c e p t l o n  
15. Ecuipment 

?oTnL casf 
17. S t an fozd  ( n o  terahra) 1187.3 107.2  116.1 117.9 154.1 13 .5  l S 4 . 3  176.4  L82.1 m 3 . 5  s . 4  201.4 208.4 215.7 240.8 331.2 2 3 . 6  
18. S tuUo l rb  (teaohm) ll87.3 347.P 41P.l 403.9 444.1 43.5 w.3 476.4 402.1 488.5 665.4 501.4 508.4 5l5.7 540.8 531.2 5 B . 6  
19. Acll  S w o r d  (m bnrbrrr) l187.3 141.7 l52.8 159.6 198.6 187.9 206.8 231.3 239.3  248.1 427.6 266.3 276.0 286.2 314.2 x7.8 319.k 
20. A C E +  stanfold (toadurn) U81.3 4 4 . 7  515.8 509.9 564.1 634.1 666.8 701.3 n9.3 79 .0  941.6 n6.3 796.0 816.2 W . 2  857.8 875.4 

a ~ d m i n l s t r a t i o n .  Adminis t ra tLve expense s  f o r  S t an fo rd  and ACE f o r  y e a r s  1969 through 1974 were d e r i v e d  from budgeted expeneec  f o r  e a c h  c r  
~ r l i c r - m d  r e l a t e d  expense s  i n c l u d e  pape r .  ma i l i ngs ,  s c o u r i e r  v e h i c l e  f o r  d i s t r i b u t : o n  and c o ? l e c t i o n  of cou r se - r e l a t ed  p a p e r s ,  a c t u a l  o f f l i c  
f o r  ACE and an Imputed r e n t  f o r  S t an fo rd .  P r o j e c t i o n s  were  sccompl ished by assuming mnwl i n c r e s e e s  o f  5 p e r  c e n t  i n  s a l a r i e s  (whlrh  mav h,, 
would be a r e a l  l n c r e a e  above Lcl f la t icn  r a t e s )  and c o n s t a n t  s t r e u s  of $10.000 f o r  o f f i c e  expense s  f o r  each  o r g a n i z a t i o n .  

b ~ r o d u c t i o n .  The i n i t i a l  expense  f o r  t he  f a c i l i t y  l a  t h e  -1mt w e n t  f o r  per-el m d  c m a t r u c t i o n  d u r i n s  t h e  p l a n n i n ~  and c a n p l e t l m  
c o ~ i t r o l  room. u i d  t l te  a t u d l u  cumplex. T l ~ i u  f a c i l i t y  v i l l  n o t  need r e p l a c a m t .  The aqu lpoen t  i n c l u d e s  a  s p e c i a l l y  constructed mnster  c o n t r o .  
c a b l e ,  c o n t r o l  conso l ee  f o r  cech  o f  t h c  f i v e  c laserooms.  10 cameran. and 145 c l ~ a r m  u m l t o r a  f o r  u s e  by a t u d e n t a  i n  t h e  c lassroom.  I t  I s  -: 
c m c r a s  and mon i to r s  w i l l  be r e p l a c e d  a f t e r  10 y e a r s .  H a i n t e n m c e  f o r  y e a r s  1969 through 1974 i a  s l i ~ h t l y  h i ~ h e r  than  r e p o r t e d  mol tn tq  and a = -  
I- '[" I I ( 1 8  :.I I I I O ~ I I  I V I  1111 .  111 c ul  Ll~v ~ I < I J L . c L .  L I I ~ ~ L ~ U C L U L Y  UCE ( I Y Y U ~  LO r e ~ e l v e  a  s d - l r y  01 S10.000 p e r  c o u r s e  t u  cove r  l ia ldry  'and belie: A 
a  re.l,,on-lhle nsqurnption f o r  t h e  S t a n f o r d  c o u r s e s  a s  p r o f e s s o r s  a t  S t a n f o r d  n o m l l y  t e a r h  f i v e  rotlrnen per y r n r  and have  o t l ~ r r  rrhptrnz i h l  l I I i. 
a r .  .ta.trn~, < I  L O  L U ~ I L  l t ~ a a r  ;1 s r l . t r y  or $1. 7d p r r  hour as i n  1974. The s t u d i o  c o ~ t  t o  ACE I n  nn I n t ~ * r n n l  nccna~nt  lnr, nrcl~ntllsrn 1 ~ r . l ~  A1 1 111.1 

. A s  i 1 1  I .  I < . . I I  l I ~ . ~ ~ ( I . , l  : I : #  j w ~  I I O U L  I Q I I  U ~ C .  UI L I I C  IYSLIIU ( ~ O I I I . I L I Y I I  Lc.~wc.eu I Y C Y  r ~ t d  1914 I-b catrod L l ~ l s  L l g u r r  LO be l ~ l & l ~ e r  111 ~111s ~. .b lc  I U I  

and 1971 and l o v e r  f o r  1973 m d  1974) .  S i n c e  S t a n f o r d  pays  a l l  t e c h n i c i a n s  t h i s  r e p r e n e n t s  a  n e t  revenue o f  $11.70 pe r  hour  of ACE broadcas :  . 
i f  t h i s  were  i nc luded  I t  would r educe  t h e  S t an fo rd  c o s t .  If one  were c a l c u l a t i n g  c o s t s  t o  ACE t h e  s t u d i o  c o s t  would be inc luded  and t h e  t e c h r .  
eq~r ipmcnt  and f a c i l i t y  c o s t  cxc lu3ed .  

Srn.1' ,It'.( I.;1R" 1 .11  11*1I,,11l1 I , .  

BEST AVAILABLE COPY 



TABLE VIII.2 ( con t inued)  

' I  
K~,c.',;*~i!vn. . - I . I I I I O ~ I ~  : nmotrnts t o r  1968 and 1972 a r e  e s t i m a t e d  amounts b m e d  on 1972 equipment c o s t s  from Table  VTII. 3 and t h e  types  o f  equlpmrnr 

p11r1 l~nrit,d Ily t l ~ c  1 . 0  I I : I ~  I *  i l l  t l ~ o s c  y c a r s .  From 1975 two companies p c r  y c a r  a r e  u a a m e d  t o  be added t o  t h e  sys tem;  one w l t l ~  f o u r  clasqrooms and no talk- 
b:tck anrl o ~ i c  wl th  i.111r ,-I ts.;rooms nrtd t ime-ahared t a lkback .  T h i s  may be a a l i g h t l y  h igh  a a a u a p t i o n  a a  neu companiea a r e  o f t e n  c ~ t i l i z l n g  p r e e x l a t i n g  
f a c l l i t l c ~ n  .?t ncnl.lvv conll. 1111c.s and a r e  t e n d l n g  t o  o p t  f o r  n o  t a l k b a c k  i f  t hey  purcltame equipment.  However, t h e r e  i a  no c o s t  i nc luded  f o r  arrangement of  
v iewing a r e a s  i n  t l ~ c  corn11 111ies. I t  i e  aasumed that c o n f e r e n c e  r o m  a r e  w e d  f o r  t h i n  purpoae.  Due t o  t h e  v a r y i n g  use  of  t h e  r e c e p t i o n  equipment ,  t he  
r e l a t i v e  infrcql rcnt  u se  ul t n lkback  equipment ,  and the l m g  l i f e  of  an tennae ,  cab lee .  m a t s ,  e t c . ,  i t  i s  assumed t h a t  25 p e r  c e n t  of t h e  equipment 18 
rcpl.tcctl rvc,ry 10 yc. I T S .  H ; ~ l n t e n . ~ n c e  is assumed t c  'a $2 per hour  f s r  a l l  ~ e e e p t i o n  equipment.  

' ~ o t . ~ '  -- -- c l ~ b t .  - ' l u td l  c o s t  1s c a l c u l a t e d  f o r  t h e  S t a n f o r d  engineering c o u r s e s  o n l y  by aaelunlng a l l  e q u i ~ r r t  i s  neceaaa ry  f o r  S t a n f o r d  c o L r s e s  and 
i p o r l i g  t h e  poss ' . o i l i cy  o f  r e n t i n g  f a c i l i t i e s  t o  o t h e r  usere when c a p a c i t y  ie  a v a i l a b l e .  The total  f o r  S t a n f o r d  w i t h o u t  t e a c h e r s  is t h e  a m  o f  i t e m  
1 + 2 + 5 + 6 + 7 + 9 + 1 3  + 14 + 1 5  + 16. When the s y r t a  is c o n s i d e t l d  u a whole, it- 3, 4 . n d  11 are a l e 0  added. I f  me m n  c a l c u l a t i n g  tb 
c o s t a  f o r  ACE o n l y  one would uee  i t e m s  3, 4 and 12. 
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t h i s  t e c l ~ n ~ ) l c g y ,  USC probab ly  b e n e f i t e d  from t h e  e x p e r i e n c e  and was 

a b l e  t o  r educe  p l a n n i n g  c o s t s .  T h i s  f i g u r e  may a l s o  be compared w i t h  

t h e  e s t i m a t e  g iven by Martin-Vegue e t  a l .  (1972) f o r  a  s i m i l a r  

f o u r  channe l  ITV system w i t h  a u d i o  ta lk-back.  T h e i r  e s t i m a t e  of  

$535,000 f o r  equipment and p e r s o n n e l  i s  lower than  t h e  e x p e r i e n c e s  

of  S t a n f o r d  and USC s i n c e  Martin-Vegue e t  a l .  i gnored  i n s t r u c t i o n  

c o s t s .  The c o s t s  f o r  r e c e p t i o n  a r e  borne  by t h e  p a r t i c i p a t i n g  

cornpalies and a r e  no t  i n c l u d e d  in t h e  above inves tment  f i g u r e s .  

l'lic c l ~ s t s  t o  t h e  companies f o r  r e c e p t i o n  equipment i n  Tab le  V I I I . 2  

of $337,800 i n  1968 and $35,400 i n  1972 a r e  d e r i v e d  from t h e  e s t i m a t e d  

equipment and i n s t a l l a t i o n  expenses  f o r  t h e  d i f f e r e n t  t y p e s  of  

r e c e p t i o n  equipment p r e s e n t e d  and t h e  c o n f i g u r a t i o n s  f o r  companies 

p r e s e n t e d  i n  Tab le  V I I I . 3 .  The c o s t s  of  r e c e p t i o n  a r e  underes t ima ted  

s i n c e  t h e r e  i s  no e s t i m a t e  a v a i l a b l e  f o r  c o n s t r u c t i o n  e x p e n d i t u r e  

by t h e  companies t o  p r e p a r e  c lass rooms .  While t h e r e  a r e  37 members 

of  thf- S t a n f o r d  sys tem,  t h e r e  a r e  c lass rooms  a t  o n l y  30 l o c a t i o n s ,  

and t t ,e  number o f  c l a ss rooms  and t h e  type  of equipment u t i l i z e d  

v a r i e d  among t h e  l o c a t i o n s .  

A d m i n i s t r a t i o n  f o r  t h e  S t a n f o r d  ITV system c o n s i s t s  of  a  manager, 

two s c c r e t a r i e s .  and two e n g i n e e r s .  T h e i r  s a l a r i e s  and f r i n g e  b e n e f i t s  

arc nc.tu,ll cspttlIses f o r  1969 through 1974 m J  arc1 .~ss~imed t o  i n c r e a s e  

b y  5 per yea r  from 1975 through 1987. r h i s  e s t i m a t e  may be h i g h ,  

a s  t h e  p a t t e r n  seems t o  have been r e l a t i v e l y  c o n s t a n t  s a l a r i e s  w i t h  

an overcompensation f o r  i n f l a t i o n  i n  1974. The a d m i n i s t r a t i o n  f o r  

t h e  ACE system c o n s i s t s  of a  manager, an a s s i s t a n t ,  and a  s e c r e t a r y .  

When t e a c h e r  s a l a r i e s  a r e  excluded from t h e  a n a l y s i s ,  t h e  a d m i n i s t r a -  

t i v e  s a l a r i e s  and o f f i c e  expenses  ( r e n t ,  s u p p l i e s ,  and a  c o u r i e r  

s e r v i c e  between companies and S t a n f o r d  t o  d i s t r i b u t e  c o u r s e  m a t e r i a l s  

and c o l l e c t  s t u d e n t  p a p e r s )  accoun t  f o r  n e a r l y  70% of  annua l  expenses .  

The t e c h n i c i a n s  who o p e r a t e  t h e  cameras d u r i n g  t h e  c l a s s e s  a r e  

h i r e d  cn  a n  h o u r l y  b a s i s .  T h e i r  pay w i t h  f r i n g e  b e n e f i t s  a v e r a g e s  

t o  $ 3 . t 0  p e r  h o u r .  S t a n f o r d  s t u d e n t s  a r e  g iven  a  s h o r t  amount of 

t r a i n i n g  and h i r e d  a s  camera o p e r a t o r s .  
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TABLE V I I I .  3 

COMPANY RECEPTION  COST^ 

1 olasaroom 2 classrooms 3 classrooms 4 classroms 
independently independently independently 

switeh8b1a tn switchable t o  switchable t o  switchable t o  
chsrnela 4 c ~ ~ e l s  4 channels 4 channels 

RECEPTION 

10' mast, 2' parabola antenna, down converter, 
VHF amplifier, power supply, cable 1.m 1,350 1,350 1,750 

TV receiver and mounts 795 1,590 2,385 3,180 

A. Independent f o r  each classroom 
(transmitters , antenna, cable ) 

B. Time-shared 
(transmitter, antenna, cable, receiver, mod) 4,9343 5,460 5,990 6,520 

TOTAL 

A. Reception only 

B . Re cep ti on and independent talkbac k 

C. Reception and time-shared talkback 

a 
Numbers i n  p a r e n t h e s e s  are t h e  number of  c o m p a n i e s  w i t h  t h a t  p a r t i c u l a r  e q u i p m e n t  set up. 



I f  one merely  examined t h e  expenses  f o r  t h e  St.antor-d e n ~ i n c c r i n ~  

cour-scs ,  the c.osts ol . I  s imilar  ITV systc.111 t c ~ t  1 1 1 > t i t r l t i o n s  wish iug  

t o  r e p l i c a t e  t h e  system would be u n d e r s t a t e d .  A l l  i n s t r u c t o r  s a l a r i e s  

a r e  excluded from t h e  budget of t h e s e  c o u r s e s  a s  t h e  network simply 

b r o a d c a s t s  r e g u l a r l y  scheduled S t a n f o r d  e n g i n e e r i n g  c o u r s e s .  There- 

f o r e ,  i n  c a l c u l a t i n g  t h e  c o s t s  of t h e  sys tem,  t h e r e  a r e  t h r e e  

p o s s i b l e  approaches  t o  i n s t r u c t o r  c o s t s :  

(1)  assume t h e  c o s t  is $0 s i n c e  t h e  ITV system is a marg ina l  

o p e r a t i o n ,  t h a t  is, t h e  e n g i n e e r i n g  c o u r s e s  would be 

scheduled f o r  on-campus s t u d e n t s  and having t h e s e  

c l a s s e s  meet i n  s t u d i o  c lass rooms  i n s t e a d  o f  r e g u l a r  

c lassrooms d o e s  no t  a f f e c t  t h e  c l a s s  but  a l l o w s  more 

i n d i v i d u a l s  t o  p a r t i c i p a t e ,  

( 2 )  p r o r a t e  t h e  i n s t r u c t o r  c o s t  based on tile number of  

of f-campus and on-campus s t u d e n t s ,  and 

( 3 )  a s s i g n  t h e  f u l l  c o s t  t o  t h e  t e l e v i s i o n  system.  

The f i r s t  and l a s t  of t h e s e  a l t e r n a t i v e s  a r e  c o n s i d e r e d  and t h e  

assumption i s  made t h a t  i n s t r u c t o r s  would be pa id  $2,000 p e r  c o u r s e .  

The s i t u a t i o n  w i t h  i n s t r u c t o r  s a l a r i e s  is more complicated f o r  

t h e  ACE c o u r s e s  s i n c e  some i n s t r u c t o r s  a r e  pa id  by t h e  ACE and 

o t h e r s  a r e  pa id  by u n i v e r s i t i e s .  However, f o r  s i m p l i c i t y  t h e  same 

assumptions  are made f o r  ACE c o u r s e s  as f o r  S t a n f o r d  courses :  

i n s t r x t o r  s a l a r i e s  a r e  excluded o r  e q u a l  t o  $2,000 p e r  c o u r s e .  

A s  ALE c o u r s e s  t end  t o  be of s h o r t e r  l e n g t h  t h a n  S t a n f o r d  c o u r s e s ,  

t h i s  amount i s  probab ly  high f o r  t h e  ACE c o u r s e s .  

The p roduc t ion  of  c o u r s e s  on t h e  S t a n f o r d  ITV system is probab ly  

one of t h e  s i m p l e s t  p o s s i b l e  f o r  a  t e l e v i s i o n  system: one i n s t r u c t o r  

and one t e c h n i c i a n .  Yet by u s i n g  t h e  overhead camera o r  t h e  

p r o j e c t o r s ,  it is  p o s s i b l e  t o  u t i l i z e  many o f  t h e  advan tages  o f  t h e  

t e l e v i s i o n  technology.  

The f i n a l  p roduc t ion  c o s t  i n  Tab le  VIII.2 is t h e  s t u d i o  c o s t  o f  

$18 p e r  hour charged t o  ACE f o r  u s e  of t h e  f a c i l i t i e s .  When t h e  

t o t a l  c o s t s  of t h e  system a r e  c a l c u l a t e d ,  t h i s  c o s t  is ignored a s  
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i t  i s  merelv  a t r a n s f e r  of  funds  from one p a r t  of thy sys tem t u  a n ~ 3 t h e r .  

I f  one wanted t o  c a l c u l a t e  t h e  c o s t s  t o  ACE, then t e ~ h n i c l ~ ~ n s '  s a l d r v  

would be ignored  a s  t h i s  i s  p a i d  f o r  from t h e  St , lnfort l  cn):inclering 

budget and t h e  s t u d i o  c o s t  would be i n c l u d e d .  S ~ n c c  tlle S t a n f o r d  

e n g i n e e r i n g  p o r t i o n  does  n o t  u t i l i z e  t h e  f u l l  system c a p a c i t y ,  one 

would expec t  t h a t  t h e  r a t i o n a l  d e c i s i o n  f o r  e f f i c i e n t  a l l o c a t i o n  

of r e s o u r c e s  ~ o u l d  be t o  charge  a p r i c e  e q u a l  t o  marg ina l  c o s t  ( t h e  

e x t r a  c o s t  t o  u t i l i z e  t h e  sys tem f o r  one more h o u r ) .  T h i s  a s p e c t  

of t h e  s y s t s m  w i l l  b e  ana lyzed  i n  t h e  n e x t  s e c t i o n .  

I n  summary, one can s e e  from t h e  c o s t  t a b l e a u  (Table  V I I I . 2 )  

t h a t  f o r  a  t o t a l  i n i t i a l  inves tment  of $1,187,300,  an  ITV system 

w a s  e s t a b l i s h e d  which a l lowed f o r  s imul taneous  b r o a d c a s t  o f  f o u r  

c o u r s e s  w i t h  aud io  t a l k b a c k  c a p a b i l i t i e s  t o  a n  a r e a  w i t h  a  r a d i u s  

of  approx imate ly  twenty m i l e s .  The sys tem i n c l u d e d :  f o u r  s t u d i o  

c lass rooms  and one a u d i t o r i u m ,  each  equipped w i t h  two cameras 

and s e v e r a l  m o n i t o r s ;  f o u r  on-campus over f low c lass rooms  w i t h  

m o n i t o r s ;  axd approx imate ly  70 c lass rooms  i n  25 d i f f e r e n t  l o c a t i o n s  

w i t h  mon't o r s  and t a l k b a c k  c a p a b i l i t i e s .  

Cost F u n c t i o n s  

Cost d a t a  from Tab le  V I I I . 2  a r e  used t o  c a l c u l a t e  a c o s t  f u n c t i o n  

f o r  t h e  p r o j e c t  where TC , t o t a l  c o s t ,  is a  f u n c t i o n  of N , number 

of s t u d e n t s  and h  , t h e  number of  b r o a d c a s t  h o u r s .  T h i s  c o s t  f u n c t i o n ,  

which is assumed t o  be l i n e a r ,  t a k e s  t h e  g e n e r a l  form: 

T h i s  e q u a t i a n  may t h e n  be used t o  c a l c u l a t e  average  c o s t s  p e r  s t u d e n t  

(ACN). I n  t h e  e q u a t i o n ,  F  i s  a  f i x e d  c o s t  o f  t h e  sys tem;  VN and 

Vh 
a r e  t h e  v h r i a b l e  c o s t s  p e r  s t u d e n t  and p e r  hour  r e s p e c t i v e l y .  

For puryoses  of c a l c u l a t i o n ,  t h e  c o s t  f u n c t i o n  d a t a  from 1974 

a r e  used .  1.1 Tab le  V I I I . 4  a l l  expenses  l a b e l l e d  ' r e c u r r e n t '  a r e  

a c t u a l  e x p e n d i t u r e s  i n  1974 and a l l  expenses  l a b e l l e d  ' c a p i t a l '  a r e  

a n n u a l i z e d  v a l u e s  o f  c a p i t a l  expenses  o c c u r r i n g  p r i o r  t o  and i n c l u d i n g  



TABLE V I I I . 4  

TOTAL COST FUNCTION, STANFORD ITV SYSTEM 1 9 7 4 ~  

( i n  tt.ousands o f  1972 U.S. d o l ~ a ~ s )  

Interest rate @ 7 9 5% 15% 

Fixed  Variable Fixed Variable Fixed V a r i a b l e  
Student Hour Student Hour S tldent Hour 

Administration( b) 
Re ourrent 159.8 

Production(c) 
Recurrent 
Teachers 
Other 

Capital 9,644 
Transmission(d) 
Recurrent 
Capital 

Reception(e) 
R e o m n t  
Cap i tal 

Total Cost 169.44 . ~ 6  ,0839 196.922 .0092 .0866 232.13 .0135 .0895 

a 
The c o s t  f u n c t i o n  i s  c a l c u l a t e d  from c o s t  d a t a  through 1974 f o r  t h e  S t a n f o r d  ITV system.  The 

u t i l i z a t i o n  i n  1974 w a s  4,942 s t u d e n t s  and 6,290 hours .  Recur ren t  expenses  a r e  expenses  d u r i n g  1974. 
C a p i t a l  expenses  a r e  a n n u a l i z e d  v a l u e s  of  inves tment  p r i o r  t o  1974. 

b A d m i n i s t r a t i o n .  A l l  a d m i n i s t r a t i o n  expenses  ( s a l a r i e s  and o f f i c e  and r e l a t e d  expenses )  a r e  
assumed t o  be f i x e d .  

C 
P r o d u c t i o n .  Although t e a c h e r s  a r e  h i r e d  t o  t e a c h  c o u r s e s  o f  30 o r  24 hour  l e n g t h s  i t  i s  assumed 

f o r  s i m p l i c i t y  i h a t  t h e s e  t e a c h e r s  nay b e  h i r e d  by t h e  hour .  The t e c h n i c i a n s  a r e  h i r e d  by t h e  hour  and 
a r e  r e p r e s e n t e d  by t h e  r e c u r r e n t  expense  o f  $3.80 p e r  hour .  Maintenance is  a l s o  inc luded  i n  t h e  r e c u r r e n t  
expenses .  The f i x e d  c a p i t a l  expense  is  t h e  p r o d u c t i o n  f a c i l i t y  which i s  assumed t o  have a 50-year l i f e .  



TABLE V I I  I. 4 (con t inued)  

Of t h e  v a r i a b l e  c a p i t a l  expenses ,  $181,600 is assumed t o  have a 20-year l i f e  and $51,700 is assumed to 
have a 10-year l i f e .  The 20-year equipment i n c l u d e s  t h e  mas t e r  c o n t r o l  u n i t ,  t h e  f i v e  c lassroom c o n t r o l  
u n i t s ,  and connec t ing  c a b l e .  The 10-year l i f e  equipment is  t h e  moni to rs  and cameras.  

d 
Transmiss ion.  Recur ren t  expense i s  t r a n s m i t t e r  maintenance.  C a p i t a l  expense i s  t h e  annua l ized  

v a l u e  o f  t h e  t r a n s m i t t e r  equipment which is ass:lned t o  have a 20-year 1Lfe.  

e 
Recept ion.  Recur ren t  expense is t h e  maiatenance expense.  C a p i t a l  expense i s  c a l c u l a t e d  by 

a s s u ~ i n g  t h a t  h a l f  o f  t h e  equipment ha s  a 20-year l i f e  and h a l f  has  a 10-year l i f e .  



1974. Capl t a l  expenses  a r e  a n n u a l i z e d  a t  t h r e e  d l f  tc.rtbnt L~ltc%rtast rnttbs : 

OX, 7.5% and 1 5 % .  Assumptions r e g a r d i n g  t h e  l i f e t i m e  of equipment 

a r e  e x p l a i n e d  i n  Tab le  V I I I . 4 .  To de te rmine  v a r i a b l e  c o s t s  p e r  s t u d e n t ,  

t h e  t o t a l  en ro l lment  ( i n c l u d i n g  a u d i t o r s )  of  4,942 s t u d e n t s  i n  1974 

i s  used.  The t o t a l  number o f  b r o a d c a s t  h o u r s ,  6 ,290,  is used t o  

c a l c u l a t e  v a r i a b l e  c o s t s  p e r  hour.  

P r o d u c t i o n  and t r a n s m i s s i o n  equipment a r e  assumed t o  v a r y  w i t h  

t h e  number of  hours  of p roduc t ion .  The r e c e p t i o n  equipment i s  assumed 

t o  v a r y  w i t h  t h e  number of  s t u d e n t s .  T h i s  i s  o b v i o u s l y  a  s i m p l i f y i n g  

a s s ~ m p t i o n  a s  t h e  p u r c h a s e s  a r e  lumpy, t h a t  i s ,  t h e  c o s t  o f  equipment 

i s  a  s t e p  f u n c t i o n  w i t h  r e s p e c t  t o  number o f  h o u r s  o r  number o f  

s t u d e n t s .  An a d d i t i o n a l  s i m p l i f y i n g  assumption is  t h a t  t e a c h e r s  

may be h i r e d  by t h e  h o u r ,  a l t h o u g h  i n  f a c t  they  a r e  h i r e d  by t h e  c o u r s e .  

The .werage v a r i a b l e  t e a c h e r  c o s t  i s  $73 p e r  hour and i t  a c c o u n t s  f o r  

approximate ly  80% o f  a l l  v a r i a b l e  c o s t s  a t  a 0% i n t e r e s t  r a t e  and 70% 

a t  a  15% i n t e r e s t  r a t e .  

A summary of t h e  t o t a l  c o s t  f u n c t i o n s  (TC), t h e  average  c o s t  p e r  

s t u d e n t  (AC ) ,  a v e r a g e  c o s t  p e r  s t u d e n t  h o u r ,  and t h e  r a t i o  o f  ave rage  
N 

c o s t  t o  v a r i a b l e  c o s t  f o r  s t u d e n t s  (AC / V  ) is g iven  below. 
N N 

Cost p e r  
T o t a l  Cost Equat ion ". ACN/VN S t u d e n t  Hour 

S e v e r a l  i n t e r e s t i n g  f a c t s  emerge from t h i s  a n a l y s i s .  A s  e x p e c t e d ,  

t h e  a v e r a g e  c o s t s  i n c r e a s e  a s  t h e  i n t e r e s t  r a t e  i n c r e a s e s .  The 

average  c o s t  p e r  s t u d e n t  a t  7.5% i s  $159.20. While t h i s  may appear  

t o  be h i g h ,  i t  should  be borne  i n  mind t h a t  t h i s  ITV system is n o t  

an a d d i t i o n  t o  an  e d u c a t i o n a l  sys tem b u t  h a s  t h e  main burden of 

i n s t r u c t i o n .  The f i g u r e  of  $159.20 i n c l u d e s  c o s t s  f o r  i n s t r u c t o r s  

and a n n u a l i z e d  c a p i t a l ,  and is  f o r  a  sys tem w i t h  o n l y  21 s t u d e n t s  

pe r  c l a s s  on average .  Using t h e  same methodology,  t h e  a v e r a g e  c o s t s  

pe r  s t u d e n t ,  i n c l u d i n g  a u d i t o r  e n r o l l m e n t ,  f o r  t h e  S t a n f o r d  eng ineer -  

i n g  c o u r s e s  on ly  a t  7.5Z i n t e r e s t  would be  $268.60 when t e a c h e r  c o s t s  

are inc luded  and $128.54 when t e a c h e r  c o s t s  a r e  exc luded .  



I f  a d d i t o r s  a r e  n o t  i n c l u d e d ,  t h e s e  average  c o s t s  become $598.07 

and $286.22 r e s p e c t i v e l y .  One can s e e  t h a t  t h e  i n c l u s i o n  of t e a c h e r  

c o s t s  and t h e  d e c i s i o n  on whether  o r  n o t  t o  i l l c lude  a u d i t o r s  i n  t h e  

a n a l y s i s  have profound e f f e c t s  on c o s t s .  However, a s  e x p e n s i v e  a s  

t h e  sys tem might a p p e a r ,  i t  shou ld  b e  n o t e d  t h a t  i f  one can assume 

t h a t  t u i t l o n  c o v e r s  approx imate ly  h a l f  of a l l  expenses  f o r  t h e  

e n t i r e  u n i v e r s i t y  and t u i t i o n  f o r  a  t h r e e  u n i t  e n g i n e e r i n g  c o u r s e  

is approx imate ly  $270, then  on ly  f o r  t h e  h i g h e s t  f i g u r e  of $598.07 

(an a v e r a g e  c l a s s  s i z e  of on ly  7  s t u d e n t s ) ,  does  t h e  t e l e v i s i o n  

become mor? expens ive  than  t h e  t r a d i t i o n a l  sys tem.  

One can a l s o  use  t h e  c o s t  f u n c t i o n s  t o  de te rmine  t h e  a p p r o p r i a t e  

charge  t o  ACE f o r  use  of t h e  f a c i l i t i e s .  Excluding t h e  i n s t r u c t o r  

c o s t  of $73 p e r  hour  and t h e  r e c e p t i o n  maintenance c o s t  of $2 p e r  hour  

from t h e  v a r i a b l e  h o u r l y  c o s t ,  t h e  m a r g i n a l  h o u r l y  c o s t  of t h e  sys tem 

i s  on ly  $11.60 a t  7.5% and $15.10 a t  15%.  T h i s  h o u r l y  c o s t  i n c l u d e s  

a  c h a r g e  f o r  t h e  c a p i t a l  equipment and a c t u a l  marg ina l  c o s t s  would b e  

even l o w e r ,  I t  would appear  t h a t  t h e  charge  of $18 p e r  hour  f o r  u s e  

of t h e  sys iem is  too  h i g h .  However, one should  n o t e  t h a t  t h e  c a l c u l a t e d  

c o s t s  do n o t  i n c l u d e  any charge  f o r  e n g i n e e r s '  t ime a s  t h i s  i s  con- 

s i d e r e d  a  f i x e d  expense of t h e  sys tem.  I f  i t  were n e c e s s a r y  t o  pay f o r  

a d d i t i o n a l  h o u r s  of e n g i n e e r s '  t ime a s  i s  c u r r e n t l y  done f o r  t e c h n i -  

c i a n s '  time, t h e  charge  of $18 p e r  h o u r  may n o t  appear  t o  b e  h i g h .  

A f i n a l  i n t e r e s t i n g  p i e c e  of i n f o r m a t i o n  i s  t h e  r a t i o  of  aver-  

age  c o s t s  t o  v a r i a b l e  c o s t s .  I n  a  v e r y  broad s e n s e  t h i s  f i g u r e  g i v e s  

one an i d e a  of t h e  e x c e s s  c a p a c i t y  of  t h e  sys tem.  When t h e  r a t i o  

i s  v e r y  h i g h ,  a  g r e a t  d e a l  o f  c a p a c i t y  e x i s t s .  A t  7.5% t h e  average  

c o s t  f o r  4,942 s t u d e n t s  i s  $159.20 p e r  s t u d e n t  b u t  t h e  approximate  

c o s t  of add ing  a n o t h e r  s t u d e n t  is  o n l y  $9.20.  A s  more s t u d e n t s  a r e  

added,  t h e  a v e r a g e  c o s t  p e r  s t u d e n t  w i l l  d i m i n i s h .  One shou ld  

r e a l i z e  t h a t  $9.20 i s  a  long-run m a r g i n a l  c o s t  p e r  s t u d e n t .  I n  t h e  

s h o r t  run ,  t h e  c o s t  of add ing  an a d d i t i o n a l  s t u d e n t  is n e a r l y  z e r o .  



?he of cost f u ~ l c t i o n s  is a reasonilble approach t o  the de t c r -  

mination of average c o s t s .  An a l t e r n a t i v e  approach i s  to  c a l c u l a t e  

a  sumnary average cos t  from year  i of t he  p r o j e c t  t o  year  j ,  AC . 
i j  

This  type  of  c a l c u l a t i o n  makes f u l l  use of t h e  y e a r l y  u t i l i z a t i o n  

d a t a  i n  Table  V I I I  .1 and the  y e a r l y  cos t  d a t a  i n  Table V I I I .  2 .  The 

average c o s t ,  AC , is  ca l cu l a t ed  by d iscount ing  c o s t s  and u t i l i z a -  
i j  

t i o n s ,  such t h a t  

where r i s  an i n t e r e s t  r a t e  and Ck and N k  a r e  c o s t s  and u t i l i z a -  

t i o n s  ( s tuden t s  o r  s t uden t  hours) i n  year  k  r e spec t ive ly .  

When k  = i we c a l c u l a t e  t h e  average c o s t s  of  t he  p r o j e c t  from 

i ts  incep t ion  t o  d i f f e r e n t  p o i n t s  i n  time (poss ib l e  p r o j e c t  termina- 

t i o n  d a t e s  with an assumption of no recovery c o s t s  f o r  equipment).  

Table VII I .5  p r e s e n t s  t h e  AC information f o r  S tanford  engineer ing  
i j  

courses  on ly  wi th  t eache r  c o s t s  excluded, a u d i t o r  enrol lment  inc luded ,  

and us ing  an i n t e r e s t  r a t e  of 7.5%. The f i r s t  row of t h e  AC 
i j  

p rovides  t he  information of t h e  average cos t  pe r  s tuden t  f o r  d i f -  

f e r e n t  p r o j e c t  l eng ths .  Due t o  t he  l a r g e  i n i t i a l  investment i n  

c a p i t a l  equipment, average c o s t s  d e c l i n e  a s  t h e  p r o j e c t  l eng th  i n c r e a s e s  

and more s tuden t s  use t h e  same equipment. I f  t h e  p r o j e c t  had been 

t e r m h a t e d  a f t e r  t he  c u r r e n t  year  (1974), t h e  average cos t  of t he  

system f o r  t h a t  time per iod ,  AC 
197 

, would be $252 per  s tuden t .  I f  

the  p r o j e c t  runs  a  f u l l  20 yea r s ,  t h e  average c o s t ,  
Ac1,20 , d e c l i n e s  

t o  $155 pe r  s tuden t .  



TABLE V I I I . 5  

AVERAGE COSTS PER STUDENT FROM YEAR i TO YEAR j 

INTEREST RATE - 7.5% 

(Stanford Courses Only, Teacher Costs  Excluded, Auditor Enrollment Included) 

- -- - --- -- - - - 

-'- year 1 1968 1969 1970 1971 1973 1975 1977 1979 1981 1P83 1985 1986 1987 



Another i n t e r e s t i n g  row is the one using t h e  next  year  of t he  

p ro j ec t  (1975) t o  help the planner  determine f u t t ~ r e  p o s s i b i l i t i e s  

o f  the prc>.)c?ct. A s  soon a s  t he  i n i t i a l  year  of t h c ~  pro j ec t  i s  

excluded,  the i n i  t i a l  investment c o s t s  a r e  t r e a t e d  a s  sunk c o s t s  

and not included i n  the  a n a l y s i s .  From Table V I I I  .5 t he  average 

cos t  from the  presen t  t o  t he  end of t he  planning hor izon ,  
A C O V Z O  , 

is  $98. Th i s  cos t  is h ighe r  than A C I B Z O  where i = 2,000, 70. The 

primary reason f o r  t h e  i nc rease  is t h e  assumption of an a d d i t i o n a l  

$15,600 i n  recept ion  equipment each yea r  when only 25 s t u d e n t s  a r e  added 

each yea r .  In c a l c u l a t i n g  AC 's f o r  an assumption of no growth, 
i j  

t h a t  is ,  no add i t i ons  t o  equipment and no a d d i t i o n s  t o  u t i l i z a t i o n ,  

t h e  s i t u a t i o n  changes d rama t i ca l l y .  For a  no growth assumption, 

AC1, 20 d e c l i n e s  t o  only $151 but  A C a P Z O  d e c l i n e s  t o  $63. The 

i n i t i a l  c a p i t a l  expense is  s t i l l  an important component of c o s t s  

where included bu t  the l ack  of a d d i t i o n  t o  c a p i t a l  equipment (which 

may have been too high r e l a t i v e  t o  t h e  number of s t u d e n t s  added) 

s u b s t a n t i a l l y  reduced average c o s t s .  

Other i n t e r e s t i n g  ques t i ons  can be answered wi th  t h i s  average 

c o s t  a n a l y s i s .  I f  one c a l c u l a t e s  t h e  c o s t s  t o  Stanford excluding 

the  r ecep t ion  c o s t s ,  AC1,20 becomes $122 assuming no growth and 

AC8, 20 
becomes $53. I f  one excludes a u d i t o r s  from the  a n a l y s i s ,  

AC1, 20 
from Table VII I .6  f o r  the  Stanford engineer ing  courses  

becomes $287, a  s u b s t a n t i a l  i n c r e a s e  above t h e  $155 average c o s t ,  

when a u d i t o r s  a r e  excluded. The impact of  adding teacher  c o s t  i s  

a l s o  s u b s t a n t i a l .  The average c o s t  AC1,20 is $571 when a u d i t o r s  

a r e  excluded and $309 when a u d i t o r s  a r e  included.  

Two a d d i t i o n a l  t a b l e s  a r e  inc luded ,  Table VI I I . 7  and VI I I . 8 ,  

which a r e  average c o s t s  f o r  t he  e n t i r e  ITV system with t eache r  c o s t s  

excluded i n  Table VII I .7  and included i n  Table VII I .8 .  Auditor 

enrol lment  is included i n  both t a b l e s .  When t h e  ACE courses  a r e  

added t o  t he  S tanford  courses ,  t h e r e  i-s a sharp  drop i n  average 

c o s t s .  Adding t h e  ACE courses  r e s u l t s  i n  a  d i v i s i o n  of  c a p i t a l  

equipment over  more s t u d e n t s .  The ACE courses  have an average 



TABLE V I I I . 6  

AVERAGE COSTS PER STUDENT FROM YEAR i TO YEAR j 

INTEREST RATE = 7.5% 

( S t a n f o r d  C o u r s e s  O n l y ,  T e a c h e r  Costs E x c l u d e d ,  A u d i t o r  E n r o l l m e n t  E x c l u d e d )  



TABLE V I I I .  7 

AVERAGE COSTS PER STUDENT FROM YEAR i TO YEAR j 

INTEREST RATE = 7 . 5 %  

('Stanford and ACE Courscs, Teacher  Costs  Excluded, Auditor ~ n r o l l m e n t  ~ n c l ~ d e d )  

year i 
year \ j 1968 1969 1970 1971 1973 1975 1977 1979 1981 1983 1985 1986 1987 

46 .75  46.79 N I 

I-' 
I-' 

46 .65  46.68 I 



TABLE VIII .8  

AVERAGE COSTS PER STUDENT FROM YEAR i TO YEAR j 

INTEREST RATE = 7.52  

(Stanford and ACE Courses, Teacher Costs Included, Auditor Enrollment Included) 



enrollment of 35 s tuden t s  whereas the  Stanford engineering courses  

have average enrol lments  of 15  s t u d e n t s  with a u d i t o r s  and 8 without 

a u d i t o r s .  
ACl , ZO becomes $72 wi th  teacher  c o s t s  excluded and 

aud2tors  included,  a s  compared wi th  $155 f o r  the Stanford engineering 

courses  only. When t eache r s  are inc luded ,  t h e  c o s t s  f o r  t he  l eng th  

of t h e  p r o j e c t ,  AClSZO , rise t o  only  $164 f o r  t he  e n t i r e  system 

a s  ccmpared with $309 f o r  t he  Stanford courses .  F ina l ly ,  when 

a u d i t o r s  a r e  excluded from the  a n a l y s i s ,  
AC1 ,20 

f o r  t h e  e n t i r e  

system i s  $88 when teacher  c o s t s  a r e  excluded and $201 when teacher  

c o s t s  a r e  included. 

In analyzing c o s t s ,  g r ea t  c a r e  must be given to  the assumptions 

of the a n a l y s i s  and t h e  types of dec i s ions  which a r e  made. The major 

assumption f o r  t h e  cos t  a n a l y s i s  was the  growth assumptions f o r  a l l  

years  a f t e r  1974: an a d d i t i o n a l  25 s tuden t s  f o r  Stanford courses ,  

an a d d i t i o n a l  5 ACE courses  and 175 s t u d e n t s ,  an a d d i t i o n a l  4  

classroom l o c a t i o n s  with recept ion  only c a p a b i l i t i e s ,  and an 

a d d i t i o n a l  4  classroom l o c a t i o n s  with time-shared ta lkback.  The 

growth assumptions r e s u l t  i n  h igher  average c o s t s  compared with an 

assumption of no growth f o r  S tanford  courses ,  and lower c o s t s  f o r  a  

no growth assumption f o r  t h e  e n t i r e  system. 

The o t h e r  important dec i s ions  from the  s tandpoin t  of dec is ion-  

makers a t  Stanford a r e :  accounting f o r  teacher  c o s t s ,  i nc lus ion  o r  

exc lus ion  of a u d i t o r  enrol lment ,  and inc lus ion  o r  exclusion of ACE 

courses .  A l l  of these  cons ide ra t ions  have important impacts on the 

average c o s t s  of the system. 

3. EXPANSION ALTERNATIVES 

A major expansion a l t e r n a t i v e  which has been d iscussed  i s  the  

add i t i on  of courses  and new s t u d e n t s  w i th in  t h e  Stanford a rea .  However, 

even with the  assumption of increased  product ion,  35% of t he  capac i ty  



from 7 a.m. t o  7 p.m., Monday to  Thursday, and 7 a.m. to  5 p.m. on 

Fridays s t i l l  remains. This  t i m e  could be u t i l i z e d  a t  a cos t  of 

approximately $84 per  hour count ing maintenance, t echnic ian  s a l a r i e s ,  

and teacher  s a l a r i e s .  Many more s t u d e n t s  could be added by u t i l i z -  

ing  e x i s t i n g  f a c i l i t i e s .  Considering t h e  investment i n  a d d i t i o n a l  

recept ion  equipment, more s t u d e n t s  could be added a t  a c o s t  of 

approximately $9 per  s tuden t .  

An a d d i t i o n a l  and important expansion p o s s i b i l i t y  is t h e  use of 

videotapes.  The Stanford ITV system has a l r eady  begun t h e  d i s t r i b u -  

t i o n  of v ideotapes  t o  a r e a s  which a r e  unable t o  r ece ive  d i r e c t  

t ransmiss ions .  The only  l o s s  i n  u t i l i z i n g  videotapes i n s t e a d  of  

d i r e c t  broadcast  is t h e  l ack  of t a lkback  f a c i l i t i e s .  The c o s t s  of 

expanding t h e  system may be conse rva t ive ly  es t imated  t o  be $50 per  

hour f o r  record ing  and mai l ing  a one-hour 1/2-inch tape .  S tanford  

a l r eady  owns f i v e  video t ap ing  machines. A t  r e cep t ion  l o c a t i o n s  the  

investment would be much lower and r e q u i r e  t he  purchase of video- 

tape  playback machines only.  A videotape playback machine with a 

monitor would cos t  approximately $800; adding a camera would r a i s e  

t he  cos t  t o  $1,500. 

4. SYSTEM FINANCING 

A l l  Stanford engineer ing  and ACE courses  a r e  open t o  member 

companies only.  S tanford  has  e s t a b l i s h e d  a schedule  of membership 

f e e s  based on the  s i z e  of t h e  company. The purpose of t h e  f e e s  

is  t o  he lp  Stanford recover  t h e  c o s t s  o f  t h e  c a p i t a l  investment.  

There is a v a r i e t y  of payment p l a n s  but  t h e  one-time lump sum f e e s  

a r e  t h e  f  ollow*ng : 



Annual Gross Revenue - Lump Sum 

$5 m i l l i o n  $2,200 

$5 - $20 m i l l i o n  $8,800 

$20 - $50 m i l l i o n  $17,600 

$50 - $100 m i l l i o n  $26,400 

$100 m i l l i o n  $39,600 

The o p e r a t i n g  c o s t s  of t h e  system a r e  f inanced  through t h e  $20 

t e l e v i s i o n  su r cha rge  f o r  HCP and NRO s t u d e n t s  f o r  t h e  S tanford  

eng ineer ing  courses  and through t h e  f e e  schedule  f o r  a u d i t o r s .  The 

ACE courses  a r e  f inanced  through a  v a r i e t y  of means depending on 

t h e  cou r se :  f e e s  of $50 per  s t u d e n t  pe r  cou r se ,  lump sum payments 

of $ i 2 , 0 0 0  by companies, and d i r e c t  payments from o t h e r  u n i v e r s i t i e s .  

From t h e  viewpoint  of t h e  S t an fo rd  a d m i n i s t r a t i o n ,  t o  de te rmine  

t h e  v i a b i l i t y  o f  t h e  system i n  terms of r e c u r r e n t  expenses ,  t h e  

revenues  would i nc lude  t h e  $20 su r cha rge ,  a u d i t o r  f e e s ,  and t h e  

s t u d i o  charge  t o  ACE. For 1974 t h i s  revenue was approximately  

$82,000, assuming an  average  of $30 per  a u d i t o r .  However, t o  t h i s  

t o t a l  one should a l s o  add t h e  matching f e e s  f o r  t h e  NRO s t u d e n t s  who 

a r e  no t  m a t r i c u l a t e d  and a r e  not  r e c e i v i n g  c r e d i t .  The annua l  

o p e r a t i n g  budget i s  approximately  $140,000. 



CHAPTER I X  

THE HAGERSTOWN INSTRUCTIONAL TELEVISION SYSTEM 

The i n s t r u c t i o n a l  t e l e v i s i o n  system i n  Washington County, 

Maryland, has  perhaps t he  longes t  continuous h i s t o r y  of any ITV 

p r o j e c t  i n  t h e  world. The p r o j e c t  began t ransmiss ion  i n  September 

1956, wi th  s e r v i c e  t o  schools  i n  t he  immediate a r e a  of Hagerstown, 

Maryland, and was gradua l ly  extended t o  a l l  schools  i n  Washington 

County. The network reached 6,000 s tuden t s  i n  1956-57, 12,000 

s t u d e n t s  i n  1957-58, 16,550 s t u d e n t s  i n  1958-59, and 18,000 s t u d e n t s  

(nea r ly  100% coverage of a l l  12 grades)  by 1959-60. I n i t i a l  equip- 

ment f o r  product ion and r ecep t ion ,  valued a t  approximately $300,000, 

was donated by t h e  E l e c t r o n i c s  I n d u s t r i e s  Assoc ia t ion .  The Fund f o r  

t h e  Advancement of Education and t h e  Ford Foundation con t r ibu t ed  a 

combined t o t a l  of $200,000 pe r  year  f o r  t h e  f i r s t  f i v e  years  of t h e  

p r o j e c t .  The county has  funded t h e  p r o j e c t  s i n c e  t he  s i x t h  year  

(1961-62). The Chesapeake and Potomac Telephone company i n s t a l l e d  

and maintains  t he  s i x  channel coax ia l  c ab l e  which connects  a l l  

county schools  wi th  t he  s t u d i o  f a c i l i t y  i n  Hagerstown. The te lephone 

company charges a r e n t a l  f e e  f o r  t h e  use of t h e  cab le .  The f e e  i s  

based upon t h e  amount of cab le  and not  t h e  u t i l i z a t i o n  t i m e .  

The system has  been descr ibed  i n  d e t a i l  i n  county r e p o r t s  

(Washington County Board of Education, 1963; 1973; and Washington 

County I n s t r u c t i o n a l  Te lev is ion  Evaluat ion Committee, 1973).  These 

documents inc lude  c o s t s  of t he  system, eva lua t ions  of t he  system 

comparing t h e  academic performance of s t u d e n t s  us ing  t e l e v i s i o n  w i t h  

those  not us ing  t e l e v i s i o n  i n  Washington County and the  performance 

of t he se  s tuden t s  w i th  average s co re s  on s tandard ized  n a t i o n a l  achieve- 

ment t e s t s  i n  a v a r i e t y  of s u b j e c t s ,  and an a t t i t u d e  survey of s tuden t s  

and teachers .  

1. THE SYSTEM 

Organizat ion and Technical  C h a r a c t e r i s t i c s  

X s tandard  s t u d i o  crew employs a t eache r ,  two t echn ic i ans ,  a 

d i r e c t o r ,  a f l o o r  manager, and two camera ope ra to r s .  Many of t he  



I t ~ ~ . t l l ~ i c . . ~ l  p o s i t  ions  arc> t i l l c d  by s t u d e n t s  from rlrc l ~ b c : ~ l  j u n i t ~ l .  

co l l cge  aqd i t  i s  est imated t h a t  t r a i n i n g  of a  novice can be 

completed i n  two weeks. The system has i t s  own engineer ing  and 

maintenance s t a f f ,  which se rves  the  needs of the  c e n t r a l  f a c i l i t y  

and t he  schools .  

In  1972-73 t h e r e  were 31 TV t e a c h e r s ,  23 persons employed on a  

f u l l  t ime b a s i s  i n  engineer ing and product ion,  32 j un io r  co l l ege  and 

o t h e r  product ion personnel  employed on a  p a r t  t i m e  b a s i s  (equiva len t  

t o  5 . 1  f u l l  t ime personnel)  and 9.3 f u l l  t ime equiva len t  personnel  

from suppor t  s e r v i c e s  such a s ,  cinematography, g r aph ic s ,  audio- 

v i s u a l ,  and i n s t r u c t i o n a l  m a t e r i a l s .  

The t eache r s  f o r  t e l e v i s i o n  were o r i g i n a l l y  drawn from the  c l a s s -  

room t eache r  supply i n  Washington County. The TV t e ache r s  have an 

organizational s t r u c t u r e  s i m i l a r  t o  t r a d i t i o n a l  s choo l s ,  except t h a t  t h e  

teachers  r epo r t  d i r e c t l y  t o  the s u b j e c t  a r e a  a d m i n i s t r a t o r s  f o r  t h e  

e n t i r e  school  d i s t r i c t .  The s t u d i o  t eache r s  have not  been r o t a t e d  

back t o  t h e  classroom and s e v e r a l  s f  t h e  t eache r s  have been teaching  

on t e l e v i s i o n  s i n c e  t he  beginning of t he  p r o j e c t .  The most s t r i k i n g  

d i f f e r e n c e  between classroom t eache r s  and s t u d i o  t eache r s  i s  the  

i n s t r u c t i o n a l  load and hence the  a v a i l a b i l i t y  of p r epa ra t i on  time. 

A s t u d i o  teacher  teaches  t h r e e  20-minute c l a s s e s  pe r  week while  a  

classroom teacher  t y p i c a l l y  teaches f i v e  45-minute c l a s s e s  each day. 

The i n s t r u c t i o n a l  t i m e  requirement f o r  s t u d f o  t eache r s  i s  a l s o  

s a t i s f i e d  by the  use  of v ideotapes  of t h e i r  courses  from prev ious  

yea r s  with t he  s t u d i o  t eache r  providing necessary  updat ing and 

r ev i s ions .  

There a r e  f i v e  t e l e v i s i o n  s t u d i o s  a t  t he  c e n t r a l  f a c i l i t y  i n  

Hagerstown. These s t u d i o s  are connected wi th  classroom t e l e v i s i o n  

monitors  i n  t h e  schools  by the  dedica ted  six-channel c o a x i a l  c ab l e  

i n s t a l l e d  by t h e  te lephone company. In  1972-73 t h e r e  were approxi- 

mately 800 r e c e i v e r s  i n  t h e  schools .  Most of the  r e c e i v e r s  a r e  f o r  

black and whi te  broadcas t s  only; however, the  system has begun t o  

move toward product ion i n  co lo r .  



One of the most i n t e r e s t i n g  f e a t u r e s  of the. system from t h e  

t echn ica l  s tandpoin t  i s  t h e  r e l a t i v e l y  long l i f e  of equipment i n  t h e  

system. Videotapes which were purchased i n  t he  e a r l i e r  y e a r s  of  t h e  

p r o j e c t  a r e  s t i l l  being used. Through c a r e f u l  maintenance, t h e  

t e l e v i s i o n  monitors ,  t h a t  a r e  o r d i n a r i l y  assumed t o  func t ion  f o r  

f i v e  y e a r s ,  have been i n  use f o r  many y e a r s .  Of t h e  342 r e c e i v e r s  

purchased i n  1955, over 140 were s t i l l  i n  use i n  1973. 

U t i l i z a t i o n  

With six channels  a v a i l a b l e  and assuming a 35-hour school  week 

f o r  36 weeks, t h e r e  is a t o t a l  of 7,560 hours  a v a i l a b l e  f o r  t e l e v i s i o n  

production. Of t he se  hours ,  only 1,440 hours  were used f o r  o r i g i n a l  

product ion i n  1972-73, while  1 ,900 hours  were used i n  e a r l i e r  yea r s .  

There is c l e a r l y  a g r e a t  d e a l  of capac i ty  f o r  a d d i t i o n a l  o r i g i n a l  

progr.amming or  use  of programs from o t h e r  d i s t r i b u t o r s  such a s ,  

Nat iona l  I n s t r u c t i o n a l  Te l ev i s ion ,  Learning Corporat ion of America, 

and t h e  Maryland S t a t e  Department of  Educa t ion ' s  Div is ion  of  I T V .  

Excess capac i ty  has  been used f o r  r epea t  b roadcas t s  of j un io r  and 

s e n i o r  high school  programs t o  reduce schedul ing c o n f l i c t s .  

The Washington County school  system is small .  I n  1972-73 t h e r e  

were only 22,000 s t u d e n t s  en ro l l ed  i n  a l l  12 grades.  Televised 

i n s t r u c t i o n  has been a v a i l a b l e  t o  a l l  s t u d e n t s  s i n c e  1959-60. The 

u t i l j z a t i o n  of these  courses  by s t u d e n t s  is repor ted  i n  Table I X . l .  

There a r e  no expansion p o s s i b i l i t i e s  f o r  i nc reas ing  t h e  numbers of 

s t u d e n t s  s e rv i ced  by t h e  system. S tudents  o u t s i d e  of Washington 

County can view open c i r c u i t  b roadcas t s  from the  Maryland S t a t e  

Department of Education. 

The only p o s s i b l e  expansion p o s s i b i l i t y  is more programming 

hours.  However, t h e  t rend  i n  r ecen t  yeqrs  has  been t o  reduce t h e  

number of broadcast  hours .  Add i t i ona l ly ,  t e l e v i s e d  courses  a r e  no 

longer  requi red  f o r  t w e l f t h  grade s tuden t s .  County o f f i c i a l s  have 

es t imated  t h a t  60% of these  s t u d e n t s  do view t h e  e l e c t i v e  courses .  
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TABIE I X .  1 (Coat inued)  

I 1 i I .  t .16- i l i c y  chrclJensc i s  estlmatc-tl  v a l u e  o f  buildings ase igned  t o  W and i n  d e r i v e d  from Washington County (1963) .  Teai.11or v a l - ~ r - l c . ~  were 
1.1.ri l . . l $ . ~ .  I , , I  I ' + I >  < I I I L I  1.11 L7b8 L l ~ r u u ~ I t  lY13. E ~ ~ p , l n r c r l n g .  p roduc t loo  and L e c l ~ n i c l a n  s a l a r i e s  and s u p p o r t  persol inel  ( g r a p h i c s .  aud lo -v i s~ l t r l ,  p l~oto-  
gr.lph 1 c . ,  vt.4 I . ~ r  ( i l l .  C L C .  ) s a l ; l r l c s  wcrc a v a i l a b l e  f o r  1959. 1963 and 1968-1973. Equipment and v i d e o t a p e  expenses  a r e  a l l  f  r a  c o u ~ ~ t y  rccnrds .  
Equlprn~, i t  I ~ i ~ . l ~ ~ t I t . s  clrmc>r;1s. t;lpe macl~lncs .  e t c .  Power expeneen were  a v a i l a b l e  f o r  196?, 1965 and 1967 through 1971. Othe r  expeneee inc lude  e a l a r j  
f  rlngc i ~ r n t - f l t e  f o r  a 1  l , ~ r o d u c t l o n  pernonnel .  t r a v e l .  c u e t o d i a l  e e r v i c e ,  and workshops. Maintenance expense waa *noun f o r  1963 and 1967 through 1971 
and war a l l o c a t e d  75 per c e n t  t~ produc t ion  and 25 p e r  c e n t  t o  r e c e p t i o n  baaed upoa a p p r o x i u t e  equipment v a l u e  r a t i o e .  

fTr.,nsr,i. ,.I,I!I. C . ~ l > l r  r c n t a l  expenses  were  known f o r  1959. 1963. 1965 nnd 1968 through 1973. County records  were a v a i l a b l e  f o r  informat ion f o r  
1 9 0  1 I  . i ' 2  . I O f  I I I ~  1067, 

' R I - I - ~ . ~ I  - - - - i , u l .  . -- A l l  cquiprnellr expenses  a r e  from county recorde and r e p r e e m t  t h e  purchase  o f  a p p r o x l m t e l y  1.050 b l a c k  and w h i t e  t e l e v i s i o n  ~ e t a  and 
50 c o l o ~ r r  S C L S .  I n  1955, 342 c t e  were  purchared. A p p r o x i m t e l y  200 set. are n o  laager i n  rue. P w e r  l a  e e t i a a t e d  by a r m m i n g  1.000 s e t s  i n  ope ra t ion .  
100 w a t t s  pc r  s e t .  750 houre p* r  set pe r  y e a r .  and 5.02 p e r  k i l w a t t - h o u r .  

h~~ - -. 11 - iz.11 - - ion. - - - U t  i l i z a t i o ~ ,  p a t t e r n 8  were d e r i v e d  from county e n r o l l m e a t s  and pub l i shed  p roduc t ion  echedulee .  e n r o l l m e n t s  were  a v a i l a b l e  f o r  a l l  
y e a r s  o ?  L I I C  p r c ~ j c c t  and were used t o  e s t i m a t e  numbere of  s t u d e n t s  r e c e i v i n g  t e l e v i s e d  i n s t r u c t i o n .  A county r e p o r t  i n d i c a t e d  t h a t  u t i l i z a t i o n  was 
l o v e r  tiian cnrol1mc:its Cor t h e  E i r e t  t h r e e  p r o j e c t  y e a r e  and theme f i g u r e s  are r e p o r t e d .  To de te rmine  u t i l i z a t i o n  i n  t e r u  of e t u d e n t  houre ,  enrol lment  
l r v e l a  f o r  a l l  12 g r a d e s  were uaed i n c o n j u n c t i o n w i t h  weekly b roadcas t  e c h e d u l e s  by g r a d e  l e v e l .  
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T e l e v i s i o n  course  schedu les  r e p o r t i n g  the  number of b r o a d c a s t  

I ~ o u r s  per week f o r  each grade l e v e l  were a v a i l a b l e  f o r  most y e a r s  

from 1958-59 on. The enro l lment  f i g u r e s  were combined w i t h  broad- 

c a s t  s c h e d u l e s  when a v a i l a b l e  t o  de te rmine  t h e  t o t a l  number o f  

s t u d e n t  hours  each  year .  The t o t a l  number of s t u d e n t  hours  r e p o r t e d  

i n  Table  I X . l  was c a l c u l a t e d  by summing t h e  p roduc t s  o f  e n r o l l m e n t s  

and i n s t r u c t i o n a l  t ime f o r  each g rade  l e v e l ,  i . e . ,  

( I X . l )  SH = E p q x I T p q  
q = l  

where SH i s  t h e  t o t a l  number of s tuden t -hours  i n  y e a r  p  , Epq is 
P 

t h e  enro l lment  i n  grade l e v e l  q  i n  year  p  , and ITpq is t h e  

i n s t r u c t i o n a l  t ime v i a  t e l e v i s i o n  f o r  g rade  l e v e l  q  i n  year  p  . 
When b r o a d c a s t  schedu les  were not  a v a i l a b l e ,  a  b r o a d c a s t  t ime f o r  

each g rade  l e v e l  w a s  assumed and e q u a t i o n  I X . l  was used t o  de te rmine  

s t u d e n t  hours .  The u t i l i z a t i o n  h a s  f l u c t u a t e d  from 2,954,000 s t u d e n t  

hours i n  1959 t o  a  h i g h  o f  3,255,000 i n  1968. There h a s  been a g e n e r a l  

d e c l i n e  s i n c e  1968. I n  1972 o n l y  2,588,000 s t u d e n t  h o u r s  of u t i l i z a -  

t i o n  occur red .  At t h i s  u t i l i z a t i o n  l e v e l  t h e  a v e r a g e  s t u d e n t  is re -  

c e i v i n g  117 hours  of i n s t r u c t i o n  each  y e a r .  Assuming a 35 hour  

i n s t r u c t i o n a l  week f o r  36 weeks, t h i s  f i g u r e  r e p r e s e n t s  9 .3% of t o t a l  

i n s t r u c t i o n a l  t ime f o r  each  s t u d e n t .  

E f f e c t i v e n e s s  

Achievement r e s u l t s  f o r  s t u d e n t s  i n  t h e  e a r l i e r  y e a r s  o f  t h e  

p r o j e c t  have been r e p o r t e d  i n  Washington County Board o f  Educat ion 

(1963) and r e p e a t e d  i n  Wade (1967). I n  t h e  f i r s t  y e a r  o f  u t i l i z a t i o n  

(1956-57), f i f t h  g rade  s t u d e n t s  gained an average  o f  1 .9  g rade  

e q u i v a l e n t s  on a n a t i o n a l  t e s t .  Achievement g a i n s  f o r  s t u d e n t s  i n  

mathematics f o r  urban and r u r a l  s t u d e n t s  i n  g rades  3 ,  4 ,  5 ,  and 6  

exceeded t h c  n a t i o n a l  norm of 1 . 0  g rade  e q u i v a l e n t s .  A d d i t i o n a l l y ,  



wi th in  Ildgersto\rn, s t u d e n t s  i n  a given grade I~ad  Iligllc r- dver;IKe t e s t  

s c o r e s  than t h e i r  predecessors  a t  t h a t  g r ~ d e  l e v e l  with l e s s  exposure 

t o  t e l e v i s i o n .  For example, s t u d e n t s  i n  r u r a l  schools  i n  grade 5 

scored:  5.34 i n  May 1958 wi th  no t e l e v i s i o n ;  5 .71 i n  May 1959 wi th  

one year  of t e l e v i s i o n ;  6.03 i n  May 1960 wi th  two yea r s  of t e l e v i s i o n ;  

and 6.11 i n  May 1961 wi th  t h r e e  yea r s  of t e l e v i s i o n .  

A t t i t u d e  surveys were a l s o  undertaken i n  the  e a r l i e r  yea r s  of 

t he  p r o j e c t .  There was a genera l  d e c l i n e  i n  t e a c h e r s '  op in ions  from 

primary school  t o  s en io r  high school  a s  repor ted  by Wade (1967). 

For example: 76.9% of primary t eache r s  and only  40.9% of s e n i o r  high 

school  t e ache r s  f e l t  t h a t  t e l e v i s i o n  provided he lp  i n  i n s t r u c t i o n ;  

98.4% of primary t eache r s  and 76.3% of  s e n i o r  high t eache r s  f e l t  t h a t  

t e l e v i s i o n  provided a r i c h e r  experience and s i m i l a r  numbers f e l t  t h a t  

t e l e v i s i o n  enr iched  and expanded t h e  curr iculum. 

Cr i t i c i sms  of t h e  system i n  r ecen t  yea r s  have l e d  t o  a county 

r e p o r t  (Washington County I n s t r u c t i o n a l  Te l ev i s ion  Evaluat ion Committee, 

1973) on t h e  a t t i t u d e s  of p a r e n t s ,  t e ache r s ,  and s t u d e n t s  toward t h e  

system. I t  i s  unc lear  what sampling procedure was used f o r  t h e  

a t t i t u d e  surveys bu t  t he  r e s u l t s  have been publ ished i n  l o c a l  papers  

and have been r a t h e r  nega t ive .  For example, 2,439 s t u d e n t s  f e l t  

t h a t  they l ea rned  more from t h e  classroom t eache r  while  707 f e l t  

t h a t  they learned  more from t h e  TV t eache r s ;  2,111 of 3,360 f e l t  

t h a t  t e l e v i s i o n  d id  not motivate  them t o  l e a r n ;  and 2,201 of 3,244 

s t u d e n t s  f e l t  t h a t  they would r a t h e r  l e a r n  without  t e l e v i s i o n .  A 

t o t a l  of 180 responses  was obtained from t h e  genera l  publ ic .  

Approximately 60% of t h i s  sample f e l t  t h a t  t e l e v i s i o n  d i d  not  

c o n t r i b u t e  t o  l e a r n i n g ,  d i d  no t  mot iva te  s t u d e n t s ,  and d id  no t  

belong i n  t h e  schools .  The ma jo r i t y  of t h e s e  people  a l s o  d i d  no t  

favor  an i nc rease  i n  t h e  use of t e l e v i s i o n  even i f  a b e n e f i t  t o  

s tuden t  l e a rn ing  could be demonstrated o r  i f  c o s t s  would remain t he  

same. The use of t e l e v i s i o n  was more favorab ly  viewed by t eache r s ,  

a l though t h e i r  op in ions  dec l ined  r e l a t i v e  t o  t h e  e a r l i e r  survey.  

Approximately 50% of elementary and secondary t eache r s  responding 



t o  tlw SUI-vev I el  t t l1.3t ITV (tit1 not  improve t lie c l t ~ : i l  l t y o f  i n s t r u c t  ion. 

Adtltt i o n ~ ~ l  1 v ,  507 c > f  secondary 75X of element ;lr!: t r a c l ~ e r a  f e l t  

t h a t  t he i r -  s t u d e n t s  were l o s i n g  by t h e  use  o f  TV. 

2. SYSTEM COSTS 

Year by Year Costs  

Complete c o s t  d a t a  were a v a i l a b l e  f o r  s e v e r a l  y e a r s  o f  t h e  p r o j e c t  

and r eco rds  of a l l  c a p i t a l  equipment expenses were a v a i l a b l e  f o r  a l l  

y e a r s  of t he  p r o j e c t .  A s  opposed t o  many o t h e r  ITV p r o j e c t s  which 

have opera ted  f o r  on ly  a  few y e a r s ,  i t  is p o s s i b l e  t o  ana lyze  d e t a i l e d  

c o s t s  f o r  an 18-year per iod  f o r  t h e  Hagerstown ITV system. P r o j e c t i o n s  

of c o s t s  were undertaken f o r  on ly  two y e a r s .  The c o s t  d a t a  f o r  each 

yea r  o f  t h e  p r o j e c t  a r e  r epo r t ed  i n  Table I X . l .  

The i n i t i a l  investment  i n  equipment f o r  t h e  s t u d i o s  and c l a s s -  

rooms and c o n s t r u c t i o n  of t h e  c e n t r a l  f a c i l i t y  was $1,049,700. I n  

o t h e r  y e a r s  o f  t h e  p r o j e c t ,  new c a p i t a l  expenses r a r e l y  exceeded 

10% of  t o t a l  expenses and have u s u a l l y  been approximately  3%. Annual 

expenses  have i nc r ea sed  from $724,300 i n  1958 t o  $1,102,500 i n  1972. 

S a l a r i e s  f o r  TV t e a c h e r s  have been 30-35% of t o t a l  expenses;  eng inee r i ng ,  

p roduc t ion  and suppo r t  salaries have been 20-25X of t o t a l  expenses;  

a d m i n i s t r a t i o n  s a l a r i e s  have been 7-82 of t o t a l  expenses;  and c a b l e  

r e n t a l  h a s  been 15-20% of t o t a l  expenses .  

Two i t ems  from t h e  c o s t  t a b l e  a r e  of s p e c i a l  i n t e r e s t .  The long 

h i s t o r y  of t h i s  p r o j e c t  a l l ows  one t o  examine changes i n  r e l a t i v e  

p r i c e s  of d i f f e r e n t  e lements  of t h e  system. In  g e n e r a l ,  s a l a r i e s  

have i nc r ea sed  a t  t h e  g e n e r a l  r a t e  of i n f l a t i o n  and have remained 

f a i r l y  cons t an t  i n  1972 U. S. d o l l a r s .  However, technology c o s t s  

have been d e c l i n i n g .  The average p r i c e  of t e l e v i s i o n  r e c e i v e r s  h a s  

remained a t  $150 i n  c u r r e n t  d o l l a r s .  Th i s  r e s u l t s  i n  an even l a r g e r  

d e c l i n e  i n  p r i c e  i n  cons t an t  d o l l a r s .  I n  c u r r e n t  d o l l a r s  on ly  

$53,783 was s p e n t  in 1955 f o r  342 b lack  and ~ h i t e  t e l e v i s i o n  sets. 

With an adjustment  f o r  i n f l a t i o n ,  t h i s  f i g u r e  becomes $97,800 i n  1972 

d o l l a r s .  I n  1972, $1,340 was spen t  on 11 b lack  and w h i t e  t e l e v i s i o n  s e t s .  



The second i t - e m  of i n t e r e s t  i s  t h e  impact of maintenance. The 

dec i ine  i n  r e l a t i v e  p r i c e s  f o r  t he  equipment components of t he  system 

g ives  a  more favorable  p i c t u r e  of replacement expendi tures  than the  

t r u e  s i t u a t i o n .  More money, i n  cons tan t  d o l l a r s ,  was spent  i n  1955 

than i n  a l l  t h e  remaining years  of t h e  p r o j e c t .  I f  one examines t h e  

amount of equipment purchases,  a  c l e a r e r  p i c t u r e  of t h e  replacement 

needs emerges. According t o  records  kept by t h e  maintenance department, 

only 200 s e t s  have been replaced dur ing  t h e  e n t i r e  l i f e  of t h e  p ro j ec t .  

A s  t h e r e  were 342 sets o r i g i n a l l y  purchased, a t  l e a s t  140 sets a r e  

s t i l l  func t ioning  a f t e r  20 years .  

Cost Functions 

Cost func t ions  f o r  t h e  Hagerstown ITV p r o j e c t  have been est imated 

f o r  1972. To ta l  cos t  is assumed t o  be a  func t ion  of the  number of 

o r i g i n a l  programming hours (1,440 i n  1972) and t h e  number of s t u d e n t s  

served by t h e  system (22,000 i n  1972). The cos t  func t ion  i s  given 

by the  fol lowing equat ion : 

where TC is  t o t a l  c o s t ,  

N is t h e  number of s t u d e n t s  

h  is the  number of hours ,  

F is  f ixed  c o s t ,  and 

VN and Vh a r e  v a r i a b l e  c o s t s  pe r  s tuden t  and per  hour 

r e spec t ive ly .  

The d a t a  f o r  t he  c o s t  func t ions  a r e  drawn from Table I X . l  and 

repor ted  i n  Table IX.2. Recurrent c o s t s  i n  Table XI.2 a r e  expendi tures  

dur ing  1972. Cap i t a l  c o s t s  a r e  annual ized va lues  of equipment expenses 

from the  beginning of t he  p r o j e c t  t o  1972. Three i n t e r e s t  r a t e s  a r e  

used (OX, 7.5%. and 15%).  Production equipment is assumed t o  have a  

20-year l i f e  and w a s  assumed t o  be  v a r i a b l e  wi th  the  number of hours 

of product ion.  Reception equipment was assumed t o  be v a r i a b l e  with the  

number of s t u d e n t s  and has a  15-year l i f e .  Transmission equipment is  



TABLE I X .  2  

TOTAL COST FUNCTTON-HAGERSTOWN ITV PROJECT 1 9 7 2 ~  

( i n  thousands  of 1972 U.S. d o l l a r s )  

-- 
- - - 

Interest rate 04% 7.55 155 

Fixed Variable Fixed Variable Fixed Variable 
Student Hour Student Hour Student Hour 

Administration b 

Recurrent 70 5 70.5 70.5 
productionC 

Recurrent 
Capital 

Transmission d 

Recurrent 164. 0 

~ e c e ~  tione 
Recurrent 
Capital 

Total cost 234.5 -0005 .617 234.5 ,0009 ,652 234.5 .0015 ,697 

a 
The c o s t  f u n c t i o n  is c a l c u l a t e d  from c o s t  d a t a  th rough  1972 f o r  t h e  Hagerstown ITV p r o j e c t .  The 

u t i l i z a t i o n  i n  1972 was 22,000 s t u d e n t s  and 1 ,440  hours .  Recur ren t  expenses  a r e  expenses  d u r i n g  1974. 
C a p i t a l  expenses  a r e  a n n u a l i z e d  v a l u e s  of inves tment  p r i o r  t o  1974 w i t h  t h e  assumption of a  20-year l i f e .  

b ~ d r n i n i s t r a t i o n .  A l l  a d m i n i s t r a t i o n  expenses  a r e  assumed t o  b e  f i x e d .  

C 
P r o d u c t i o n .  R e c u r r e n t  expenses  i n c l u d e  a l l  t e a c h e r ,  e n g i n e e r i n g ,  p r o d u c t i o n  and s u p p o r t  s t a f f  

s a l a r i e s .  Although t h e s e  peop le  a r e  h i r e d  on a  y e a r l y  b a s i s  i t  i s  assumed t h a t  i n  t h e  l o n g  run t h e  
number of  employees would v a r y  w i t h  p r o d u c t i o n  l e v e l s .  

d 
Transmiss ion .  The r e c u r r e n t  expenses  a r e  s imply  t h e  c a b l e  r e n t a l  charge  f o r  1972 and is n o t  

v a r i a b l e  w i t h  t h e  number of s t u d e n t s  o r  t h e  number of hours .  The c h a r g e  is based on t h e  l e n g t h  o f  t h e  
c a b l e  and hence t h e  geograph ic  d i s t r i b u t i o n  of s c h o o l s .  

e 
Recep t ion .  R e c u r r e n t  expenses  i n c l u d e  maintenance and power which a r e  assumed t o  v a r y  w i t h  t h e  

number o f  h o u r s  of p r o d u c t i o n .  



n ~ l r m a l l y  assumed t o  have a given l i f e  and t o  be v a r i a b l e  wi th  t h e  number 

of hours .  However. Hagerstown on ly  l e a s e s  t h e  c a b l e  used f o r  t r a n s -  

miss ion.  The charges  a r e  not  v a r i a b l e  w i th  t h e  number of hours  

and hage been t r e a t e d  a s  f i x e d ,  r e c u r r e n t  expenses .  

The assumptions  o f  c o s t s  va ry ing  wi th  t h e  number of s t u d e n t s  o r  

t h e  number of hours a r e  under taken t o  r e p r e s e n t  t h e  long-run v a r i a b l e  

c o s t s .  I n  t h e  s h o r t  run ano the r  s t u d e n t  could be added t o  t h e  system 

a t  a c o s t  of v i r t u a l l y  ze ro .  However, over  t h e  long run ,  new 

r e c e i v e r s  would have t o  be added. 

The c o s t  f u n c t i o n s  c a l c u l a t e d  i n  Table  IX.2 a r e  used t o  c a l c u l a t e  

average c o s t s  pe r  s t u d e n t  (AC ) ,  average c o s t  p e r  s t u d e n t  hour  ( t h e r e  
N 

were 2,588,000 s t uden t  hou r s  i n  1972) ,  and t he  r a t i o  of average  c o s t s  

t o  v a r i a b l e  c o s t s  f o r  s t u d e n t s  (ACN/VN). These c a l c u l a t i o n s  a r e  

summarized below: 

Cost p e r  
T o t a l  Cost Equation 2 ACN/yN 

Student  Hour 

A s  t h e  i n t e r e s t  r a t e  i n c r e a s e s ,  a l l  annua l ized  v a r i a b l e  c o s t s  and 

a l l  average c o s t s  i n c r e a s e .  The average c o s t s  pe r  s t uden t  ($54.23 

a t  7.5%) a r e  t h e  c o s t s  t o  Hagerstown f o r  p rov id ing  an average of 

117 hours  of i n s t r u c t i o n  t o  each s t u d e n t  v i a  t e l e v i s i o n .  

The r a t e s  of average c o s t s  t o  v a r i a b l e  c o s t s  g i v e s  a  rough 

approximation of t h e  excess  c a p a c i t y  of t h e  system. When t h e  r a t i o  

is  h igh ,  excess  c a p a c i t y  e x i s t s .  For t he  a d d i t i o n  of s t u d e n t s ,  t h e  

long-term v a r i a b l e  c o s t  is o n l y  $ .90 ( a t  7.5% i n t e r e s t ) .  However, 

t h e  average c o s t  is  $54.23. A s  more s t u d e n t s  a r e  added t o  t h e  system, 

average c o s t s  w i l l  d e c l i n e .  



An a l t e r n a t i v e  methodology f o r  a n a l y z i n g  t h e  c o s t s  of t h e  p r o j e c t  

and p r o v i d i n g  in format ion  f o r  p r o j e c t  p l a n n e r s  is t o  c a l c u l a t e  t h e  

average  c o s t  ( p e r  s t u d e n t ,  p e r  h o u r ,  o r  p e r  s t u d e n t  hour)  from y e a r  

i of  t h e  p r o j e c t  t o  year  j ,  AC . This  c a l c u l a t i o n  u t i l i z e s  c o s t  
i j 

and u t i l i z a t i o n  in format ion  f o r  a l l  y e a r s  of t h e  p r o j e c t  from i t o  j . 
C o s t s  i n c u r r e d  p r i o r  t o  y e a r  i a r e  t r e a t e d  a s  sunk c o s t s ,  w i t h  t h e  

s i m p l i f y i n g  assumption of no recovery c o s t s .  The c a l c u l a t i o n  a l l o w s  

t h e  p lanner  t o  de te rmine  an average  c o s t  o f  t h e  p r o j e c t  from tile 

f i r s t  y e a r  t o  d i f f e r e n t  p o t e n t i a l  t e r m i n a t i o n  d a t e s  o r  a l l o w s  t h e  

p l a n n e r  t o  ana lyze  t h e  c o s t s  of c o n t i n u i n g  a  p r o j e c t .  

The e q u a t i o n  f o r  t h e  c a l c u l a t i o n  of ACij i s  g iven  by: 

where C i s  t h e  c o s t  i n  y e a r  k ;  
k  Nk 

i s  t h e  number of s t u d e n t s  i n  

y e a r  k  ( o r  hours  o r  s t u d e n t  h o u r s ) ;  and r is  an i n t e r e s t  r a t e .  

When k  = 1, average  c o s t s  a r e  c a l c u l a t e d  from t h e  beginning of 

t h e  p r o j e c t  t o  d i f f e r e n t  t e r m i n a t i o n  d a t e s .  T h i s  c a l c u l a t i o n  is  

r e p o r t e d  i n  t h e  f i r s t  row of  Tab le  IX. 3. A s  one can s e e ,  a s  t h e  

p r o j e c t  o p e r a t e s  f o r  more y e a r s ,  average  c o s t s  d e c l i n e .  The s t e a d y  

d e c l i n e  i s  a t t r i b u t a b l e  t o  t h e  s p r e a d  of c a p i t a l  c o s t s  o v e r  i n c r e a s i n g  

numbers o f  s t u d e n t s .  A s  e x p e c t e d ,  average  c o s t  p e r  s t u d e n t  would 

be v e r y  h igh  i f  t h e  p r o j e c t  were t e rmina ted  i n  e a r l i e r  y e a r s .  For 

Hagerstown t h e  average  c o s t s  d e c l i n e d  r a t h e r  r a p i d l y  t o  $60.53 

(AC1,8) p e r  s t u d e n t  i n  1962 and then d e c l i n e d  t o  on ly  $53.37 by 1972 

(AClSl8). 
T h i s  s low d e c l i n e  o c c u r s  because  of t h e  r a t h e r  h igh 

e x p e n d i t u r e  each  y e a r  on r e c u r r e n t  c o s t s ;  t h a t  i s ,  c a p i t a l  c o s t s ,  

a l t h o u g h  s p r e a d  over  more s t u d e n t s ,  a r e  an i n c r e a s i n g l y  l e s s  impor tan t  

p o r t i o n  of t o t a l  c o s t s .  



TABLE I X .  3 

AVERAGE COSTS PER STUDENT FROM YEAR i TO YEAR j 

INTEREST RATE = 7.5% 

- -- -- - - - 
year j 

year i 1955 1956 195 7 1958 1960 1962 1964 1966 1968 1970 1972 1973 1974 



To compare t h e  1 ,  , c a l c u l a t i o n  w i t h  t h e  c o s t  funct  i o n ,  one 
11 

should  use 
AC1, 1 8  

, which is  t h e  average  c o s t  pcr  s t u d e n t  f o r  t h e  

f i r s t  1 8  y e a r s  of t h e  p r o j e c t ;  t h i s  c o s t  i s  $53.37.  The average  

p e r  s t u d e n t  c o s t  from t h e  c o s t  f u n c t i o n  i s  $54.23 a t  7 .5%,  which i s  

a  comparable f i g u r e .  

Average c o s t s  p e r  s t u d e n t  hour  have a l s o  been e s t i m a t e d  and a r e  

r e p o r t e d  i n  Tab le  IX.4. I n  examining t h e  average  c o s t s  from t h e  

p r o j e c t  i n c e p t i o n ,  one  o b s e r v e s  a  r a t h e r  r a p i d  d e c l i n e  from $1.72 

p e r  s t u d e n t  hour ( f o r  j = 1956, t h a t  i s ,  AC ) t o  $.37 p e r  s t u d e n t  
1 , 2  

hour  ( f o r  j = 1962,  t h a t  is ,  AC ) The i n t e r e s t i n g  d i f f e r e n c e  between 
198 

t h e  c a l c u l a t i o n s  f o r  c o s t s  p e r  s t u d e n t  and p e r  s t u d e n t  hour i s  t h e  

d i f f e r e n t  p i c t u r e  p r e s e n t e d  t o  decis ion-makers  i n  t h e  p r e s e n t .  The 

c a l c u l a t i o n s  f o r  
AC18, j 

p r e s e n t  t h e  expec ted  average  c o s t s  f o r  

c o n t i n u a t i o n  o f  t h e  p r o j e c t  beyond 1972. The average  c o s t s  p e r  

s t u d e n t  a r e  lower  than p r e v i o u s l y ;  t h a t  i s ,  
Ac18, 1 8  

i s  $50.11, whereas 

AC1, 1 8  
is $53.37. However, i n  terms of  average  c o s t s  p e r  s t u d e n t  

hour ,  
AC18, 1 8  

i s  $.43,  whereas ,  
AC1, 1 8  

i s  $ .35.  Con t inua t ion  c o s t s  

a p p e a r  t o  be h i g h e r  p e r  s t u d e n t  hour and lower  p e r  s t u d e n t  than  t h e  

average  c o s t s  f o r  t h e  l i f e  of  t h e  p r o j e c t .  The d i f f e r e n c e  is 

a t t r i b u t a b l e  t o  t h e  t r e a t m e n t  of  a l l  p r e v i o u s  c a p i t a l  expenses  a s  

sunk c o s t s  i n  t h e  c a l c u l a t i o n  o f  AC 
18 ,18  

b u t  t h e  g e n e r a l  d e c l i n e  

i n  s t u d e n t  hour u t i l i z a t i o n  ( t h e  last  row i n  Table  I X . l )  r e s u l t s  i n  

a n  i n c r e a s e  i n  average  c o s t s  p e r  s t u d e n t  hour .  

D i s c u s s i o n  

The c o s t s  of  t h e  Hagerstown p r o j e c t  have remained h i g h  because  

of  t h e  r e l a t i v e l y  low number o f  s t u d e n t s  invo lved  i n  t h e  sys tem and 

t h e  r a t h e r  h i g h  c o s t s  o f  programming d e r i v e d  from t e a c h e r  and s t a f f  

s a l a r i e s .  

The l e n g t h  o f  t h e  e x p e r i e n c e  o f  t h e  Hagerstown p r o j e c t  a l l o w s  

u s  t o  s e e  one impor tan t  advantage o f  technology i n  t h e  p a s t ;  t h e  

d e c l i n i n g  r e l a t i v e  p r i c e  o f  equipment.  The importance  o f  maintenance 

i n  e x t e n d i n g  equipment l i f e  h a s  he lped  t o  keep c o s t s  lower  on t h i s  

p r o j e c t  r e l a t i v e  t o  a  s i t u a t i o n  i n  which r e c e i v e r s  are r e p l a c e d  every  

f i v e  y e a r s .  
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In 1972 t h e  county  (Wasliington County Bodrd of I<cii~cation,  1973)  

e s t i m a t e d  t h e  c o s t  of  r e p l a c i n g  t h e  t e l e v i s i o n  sys tem.  The r e p o r t  

e s t i m a t e d  a  need f o r  an a d d i t i o n a l  1 6  h igh  s c h o o l  t e a c h e r s ,  19  

middle  schoo l  t e a c h e r s ,  and 48 e lementa ry  schoo l  t e a c h e r s  f o r  an 

annual  c o s t  of  $846,600, and ,  f u r t h e r ,  t h a t  approx imate ly  27 new 

c lass rooms  would be needed a t  a  c a p i t a l  c o s t  of $357,500 ($32,175 

f o r  a  7 .5% i n t e r e s t  r a t e  and a  l i f e  of  o n l y  20 y e a r s ) .  T h i s  compares 

w i t h  annua l  o p e r a t i n g  c o s t s  of $1,084,000 i n  1972. I f  t h i s  c o s t  

d i f f e r e n t i a l  cou ld  be  expec ted  t o  c o n t i n u e  and i f  t e l e v i s i o n  i n s t r u c -  

t i o n ,  compared w i t h  t r a d i t i o n a l  i n s t r u c t i o n ,  cou ld  n o t  be demonstra ted  

t o  be more e f f e c t i v e  f o r  s t u d e n t  l e a r n i n g ,  t h e n  i t  may be wise  t o  

t e r m i n a t e  t h e  p r o j e c t .  

Although t h e  p r o j e c t  is e x p e n s i v e ,  t h e  recommendations from t h e  

e v a l u a t i o n  committee have been t o  c o n t i n u e  u s i n g  t h e  sys tem b u t  t o  

a t t empt  t o  modify it t o  i n c r e a s e  e f f e c t i v e n e s s  and reduce  n e g a t i v e  

r e a c t i o n s .  T h e i r  recommendations,  which w i l l  p robably  i n c r e a s e  c o s t s ,  

i n c l u d e  t h e  f o l l o w i n g :  

1. The u s e  o f  ' d i r e c t '  t e l e v i s e d  i n s t r u c t i o n  f o r  a r t ,  music ,  

and language f o r  e l e m e n t a r y  l e v e l s  and a s  a  supplement 

f o r  o t h e r  e l ementa ry  s u b j e c t s ;  

2 .  The u s e  of  ITV a s  a  supplement o n l y  f o r  secondary  c o u r s e s ;  

3. The i n t r o d u c t i o n  of  new ' d i r e c t '  ITV u s e  o n l y  when: 

a .  t h e r e  i s  ev idence  o f  a p o s i t i v e  e f f e c t  upon l e a r n i n g ;  

b .  an i n v e s t i g a t i o n  h a s  been made t o  de te rmine  i f  o t h e r  

m a t e r i a l  may be l e a s e d  o r  purchased ;  and,  

c .  a  c o n t i n u i n g  e v a l u a t i o n  f o r  m o d i f i c a t i o n  o r  c a n c e l l a t i o n  

of  t h e  c o u r s e  has  been e s t a b l i s h e d ;  

4. The u s e  of  v i d e o t a p e s  t o  a l l o w  t i m e  f o r  e d i t i n g  and improve- 

ments p r i o r  t o  p r e s e n t a t i o n ;  

5. An i n v e s t i g a t i o n  of  t h e  c o s t  and f e a s i b i l i t y  o f  o t h e r  

i n s t r u c t i o n a l  media t o  p r o v i d e  c lass room t e a c h e r s  w i t h  a 

wide v a r i e t y  of  r e s o u r c e s ;  



6.  The e s t a b l i s h m e n t  of a sys tem t n  r o t a t e  TV t e a c h e r s  back 

t o  t h e  c lassrooms;  

7. The replacement o f  c lassroom r e c e i v e r s  on a r e g u l a r  b a s i s  

w i t h  c o n s i d e r a t i o n  g iven  t o  t h e  use of c o l o r  r e c e i v e r s ;  

and,  

8. The development by t h e  s t u d i o  t e a c h e r  o f  a t e s t  o f  t h e  

performance of  s t u d e n t s ,  t o  be used a s  a measure of  h i s  

o r  h e r  e f f e c t i v e n e s s .  



CHAPTER S 

THE KOREAN ELEMENTARY/MIDDLE SCHOOL PROJECT 

I n  t h e  p e r i o d  1970-71 t h e  Republ ic  o f  Korea under took a  major  

sys tems a n a l y s i s  of i t s  e d u c a t i o n a l  s e c t o r :  t h e  purpose  o f  t h e  

a n a l y s i s  was t o  a s c e r t a i n  t h e  f e a s i b i l i t y  of improving t h e  i n t e r n a l  

e f f i c i e n c y  of t h e  e d u c a t i o n a l  sys tem and of  making t h e  sys tem more 

respons ive  t o  Korea ' s  economic and s o c i a l  needs. '  Two impor tan t  

c o n c l o s i o n s  of t h e  a n a l y s i s  were t h a t  a  s i n g l e  e n t i t y  w i t h i n  Korea 

should t a k e  r e s p o n s i b i l i t y  f o r  e d u c a t i o n a l  reform a c t i v i t i e s ,  and 

t h a t  a n  impor tan t  i n i t i a l  t a r g e t  f o r  reform would be t h e  e lementa ry  

(g rades  1-6) and middle  (g rades  7-9) s c h o o l s .  

1. THE SYSTEM 

I n  August, 1972, t h e  Government of Korea responded t o  recommendations 

by establish in^ t h e  Korean Educa t iona l  Development I n s t i t u t e  (KEDI) 

under t h e  d i r e c t i o n  o f  D r .  Yung Dug Lee. One of t h e  f i r s t  major  

t a s k s  f a c i n g  KEDI was development of a re fo rm p r o j e c t  a t  t h e  e lementary  

and middle  schoo l  l e v e l s  (KEDI, 1974) .  The e lementary/middle  (E/M) 

p r o j e c t  is  now i n  t h e  c o u r s e  of development,  and f i n a l  p l a n s  f o r  

implementation remain t o  be  decided on.  The E/M p r o j e c t  w i l l ,  

however. use  ITV and, t o  a  l e s s e r  e x t e n t ,  r a d i o  t o  p rov ide  i n s t r u c t i o n .  

P r e s e n t  p l a n s  c a l l  f o r  s t u d e n t s  i n  g rades  2  through 9  t o  r e c e i v e  

about s i x  20-minute t e l e v i s i o n  l e s s o n s  p e r  week by t h e  t ime t h e  

o p e r a t i o n a l  phase of t h e  p r o j e c t  beg ins  i n  1978: more i n t e n s i v e  

u s e  o f  ITV w i l l  be cons idered  i f  funds  become a v a i l a b l e .  P l a n s  

c a l l  f o r  s t u d e n t s  i n  g r a d e s  1 through 9  t o  r e c e i v e  abou t  t e n  20-minute 

r a d i o  l e s s o n s  p e r  week. I n  a d d i t i o n  t o  u s e  of ITV and I R ,  t h e  E / M  

p r o j e c t  w i l l  i n v o l v e  reform of c u r r i c u l u m  and tex tbooks  and may invo lve  

l ~ l o r i d a  S t a t e  U n i v e r s i t y  provided t e c h n i c a l  a s s i s t a n c e  f o r  t h e  
s e c t o r  a n a l y s i s ,  and t h e  r e p o r t  on t h e i r  e f f o r t  (Morgan and Chadwick, 
1971) p r e s e n t s  t h e  methods and c o n c l u s i o n s  of t h e  a n a l y s i s .  



2 
use vf d.i f f e r e n t  i ~ t e d  s t a f f i n g ,  use o f  indivi t lual izrc l  i n s t r u c t  i o n .  

and main ta in ing  t l ~ e  o v e r a l l  st udent- to- teacher  r a t l v  w i t 1 1  m u l t  i l ) l c  

grouping of s t u d e n t s ,  such a s  smal l  (30-40 s t u d e n t s )  , medium (40-60) 

and l a r g e  (60-80). The impact of t he  reform w i l l  be a s s e s sed  a s  one 

a spec t  of an a n a l y t i c a l  c a se  s tudy  of KEDI  a c t i v i t i e s  t h a t  w i l l  be  

undertaken by a team from the  Un ive r s i t y  o f  P i t t s b u r g h  (Masoner, 1975);  

thus  t h e  p roce s s  and outcomes of t h e  reform w i l l  be w e l l  documented 

from nea r  t h e  o u t s e t .  

A t  t h e  t i m e  of t h i s  w r i t i n g  (September, 1975) t h e  E/M p r o j e c t  is  

at a  c r i t i c a l  j unc tu r e .  The f i r s t  phase o f  i t s  a c t i v i t i e s - - i n i t i a l  

p lann ing  f o r  and t r y o u t s  o f  t h e  new i n s t r u c t i o n a l  approaches--is  

n e a r i n g  completion.  I ts t r ansmi s s ion  f a c i l i t i e s  and new s t u d i o s  a r e  

scheduled t o  become o p e r a t i o n a l  w i th in  a  few months, thereby a l lowing 

t h e  second major phase of t h e  project--comprehensive demons t ra t ions  

i n  30 schools-- to  beg in ,  and a  t h i r d  one i n  45 s choo l s .  The demonstra- 

t i o n  phases  tiill con t inue  through February,  1978. A f o u r t h  phase,  

t h a t  of nat ionwide implementation,  w i l l  beg in  i n  the  course  of t h e  

d e m o n ~ t r a t i o n , ~  and i n  p a r a l l e l  wi th  i t ;  implementation is planned t o  

occur  i n  t h e  pe r i od  1976-1980. 

The KEDI  E / M  p r o j e c t  is ambi t ious  i n  t h e  comprehensiveness o f  t h e  

reform i t  p l a n s  t o  implement and i n  t h e  e x t e n t  t o  which, l i k e  Nicaragua 's  

Radio Mathematics P r o j e c t  (Sea r l e ,  F r iend ,  and Suppes, 1975) ,  i t  w i l l  

a t t empt  t o  u t i l i z e  r e s ea r ch  r e s u l t s  from educa t i ona l  psychology i n  i t s  

i n s t r u c t i o n a l  de s ign .  The p r o j e c t  i s ,  i n  a d d i t i o n ,  u t i l i z i n g  t h e  most 

r e c e n t  t e c h n i c a l  advance i n  t r an smi s s ion  systems,  t h e  t e t h e r e d  a e r o s t a t ,  

f o r  s i g n a l  d i s t r i b u t i o n ;  KEDI'S use  of an a e r o s t a t  w i l l  be t h e  f i r s t  

use made of t h i s  technology f o r  t e l e v i s i o n  broadcas t ing .  For a l l  

' ~ o s t i c k  (1975) p rov ides  a  d e t a i l e d  a n a l y s i s  of t h e  economic 
impact t h a t  d i f f e r e n t i a t e d  s t a f f i n g  would have on t he  E/M reform. 

3 ~ r e s e n t  K E D I  p lann ing  c a l l s  f o r  o p e r a t i o n a l  i n s t a l l a t i o n  of  
6,950 TV r e c e i v e r s  i n  over  20,000 classrooms i n  1976; t h e s e  a r e  i n  
a d d i t i o n  t o  168 r e c e i v e r s  ( 1  r e c e i v e r  p e r  2  c l a s s e s )  t o  be i n s t a l l e d  
i n  demonstra t ion schools .  F i n a l  budget a u t h o r i z a t i o n  remains t o  be 
made f o r  t h e  o p e r a t i o n a l  i n s t a l l a t i o n s .  



these reasons,  then,  the E/M p r o j e c t  w i l l  be c l o s e l y  observed and 

i t s  c o s t s  w i l l  be important t o  a s c e r t a i n .  The cos t  information we 

s h a l l  p resen t  i n  t h i s  paper is based in p a r t  on c o s t s  t h a t  have been 

incu r r ed ,  and i n  p a r t  on presen t  KEDI p lans .  The r e s u l t s  a r e  thus  

t e n t a t i v e .  

In  t h e  next  s e c t i o n  w e  o f f e r  p resen t  e s t ima te s  of t h e  c o s t s  of 

va r ious  components of t he  system--development and s t a r t  up a c t i v i t i e s ,  

program product ion,  program t ransmiss ion ,  and recept ion .  I n  t h e  t h i r d  

s e c t i o n  we use  t h i s  information t o  ob t a in  c o s t  func t ions  f o r  t h e  

media a spec t  of t he  E/M p r o j e c t .  

2. SYSTEM COSTS 

I n  t h i s  s e c t i o n  of t h e  chapter  we w i l l  p r e sen t  information on the  

var ious  components of t h e  c o s t s  of t h e  media a s p e c t s  of t h e  E/M p r o j e c t .  

We f i r s t  d i s c u s s  development and s t a r t  up c o s t s ,  then product ion 

c o s t s ,  nex t  t ransmiss ion  costs, and, f i n a l l y ,  r ecep t ion  s i t e  c o s t s .  

Svstem Develo~ment and S t a r t  UD Costs 

Table X . l  shows system development and s t a r t  up c o s t s .  These c o s t s  

t o t a l  $3,111,200. The t a b l e  a l s o  shows the  annual ized value4 of t h e s e  

s t a r t  up c o s t s  assuming t h e  c o s t s  t o  be spread over  an es t imated  20- 

yea r  p r o j e c t  l i f e t i m e .  These s t a r t  up c o s t s  a r e  t h e  t o t a l  es t imated  

t o  be incur red  during the  per iod September, 1972, through February, 

1978. 

4 ~ s  d iscussed  i n  Chapter 11, w e  annual ize  c a p i t a l  c o s t s  by using 
t h e  s tandard  account ing annua l i za t i on  formula; i f  we a r e  given an 
i n i t i a l  c o s t ,  C ,  f o r  an i t e m  of c a p i t a l  ( s t a r t  up a c t i v i t i e s  a s  w e l l  
a s  equipment a r e  considered c a p i t a l ) ,  i t s  per iod  of u se fu lnes s  i n  y e a r s ,  
n  , and an i n t e r e s t  r a t e  of c o s t  of c a p i t a l ,  r , t he  annual ized c o s t  
of t h e  c a p i t a l  is given by a ( r , n )C  . The annua l i za t i on  f a c t o r ,  a ( r , n ) ,  

is i n  tcrn given by: a ( r , n )  = ( r  (1 + r ) ) n  / ( ( 1  + I-)" - 1 ) .  



SYS'I'I,:M I)EVEI,Ol'MENT AND START UP c:l)S'I'!; 

I tem 

System development ( i n c l u d i n g  book w r i t i n g  
and c ~ r r i c u l u m  p r e p a r a t i o n )  $2,411,200 

T r a i n i n g  and t e c h n i c a l  a s s i s t a n c e  419,200 

Contingency 

TOTAL 

a  
T o t a l ,  Annual ized a t  0% $155,20o/yr .  

a  
T o t a l ,  Annual ized a t  7.5% $304,80O/yr. 

T o t a l ,  Annual ized a t  1 5 % ~  $496,800/ y r .  

a 
These  a n n u a l i z a t i o n s  a r e  based on s p r e a d i n g  c o s t s  o v e r  a  

h y p o t h e t i c a l  20-.year p r o j e c t  l i f e t i m e .  



Frogram Product ion Costs 

E D 1  i s  now completing t h e  cons t ruc t ion  and i n s t a l l a t i o n  of 

equipment i n  a  l a r g e  new s t u d i o  and r e sea rch  f a c i l i t y .  The f a c i l i t y  

w i l l  have two r a d i o  s t u d i o s  and two TV s t u d i o s  (one of 3,600 square  

f e e t ,  t h e  o the r  of 2,400).  Table  X.2 shows cons t ruc t ion  c o s t s  f o r  

the  e n t i r e  f a c i l i t y ,  and appor t ions  those  c o s t s  among the  TV s t u d i o s ,  

r ad io  s t u d i o s ,  and research  c e n t e r .  It a l s o  shows the  c o s t s  of 

s t u d i o  equipment, inc lud ing  sh ipping .  The t a b l e  shows annual ized 

va lues  of t he se  c a p i t a l  c o s t s  us ing  K E D I ' s  l i f e t i m e  e s t ima te s  and 

i n t e r e s t  r a t e s  of 0%, 7.5%, and 15%. The es t imated  t o t a l  c o s t  of t h e  

TV s t u d i o s ,  inc lud ing  equipment, i s  $2,032,000; t h a t  f o r  t he  r a d i o  

s t u d i o s  is  $194,400. 

Table X.3 shows e s t ima te s  of t h e  r e c u r r e n t  c o s t s  per  program; t he se  

t o t a l  $439 per  20-minute TV program and $22 per  15-minute r a d i o  program. 

In  o rde r  t o  o b t a i n  a  rough e s t ima te  of t h e  t o t a l  cos t  pe r  

program, t he  r e c u r r e n t  cos t  per  program (from Table X.3) must be  added 

t o  the  c o s t  pe r  program of c a p i t a l  f a c i l i t i e s .  To compute t h i s  we 

assume t h a t  t he  capac i ty  of t h e  TV s t u d i o s  i s  1 ,860  programs per  

y e a r ,  and t h a t  t h a t  of t h e  r ad io  s t u d i o s  i s  9,620. The annual ized 

c a p i t a l  c o s t s  of the  TV and r ad io  f a c i l i t i e s  ( i tem C,  Table X.2) a r e  

then d iv ided  by these  product ion r a t e s  t o  o b t a i n  an e s t ima te  of c a p i t a l  

c o s t s  per  program. Table X . 4  shows the  t o t a l  product ion c o s t s  pe r  

program, t h a t  is ,  the  sum of the  c a p i t a l  p lu s  r e c u r r e n t  c o s t s ;  assuming 

a  7.5% discount  r a t e ,  t h e  c o s t  per  TV program is $568; t h e  c o s t  per  

r a d i c  program $24. 

Transmission Systems Costs 

From the  t e c h n i c a l  po in t  of view, a  p r i n c i p a l  source  of i n t e r e s t  

i n  t h e  KEDI E/M p r o j e c t  i s  t h a t  i t  w i l l  be t he  f i r s t  t o  use a  t e the red  

a e r o s t a t  a s  t he  platform f o r  i t s  t e l e v i s i o n  and r a d i o  t r a n s m i t t e r s .  

An a e r o s t a t  i s  a  d i r i g ib l e - shaped  l i gh t e r - t han -a i r  c r a f t  l i f t e d  by 

helium gas  and the  aerodynamic fo rce  of  t he  wind. A s t e e l  t e t h e r ,  



TABLE X.  2 

CAPITAL COSTS OF STUDIO FACILITIES 

---- -- 
-- 

A.  Construction and Installation 

Land $ 44,000 

Construction of Studios and Research Center 1,528,000 

TOTAL $1,572,000 

Discount Rate 
0% 7.5% 15% 

a Annualized construction cost $31,440 $121,200 $236,000 
TV studios' shareb 16,800 64,240 125,120 
Radio studios' ' share 

b 1,920 7,280 14,160 
Research center's share 12,880 49,680 96,800 

B. Studio Equipment Cost, Including Shipping 

TV Studio ~~ui~ment' 

Radio Studio Equipment 

Discount Rate 
OX 7.5% 15% 

Annualized TV equipment coste $120,000 $175,200 $239,200 
Annualized radio equipment coste 10,000 14,560 19,920 

C. Total Costs, Construction Plus Equipment 

TV Studios 

Annualized Cost 
Total Cost OX 7.5% 15% 

$2,032,000 $136,800 $239,200 $364,000 

Radio Studios 194,400 12,000 21,600 34,400 

a 
This annualization assumes a 50-year lifetime for the facilities. 

See next page for remaining footnotes. 



b ~ h e  sha re  of t o t a l  c o s t  borne by t h e  TV s t u d i o  f a c i l i t y  i s  assumed t o  
equal  53%; t h a t  of r ad io  s t u d i o  f a c i l i t y  6%; and t h a t  o f  t h e  research  c e n t e r  
41%. These percentages were computed under t h e  fol lowing assumptions: 
( i )  s t u d i o s  c o n s t i t u t e  48% of t h e  t o t a l  a r e a  of t h e  f a c i l i t y ,  ( i i )  r a d i o  
s t u d i o s  c o n s t i t u t e  10% of t h e  t o t a l  s t u d i o  a r e a ,  and ( i i i )  t h e  c o s t  o f  
cons t ruc t ion  of s t u d i o  f a c i l i t i e s  i s  h a l f  aga in  a s  expensive as t h a t  of 
r e sea rch  f a c i l i t i e s  pe r  u n i t  a rea .  

L. 
The p r i n c i p a l  i tems of TV s t u d i o  equipment i nc lude  s i x  v ideotape  

r eco rde r s  (2-inch) a t  $73,600 each;  fou r  s t u d i o  camera cha ins  a t  $40,000 
each;  t h r e e  t e l e c i n e  cha ins  a t  $48,000 each;  two l i g h t i n g  systems a t  
$66,400 each; fou r  TV c o n t r o l  u n i t s  a t  $76,000 each; and two r a d i o  con t ro l  
u n i t s  a t  $17,600 each. 

% h i s  t o t a l  c o s t  may go up i f  purchase i s  made of an a d d i t i o n a l  
$431,200 worth of equipment i n  1976, a s  is  now t e n t a t i v e l y  planned. Fu r the r ,  
t h e r e  i s  some i n d i c a t i o n  t h a t  t h e  KEDI equipment purchase was on excep t iona l ly  
favorab le  terms; the  winning bid was lower than expected and l e s s  than 75% 
of t h e  a l t e r n a t i v e  bid.  

e 
This  annua l i za t i on  assumes a 10-year equipment l i f e t i m e .  



TABLE X. 3 

A.  Telev is ion  

b  
Broadcasting program development (producers ,  

e d i t o r s ,  engineer ing  and s t u d i o  personnel)  
S c r i p t w r i t i n g  and a c t o r s  
Films, v ideotapes ,  sets 

TOTAL 

R .  Radio 

Broadcasting program developmentb (producers ,  
e d i t o r s ,  engineer ing  and s t u d i o  personnel)  

S c r i p t w r i t i n g  and a c t o r s  
Tapes and s e t t i n g  

TOTAL 

a  
The c o s t s  i n  t h i s  t a b l e  a r e  per  program. TV program du ra t ion  i s  

20 minutes;  r a d i o  program du ra t ion  is  15 minutes.  

b  
KEDI has  budgeted $570,000 t o  t h e  E/M p r o j e c t  f o r  b roadcas t ing  

program development in t h e  per iod  1972-78. Assuming t h a t  14,600 r a d i o  
programs a r e  produced i n  t h i s  pe r iod ,  2,205 TV programs a r e  produced, 
and t h a t  b roadcas t ing  program development c o s t s  f o r  t e l e v i s i o n  s tand  t o  
those f o r  r ad io  a s  do t h e  o t h e r  r e c u r r e n t  c o s t s  ( t h a t  i s ,  20:1) ,  one 
o b t a i n s  t he  numbers in t h e  t a b l e .  



TABLE X. 4 

Recurrent cos t  plus 
cap i ta l  c o s t s  annualized a t  

OX 7.5% 15% 

Televis ion $513 $568 $635 

Radio 2 3 2 4 2 5 

a The c o s t s  i n  t h i s  table are per program. Televis ion program 
duration i s  2 0  minutes; radio program duration i s  15 minutes. 



l e s s  than an inch i n  d i a m e t e r ,  l i n k s  t h e  aerost 'at t o  tilt> g r o u n d  

s t a t  i o n ;  in Korea t h e  . I r r o s t a t  w i l l  be  te ther t .d  . ~ t  .In . I  l t it t 1 t l t 1  ( > I  

10,000 f e e t .  The Korean i n s t a l l a t i o n ,  which i s  loca ted  i n  t h e  

v i l l a g e  o f  Bong Yang, w i l l  have two a e r o s t a t s - - o n e  f o r  r e g u l a r  u s e ,  

and one f o r  immediate backup i n  c a s e  o f  f a i l u r e  o f  t h e  f i r s t .  Each 

w i l l  c a r r y  two UHF TV t r a n s m i t t e r s  and one FM r a d i o  t r a n s m i t t e r .  I n  

a d d i t i o n  t o  t h e s e  b r o a d c a s t i n g  packages ,  c a r r i e d  f o r  KEDI, t h e  

a e r o s t a t s  w i l l  c a r r y  telecommunications equipment. 

The KEDI complex i n  Seoul w i l l  beam t h e  TV and r a d i o  s i g n a l s  t o  

t h e  o p e r a t i n g  a e r o s t a t  a t  Bong Yang, 70 m i l e s  away, by a  C-band (4-6 

GHz) microwave l i n k ;  t h e  a e r o s t a t  w i l l  r e c e i v e  t h e s e  s i g n a l s ,  s h i f t  

t h e i r  f requency,  and r e t r a n s m i t  them. Wankel motors connected t o  a  

g e n e r a t o r  w i l l  supply  t h e  power t o  o p e r a t e  t h e  on-board e l e c t r o n i c s  

package; t h e  o p e r a t i o n s  crew w i l l  lower t h e  a e r o s t a t  every  s e v e r a l  

days  t o  r e f u e l  t h e  motor and t o  under take  r e g u l a r  maintenance.  

S tandard  UHF t e l e v i s i o n  s e t s  w i l l  r e c e i v e  t h e  s i g n a l s  w i t h  an  e s t i m a t e d  

FCC Grade ' A '  s i g n a l  q u a l i t y  a t  d i s t a n c e s  up t o  60 m i l e s  from Bong 

Yang; a  Grade 'B' s i g n a l  should  be o b t a i n a b l e  a t  d i s t a n c e s  of 90 

m i l e s .  A t  some a d d i t i o n a l  expense (about  $480) one can add a  h i g h e r  

ga in  an tenna  and a  low n o i s e  p r e a m p l i f i e r / c o n v e r t o r  t o  a  s t a n d a r d  

UHF r e c e i v e r ,  i n c r e a s i n g  t h e  coverage r a d i u s  s u b s t a n t i a l l y .  P r e s e n t  

p l a n s  c a l l  f o r  i n s t a l l a t i o n  of f o u r  UHF r e l a y  s t a t i o n s  t o  p rov ide  

coverage beyond t h e  reach o f  t h e  a e r o s t a t ,  and t r a n s m i s s i o n  c o s t  

e s t i m a t e s  h e r e  a r e  based on t h a t  assumption.  KEDI is examining t h e  

p o s s i b i l i t y  o f  a c q u i r i n g  a  second a e r o s t a t  s i t e  a s  an a l t e r n a t i v e  t o  

t h e  r e l a y  s t a t i o n s .  

As of September, 1975, t h e  a e r o s t a t s  were i n s t a l l e d  a t  Bong Yang, 

and p r e l i m i n a r y  t e s t s  were under way t o  a s c e r t a i n  whether a c t u a l  s i g n a l  

s t r e n g t h s  would match p r e d i c t e d  ones  t o  v a r i o u s  p a r t s  of Korea. 

Table  X.5 p r e s e n t s  t h e  c a p i t a l  c o s t  o f  t h e  t r a n s m i s s i o n  system,  

i n c l u d i n g  s i t e  p r e p a r a t i o n  and c o n s t r u c t i o n .  The c o s t s  i n  t h a t  t a b l e  

are based on an  ass ignment  o f  47% of  t h e  a e r o s t a t  sys tem c o s t s  t o  

KEDI'S b r o a d c a s t i n g  f a c i l i t i e s ;  t h i s  is t h e  f i g u r e  used f o r  Korean 

BEST AVAILABLE COPY 



TABLE X. 5 

CAPITAL COSTS OF TRANSMISSION SY STEP1 

A. Construction and Installation 
a 

Aerostat site, including equipment installation $2 80,800 

Relay station sites (4) 65,600 

TOTAL $346,400 

Annualized At 
0 % 7.5% 15% 

Annualized Construction Cost 
b 

$11,520 $29,360 $65,900 

B. Equipment, Including Shipping 

Aerostat a , c $2,632,000 

Relay stations (4), including equipment installation 66,000 

TOTAL $2,698,000 

Annualized At 
0% 7.5% 15% 

Annualized Equipment Cost 
d 

C. Total Costs 

Annualized At 
Total 0% 7.5% 15% 

Total Capital Cost $3,044,800 $281,600 $422,400 $590,400 

'KEDI allocates 47% of total aerostat costs to its own activities; the 
number in the table are for this 47%. 

b ~ h e  construction costs are annualized assuming a 30-year site lifetime. 

See next page for remaining footnotes. 



TXHLE X. 5 (continued) 

C 
An Export-Import Bank loan of U.S. $5,600,000 financed the transmission 

site equipment, which was purchased from the TCOM Corporation, a subsidiary of 
Westinghouse Electric. The $5,600,000 purchased two aerostats (at $864,000 
each), four UHF TV transmitters (at $296,000 each), two FM radio transmitters 
(at $162,400 each) , two telemetry command systems (at $548,800 each) , and 
miscellaneous equipment, services, and transportation totaling $1,263,200. 
A total of 47% of this $5,600,000 expenditure is attributed to KEDI in 
Korean Government accounting (footnote a). Estimated costs for a second 
aerostat transmission site are 75% higher than were costs for the first one. 

d ~ h e  equipment costs are annualized assuming a 10-year equipment lif etlme. 



government accounting. While a l l oca t io l l  of f i x e d  c o s t s  among a l t e r n a -  

t i v e  uses o f  an i n s t a l l a t i o n  is i n e v i t a b l y  somewhat a r b i t r a r y ,  t h i s  

a l l o c a t i o n  seems reasonable enough. 

Table X.6 p re sen t s  cur ren t  e s t ima te s  of t he  r ecu r ren t  c o s t s  of t h e  

t ransmission f a c i l i t i e s ;  these  c o s t s  include ope ra t ions ,  maintenance 
5 

and spa re  p a r t s ,  power, and helium f o r  t h e  a e r o s t a t s .  An e a r l i e r  

a n a l y s i s  (Lee, 1975) suggested t h a t  r ecu r ren t  c o s t s  would be about 

40% higher  than these  e s t ima te s ,  which a r e  based on the  most r ecen t  

KEDI planning f i g u r e s .  I t  i s  probably f a i r  t o  say t h a t ,  u n t i l  

KEDI has  had s e v e r a l  years  of experience wi th  the  system, t h e r e  w i l l  

remain s u b s t a n t i a l  unce r t a in ty  concerning t h e  r ecu r ren t  c o s t s  of 

t he  t ransmission f a c i l i t y .  

Table X.7 p re sen t s  e s t ima te s  of t h e  c o s t s  per  channel per  yea r ,  

based on t h e  c o s t  information from Tables X.5 and X.6. To a l l o c a t e  

c o s t s  among the  one r ad io  and two TV channels ,  we a l l o c a t e d  K E D I ' s  

f r a c t i o n  of t he  a e r o s t a t  f a c i l i t y  c o s t s  i n  proport ion t o  t h e  t r a n s m i t t e r  

c o s t s  per s e  ( footnote  c ,  Table X.5). A s  the TV t r a n s m i t t e r s  c o s t  

$299,000 each and the  rad io  t r a n s m i t t e r s  c o s t  $160,000, t he  f r a c t i o n  

of t o t a l  KEDI a e r o s t a t  cos t  a l l o c a t e d  t o  t h e  rad io  t r a n s m i t t e r  is 22%, 

and t h e  f r a c t i o n  a l l o c a t e d  t o  each, TV t r a n s m i t t e r  i s  39%. Half t h e  

cos t  of each TV re l ay  s t a t i o n  was then added t o  each t e l e v i s i o n  channel ' s  

f r a c t i o n  of a e r o s t a t  c o s t s  t o  ob ta in  t o t a l  annual c o s t  per  t e l e v i s i o n  

channel ;  a t  a  7.5% discount  r a t e  t h e  c o s t  i s  $232,800 per  channel per  

year .  A t  t he  same discount  r a t e ,  t he  rad io  channel c o s t s  $124,800 

per  yea r .  

' ~ a c h  a e r o s t a t  uses  about 190,000 cubic f e e t  of helium, t h e  
cu r r en t  p r i c e  f o r  which i n  Korea i s  a t  present  $.27 per cubic  foot-- 
s u b s t a n t i a l l y  above t h e  world market p r i c e .  Thus t h e  value of t he  
helium i n  t h e  two a e r o s t a t s  is about $103,000. The permeabi l i ty  of 
t he  a e r o s t a t  membrane (which i s  extremely low), i n e v i t a b l e  small  t e a r s  
i n  the  membrane, and occas iona l  dumps of helium f o r  f l i g h t  c o n t r o l  
cause a  s teady  l o s s  of helium. S i t e  engineers  hope t h i s  l o s s  can be  
kept t o  200 cubic f e e t  pe r  a e r o s t a t  per  day which would r e s u l t  i n  a  
t o t a l  cos t  t o  t h e  i n s t a l l a t i o n  of $40,000 per  year .  



TABLE X. 6 

RECURRENT COSTS OF TRANSMISSION SYSTEM 

a 
At aerostat site $159,20O/yr. 

At relay transmitter sites $8,80O/yr. 

TOTAL $168,000/~r. 

a 
KEDI allocates 47% of total aerostat costs to its own 

activities; the number in the table is for this 47%. 



TABLE X. 7 

Recurrent cos t  p lus  
c a p i t a l  c o s t s  annualized a t  

0% 7.5% 15% 

A. UHF Television $176,80O/yr. $232,80O/yr. $299,20O/yr. 
(Channels 20 and 26) 

B. FE.1 Radio 
(104.9 MHz) 

a  
The system w i l l  t ransmit  two channels of UHF t e l e v i s i o n  and one channel 

of FH r ad io ;  the  c o s t s  indica ted  f o r  t e l e v i s i o n  a r e  per  channel,  and include 
the c o s t s  of the  four  of f - the-a i r  r e l a y  s t a t i o n s  f o r  reaching a r e a s  i n  the 
south. The FM rad io  s i g n a l  i s  planned to  reach f a r  enough t o  cover the  south 
from the Bong Yang a e r o s t a t  s i te.  



Assuming tha t  the channels t ransmit  f o r  e ight  hours a  day s i x  

days a  week (o r  2,500 hours per year)  the cos t  per hour of t ransmission 

of UHF t e l e v i s i o n  i s  $72 a t  a  discount  r a t e  of zero;  $93 a t  a  

discount r a t e  of 7.5%; and $120 a t  a  discount  r a t e  of 15%. The cos t  

per  hour of FM rad io  t ransmission is  $38 a t  a discount  r a t e  of zero;  

$50 a t  a  discount  r a t e  of 7.52; and $64 a t  a  discount r a t e  of 15%. 

Reception S i t e  Costs 

There a r e  two p r i n c i p a l  components t o  the recept ion  s i t e  c o s t s ;  

the  f i r s t  is the  purchase, i n s t a l l a t i o n ,  and maintenance of t he  TV 

and radio  r ece ive r s  and the second is the purchase of p r in t ed  ma te r i a l s .  

Table X.8 shows the  t e l e v i s i o n  and radio  cos t s ;  Table X.9 shows the  

p r in t ed  ma te r i a l  c o s t s ,  based on p resen t ly  p l amed  l e v e l s  of p r i n t  usage. 

Current p lans  c a l l  f o r  t h ree  c l a s s e s  t o  share  recept ion  equipment; 

assuming an average c l a s s  s i z e  of 60, recept ion  equipment w i l l  be 

shared among 180 s tudents .  Table X.10 shows annual recept ion  s i t e  c o s t s  

per  s tudent  per  year  under t h i s  assumption. A t  a  discount  r a t e  of 

7.5% these  c o s t s  t o t a l  $3.20 per  s tudent  per yea r i6  of t h i s  amount 

p r in t ed  m a t e r i a l s  account f o r  652, t e l e v i s i o n  accounts f o r  33%. and 

radio  accounts f o r  22. Even with the  low c o s t s  per  p r in t ed  page t h a t  

KEDI p lans  f o r ,  t he  high planned u t i l i z a t i o n  of p r in t ed  m a t e r i a l s  

causes p r i n t  t o  be a  dominant f a c t o r  i n  recept ion  s i t e  c o s t s .  

To ta l  Cost Functions 

Based on the  information presented i n  the  preceding s e c t i o n ,  we 

can prepare an annualized t o t a l  cos t  funct ion  f o r  both the  t e l e v i s i o n  

and t h e  rad io  components of t he  E / M  p r o j e c t ,  a s  well  a s  one f o r  t he  

p ro jec t  a s  a  whole. These cos t  funct ions  a r e  of the  following form: 

6 ~ h i s  would be $.56 higher  f o r  middle school s tuden t s ;  s e e  
footnote  b t o  Table X . l O .  



TABLE X. 8 

RECEPTION SITE COSTS (TELEVISION AND RADIO) 

A. C a p i t a l  Costs (per  3 classrooms) 

UHF co lo r  t e l e v i s i o n  r e c e i v e r  (1) 
Te lev is ion  r e c e i v e r  i n s t a l l a t i o n  
Radio s e t  (1) 

TOTAL 

Annualized c a p i t a l  cos t a  

Annualized A t  
0% 7.5% 15% 

$92 $114 $137 

B. Recurrent Costs (per  3 classrooms) 

Te l ev i s ion  ope ra t i ng  cost--power, s p a r e s ,  and mainte  ance b 
6 $82 

Radio ope ra t i ng  cost--power, s p a r e s ,  and maintenance - 5 

TOTAL $87 

C.  To t a l  Annualized Cost (pe r  3 classrooms) 

For t e l e v i s i o n  

For r ad io  

TOTAL 

Recurrent c o s t  p lu s  
c a p i t a l  c o s t  annual ized a t  

0% 7.5% 15% 

$170/yr. $190/yr. $212/yr. 

10 ly r .  l l l y r .  12 I y r .  

a These annua l i za t i ons  assume l i f e t i m e s  of 5 yea r s  f o r  t h e  r a d i o  and 
t e l e v i s i o n  r ece ive r s .  

b ~ ~ ~ ~ ' s  p lans  assume t h a t  t he  annual  ope ra t i ng  c o s t s  (power, spa re s ,  
and maintenance) of  t e l e v i s i o n  and r a d i o  r ece iv ing  equipment w i l l  equa l  
20% of i n i t i a l  c o s t .  



TABLE X. 9 

RECEPTION SITE COSTS (PRINT) 

A .  Elementary School 

Teacher's Guide, inc lud ing  tests 
(1600 pages per  teacher  per  year  
@ $.0021 per  page) 

Student Workbooks 
(1000 pages per  s tudent  per  year)  

B .  Middle School 

~ e a c h e r ' s  Guide, inc lud ing  t e s t s  
(1300 pages per  teacher  per  year) 

Student Workbooks 
(1200 pages per  s tudent  p e r  year) 

$2.60 per  teacher  per year 

$2.00 per  s tudent  per year 

$2.20 per  teacher  per year 

$2.60 per  s tudent  per  year  

C.. Tota l  P r i n t  Costs  Per Student Per yeara 

Elementary School $2.10 per  s tudent  per  year  

Middle School $2.60 per  s tudent  per  year  

%'hese c o s t s  assume a c l a s e  s i z e  of 60 s tudents .  



TABLE X. 10 

ANNUAL RECEPTION SITE COSTS PER  STUDENT^ 

Telev i s ion  only 

Recurrent c o s t s  p lus  
c a p i t a l  c o s t s  annualized a t  

OX 7.5% 15% 

Radio only $0.06 $0.06 $0.06 

Te lev i s ion  p lus  r ad io  p lus  p r i n t  b 
$3.08 $3.20 $3.32 

a 
These c o s t s  assume an  average of 60 s tuden t s  per  c l a s s  and t h a t  t e l e v i s i o n  

and r ad io  r ece ive r s  a r e  shared among th ree  c l a s s e s .  

b ~ h e s e  inc lude  the  p r i n t  c o s t s  f o r  elementary school s tuden t s  from Table X . 9 ;  
the cos t  f o r  middle school s tuden t s  would be $.56 per s tudent  per year  h igher .  



where TC = t o t a l  system c o s t s ,  per yea r ,  

N = the  number of s t uden t s  reached,  

F = f ixed system c o s t s ,  

VN = v a r i a b l e  c o s t  per s t u d e n t ,  and 

Vh = v a r i a b l e  cos t  per hour. 

Table X . l l  shows the  va lues  of t he  c o s t  parameters-- F , VN , 
and Vh --for t h e  t e l e v i s i o n ,  r a d i o ,  and p r i n t  components of t h e  E/M 

reform, each considered s e p a r a t e l y .  

For example, t he  cos t  func t ion  f o r  only the  t e l e v i s i o n  aspec t  of 

t he  reform, assuming a  7.5% discount  r a t e ,  can be seen from Table  X . l l  

t o  be: 

KEDI now plane t o  provide 70 hours of TV per  year  a t  each of e i g h t  

grade l e v e l s ,  r e s u l t i n g  i n  a  value of h  of 560; p u t t i n g  t h i s  value of 

h  i n t o  the  above equa t ion  we ob ta in :  

I f  N = 1,000,000 the  average cos t  is $2.27 per  s tudent  per  year  o r  

3 . 3 ~  per  s tuden t  per  hour. On the  o t h e r  hand, i f  N i s  ' on ly '  100,000 

the  average cos t  is $13.32 per  s tudent  per  year  o r  1 9 ~  per  s tuden t  

per  hour. S imi l a r ly  one can examine p r o p e r t i e s  of the  cos t  func t ions  

f o r  rad io  and p r i n t .  

I t  is a l s o  p o s s i b l e  t o  cons t ruc t  a  cos t  func t ion  f o r  t he  reform 
7  

a s  a  whole. Here we use t h e  ' t o t a l '  e n t r y  a t  t h e  bottom of Table  X . l l  

and cons ider  s e p a r a t e l y  the  number of hours  of t e l e v i s i o n  and r ad io  

programming. Let hT equa l  t h e  number of hours of  TV programming 

and hR equa l  t h e  number of hours  of r ad io  programming. With a 

7.5% discount  r a t e  we then have: 

7 ~ h i s  c o s t  func t ion  w i l l  be on ly  f o r  t he  d i r e c t  i n s t r u c t i o n  a spec t  
of t h e  reform; a l l  t e ache r  t r a i n i n g  c o s t s  a r e  excluded. 



TABLE X. 11 

TOTAL COST FUNCTIONS 

Televis ion 
Annualized A t  

0% 7.5% 15% 

F~ $108,000 $213,600 $348,000 

Radio 

Print 

Annualized A t  

- 0% 7.5% 15% 

$32,800 $64,000 $104,000 

Annualized A t  
0% 7.5% 15% 

$13,600 $27,200 $44,800 

Total (Televis ion + Radio + Print) 

Annualized A t  
0% 7.5% 15% 

See next  page for footnotes .  



TABLE X .  11  (con t inued)  

; 1 
The f i x e d  c o s t s ,  E' , a r e  from t h e  a n n u a l i z o t l o l i s  ~ i v c ~ l i  In  'I'ablt. 

X . 1 .  The f i x e d  c o s t  f o r  p r i n t  i s  9% o f  t h e  t o t a l  and is  t h e  e n t i r e  
' .purchase o f  books and con t ingency '  i tem.  The remaining 91% o f  t h e  
f i x e d  c o s t s  a r e  d i v i d e d ,  somewhat a r b i t r a r i l y ,  between r a d i o  and 
t e l e v i s i o n  i n  t h e  f o l l o w i n g  way: t e l e v i s i o n ,  70%; r a d i o ,  21%. The 
method f o r  a s s i g n i n g  c o s t s  t o  t e l e v i s i o n  and r a d i o  i s  t h e  same as t h a t  
d e s c r i b e d  i n  f o o t n o t e  b  of  Tab le  X. 3. 

i s  t h e  v a r i a b l e  c o s t  p e r  s t u d e n t  of t e l e v i s i o n ,  r a d i o ,  p r i n t ,  
and t h e  t o t a l  of  t h e  t h r e e ,  r e s p e c t i v e l y .  I n  t h e  c a s e  o f  p r i n t ,  t h e  
amount g i v e n  is f o r  e l ementa ry  s c h o o l  s t u d e n t s ;  f o r  middle  s c h o o l  
s t u d e n t s  i t  is $.55 h i g h e r .  

C 

v? 
is t h e  v a r i a b l e  c o s t  p e r  hour of programming b r o a d c a s t ;  t h a t  

is,  i t  s t h e  sum of  t h e  a n n u a l i z e d  c o s t  of  a n  hour o f  p roduc t ion  ( i . e . ,  
p roduc t ion  of t h r e e  t e l e v i s i o n  o r  f o u r  r a d i o  programs) and t h e  c o s t  of 
an hour of  t r a n s m i s s i o n  t ime.  

d  
For p r i n t  we have Vh = 0 , which is i m p o s s i b l e ;  t h e  number of  

d i f f e r e n t  workbooks and t e a c h e r ' s  g u i d e s  t h a t  need t o  be prepared w i l l  
p robab ly  be  rough ly  p r o p o r t i o n a l  t o  t h e  number of hours  of  programming, 
and c e r t a i n  c o s t s  of  p r e p a r a t i o n  would va ry  a c c o r d i n g l y .  We have no 
i n f o r m a t i o n  t h a t  would a l l o w  u s  t o  s e p a r a t e  t h e s e  c o s t s  from t h e  f i x e d  
c o s t s  o f  p r i n t  and from t h e  c o s t s  t h a t  a r e  v a r i a b l e  w i t h  r e s p e c t  t o  
number of  s t u d e n t s .  



As before ,  we l e t  $ - 560 . KEDI c u r r e n t l y  p lans  t o  broadcast 1,095 

hours of r a d i o  per year t o  s tuden t s  i n  grades 1-9, so the  cos t  func- 

t i o n  becomes, i n  terms of N only: 

If N = 100,000 t h e  average cos t  per s tudent  per year is  $17.90; i f  

N = 1,000,000 , t h i s  cos t  drops t o  $4.70. This  c o s t  inc ludes  t e l e -  

v i s i o n ,  p r i n t ,  and radio .  I n  our previous example we computed t h e  

cos t  per s tudent  per year of t e l e v i s i o n  a lone  t o  be $2.30; t e l e v i s i o n  

c o s t s  a r e  thus about 49% of t h e  t o t a l .  

3.  CONCLUSION 

In  concluding t h i s  chapter  i t  is perhaps worth s t r e s s i n g  once 

aga in  the  prel iminary s t a t u s  of t h e  f i g u r e s  repor ted  here. It is  

f a r  tao  e a r l y  i n  the  E/M reform f o r  t h e  c o s t s  reported here  t o  r e f l e c t  

a c t u a l  experience;  on t h e  o the r  hand, enough equipment has been 

purchased and i n s t a l l e d  f o r  a t  l e a s t  some of t h e  f i g u r e s  repor ted  

here t o  r e f l e c t  more than planning es t imates .  I n  p a r t  one we 

d iscussed  problems of e r r o r  i n  cos t  es t imat ion  i n  t h e  planning and e a r l y  

phases of i n s t r u c t i o n a l  technology p r o j e c t s ,  and noted an almost 

un ive r sa l  tendency f o r  es t imates  t o  unde r s t a t e  a c t u a l  cos t s .  T i m e  

a lone  w i l l  t e l l  whether t h e  planning e s t ima tes  reported here w i l l  fol low 

the  general  p a t t e r n .  Our p red ic t ions  a r e ,  however, t h e  following: 

1. The cons t ruc t ion  and i n s t a l l a t i o n  cos t  es t imates  f o r  s tud io  

and transmission f a c i l i t i e s  w i l l  prove t o  be accura t e  o r  s l i g h t l y  low. 

2 .  The t ransmission equipment cos t  e s t ima tes  w i l l  prove accura te ;  

t h e  ope ra t ions  and maintenance c o s t s  w i l l  prove t o  have been major 

underest imates .  

3. The s tud io  equipment e s t ima tes  of t h i s  chapter  w i l l  prove 

low because a d d i t i o n a l  equipment w i l l  be purchased. Studio opera t ion  



and maintenance costs will either prove to be quite low or substantially 

fewer programs will be produced annually than is here assumed. 

4. The TV and radio receiver purchase, installation, and 

maintenance cost estimates will prove to be slightly high. 

5. The cost of printed materials will be perhaps twice as high 

as is estimated here. 



THE MEXICAN TELESECUNDARIA 

blexico, a long  wi th  many o t h e r  deve lop ing  n a t i o n s ,  f a c e s  a  b o t t l e -  

n e c k  a t  t h e  secondary s c h o o l  l e v e l ;  t h e r e  a r e  no t  s u f f i c i e n t  p l a c e s  

i n  t h e  p r e s e n t  secondary s c h o o l  sys tem t o  a l l o w  a l l  t h o s e  s t u d e n t s  

who complete  pr imary s c h o o l  t o  c o n t i n u e  t h e i r  e d u c a t i o n  i f  they  s o  

d e s i r e .  T h i s  problem i s  most a c u t e  i n  r u r a l  a r e a s  s i n c e  few secondary  

s c h o o l s  a r e  l o c a t e d  i n  t h e s e  r e g i o n s ,  and consequen t ly  most r u r a l  

you ths  who want t o  pursue  t h e i r  e d u c a t i o n  must l t ~ n v e  t h e i r  homes and 

go t o  s c l ~ o o l  i n  t h e  c i t i e s .  I n  r e c e n t  y e a r s ,  ttre Mexican government 

has  made p o l i t i c a l  commitments t o  p rov ide  u n i v e r s a l  pr imary and 

secondary  s c h o o l i n g ,  and i n  1966 began exper iment ing  w i t h  a  sys tem 

of  i n s t r u c t i o n a l  t e l e v i s i o n  c a l l e d  T e l e s e c u n d a r i a ,  a s  a means of 

e x t e n d i n g  t h e  secondary s c h o o l  sys tem i n  r u r a l  a r e a s .  

Below we w i l l  examine T e l e s e c u n d a r i a ,  wi th  a  pr imary emphasis 

on sys tem c o s t s :  S e c t i o n  I w i l l  g i v e  an overview of t h e  sys tem- i t s  

o r g a n i z a t i o n  and t e c h n i c a l  c h a r a c t e r i s t i c s ,  t h e  e x t e n t  of  i t s  u t i l i z a -  

t i o n ,  and a  summary of ev idence  on i t s  e f f e c t i v e n e s s ;  S e c t i o n  2 w i l l  

a n a l y z e  sys tem c o s t s ;  S e c t i o n  3 w i l l  compare T e l e s e c u n d a r i a ' s  c o s t s  

w i t h  t h o s e  of  t h e  t r a d i t i o n a l  d i r e c t  t e a c h i n g  sys tem;  S e c t i o n  4 

w i l l  examine t h e  c o s t s  of expansion a l t e r n a t i v e s  f o r  T e l e s e c u n d a r i a ;  

S e c t i o n  5 w i l l  comment b r i e f l y  on sys tem f i n a n c i n g ;  and S e c t i o n  6 

w i l l  summarize and conc lude .  T h i s  c a s e  s t u d y  i s  based a lmost  

e n t i r e l y  on p r e v i o u s  work i n  which one of t h e  a u t h o r s  p a r t i c i p a t e d ,  

and h a s  been r e p o r t e d  on more f u l l y  i n  Klees  (1975) and Mayo, McAnany, 

and Klees  (1975).  The i n t e r e s t e d  r e a d e r  is r e f e r r e d  t o  t h e s e  s o u r c e s  

f o r  more complete  d e t a i l s  of t h e  a n a l y s i s ,  e s p e c i a l l y  w i t h  r e g a r d  

t o  sys tem e f f e c t i v e n e s s .  

1. THE SYSTEM 

O r g a n i z a t i o n  and T e c h n i c a l  C h a r a c t e r i s t i c s  

T e l e s e c u n d a r i a  began c a u t i o u s l y  and on a  s m a l l  s c a l e  i n  September,  

1966,  w i t h  c l o s e d  c i r c u i t  b r o a d c a s t i n g  t o  an  e x p e r i m e n t a l  s c h o o l  i n  



Mexico C i ty .  Eight y-three 7th g rade r s ,  divided i n t o  four  c l a s s e s ,  

received t e l e v i s e d  i n s t r u c t i o n  i n  the  s tandard  s u b j e c t s .  The follow- 

ing yea r ,  open broadcas t ing  began t o  6,569 7 th  grade s t u d e n t s  i n  

304 classrooms s c a t t e r e d  throughout e i g h t  s t a t e s .  

While r e t a i n i n g  the i d e n t i c a l  curriculum and goa l s  of the  t r a d i -  

t i o n a l  Mexican secondary school  system, t h e  Telesecundaria  employs 

a  mix o f  n a t i o n a l  and community resources .  I n  p lace  of l a r g e ,  

f e d e r a l l y  f inanced school bu i ld ings ,  Telesecundaria  c l a s s e s  customari ly  

meet i n  space provided by the  l o c a l  comnunities.  Such space c o n s i s t s  

of  one, two, o r  t h r e e  rooms donated by the  municipal government, l o c a l  

coope ra t i ve s  o r  o t h e r  s o c i a l  s e r v i c e  agenc ies .  Occasional ly ,  space 

i s  given by a  l o c a l  pa t ron  o r  by one of t he  s t u d e n t s '  f ami l i e s .  I n  

communities where i n t e r e s t  i n  t he  Telesecundaria  runs p a r t i c u l a r l y  

h igh ,  parent  o rgan iza t ions  have been ins t rumenta l  i n  r a i s i n g  money 

f o r  t h e  c o n s t r u c t i o n  and maintenance of permanent f a c i l i t i e s .  

Ins tead  of f u l l y  acc red i t ed  and s p e c i a l i z e d  secondary school  

t e ache r s ,  the  Te lesecundar ia  r e l i e s  upon classroom coord ina to r s  t o  

oversee  a l l  i n s t r u c t i o n .  The coo rd ina to r s  a r e  drawn from the  ranks 

of 5 th  and 6 t h  grade primary school  t e ache r s  and they a r e  paid by 

the  f e d e r a l  government. Unlike t h e i r  coun te rpa r t s  i n  t he  t r a d i t i o n a l  

system who s p e c i a l i z e  i n  one s u b j e c t ,  Telesecundaria  coo rd ina to r s  

a r e  ass igned  t o  one c l a s s  of s t uden t s  whom they must i n s t r u c t  i n  t he  

whole range of 7 th ,  8 t h  o r  9 th  grade s u b j e c t s .  The coo rd ina to r s  a r e  

suppl ied  w i th  a  monthly o u t l i n e  and schedule  of  the  t o p i c s  t o  be 

covered i n  each t e l e l e s s o n .  Workbooks t o  a s s i s t  s t u d e n t s  i n  t he  

d a i l y  u t i l i z a t i o n  of t e l e c l a s s e s  have been s p e c i a l l y  designed and 

a r e  d i s t r i b u t e d  a t  low c o s t  through commercial bookstores .  

The t e l e v i s i o n  t e a c h e r s  and producers  who a r e  r e spons ib l e  f o r  

t h e  development and p r e s e n t a t i o n  of t h e  broadcast  l e s sons  a r e  

r e c r u i t e d  from t h e  t r a d i t i o n a l  school  system on the  b a s i s  of t h e i r  

sub j ec t  s p e c i a l t i e s ,  pedagogical  s k i l l s ,  and, i n  t h e  ca se  of t h e  

t e l e v i s i o n  t eache r s ,  t h e i r  po i se  on camera. Te lev is ion  t eache r s  

a r e  h i r ed  on an hour ly  b a s i s  and given s p e c i a l  t r a i n i n g  i n  e l o c u t i o n ,  

t h e  techniques of t e l e v i s i o n  t each ing ,  s c r i p t w r i t i n g ,  and the  use 
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in): ( 1 1  , I ~ I L I  l t ~ v i s t ~ , ~ l  i n s t  r r ~ c t  i o n  .is w e l l  a s  s t  ud i t l  management. 'Shelr 

s e l e c t i o n  and t r a i n i n g  r e f l e c t s  a b a s i c  Te lesecundar ia  p o l i c y  t h a t  

i t  i s  b e t t e r  t o  t r a i n  academic s p e c i a l i s t s  t o  be t e l e v i s i o n  producers  

than t o  expect  exper ienced producers  t o  become academic s p e c i a l i s t s .  

Te l ev i s i on  c a r r i e s  t h e  pr imary i n s t r u c t i o n a l  burden of t h e  

system. I n  a  t y p i c a l  week, s t u d e n t s  r e c e i v e  about  30 t e l e v i s e d  

l e s s o n s  d iv ided  among t h e  v a r i o u s  s u b j e c t s  and v o c a t i o n a l  a c t i v i t i e s .  

T e l e c l a s s e s  average 20 minutes  i n  l e n g t h  w i th  t h e  remaining 40 

minutes of each c l a s s  d iv ided  between p r e p a r a t i o n  and follow-up 

a c t i v i t i e s  superv i sed  by t h e  c lassroom coo rd ina to r s .  T e l e c l a s s e s  

a r e  b roadcas t  between 7:45 a.m. and 2:00 p.m., Monday through Fr iday ,  

and  f o r  one hour on Saturday morning w i th  t h e  r e s t  of t h a t  morning 

being rese rved  f o r  b roadcas t s  t o  t h e  c lassroom c o o r d i n a t o r s .  To 

accommodate a  very t i g h t  b roadcas t  schedule ,  t r an smi s s ions  t o  t h e  

t h r e e  secondary grades  a r e  s taggered  s o  t h a t  a 20-minute l e s s o n  t o  

t he  7 th  grade i s  followed immediately by one t o  t h e  8 t h  g rade ,  and 

f i n a l l y  by one t o  t h e  9 t h  g rade .  

The system was i n i t i a t e d  and run ,  u n t i l  v e ry  r e c e n t l y ,  under 

t he  ausp i ce s  of t h e  Audio Visua l  Department of t h e  Mexican S e c r e t a r i a t  

of Pub l i c  Education (SEP). Produc t ion  a c t i v i t i e s  of t h e  Te lesecundar ia  

a r e  cen te red  i n  f ou r  s t u d i o s  mainta ined by SEP i n  Mexico C i ty .  Two 

s t r o n g  i n c e n t i v e s  f o r  u s ing  s t u d i o  time e f f i c i e n t l y  a r e  t h e  f a c t  

t h a t  a  l a r g e  number of s u b j e c t s  a r e  b roadcas t  and t h a t  they a r e  

almost a l l  t e l e v i s e d  l i v e .  Each t e l e t e a c h e r  has  on ly  one hour  i n  

t he  s t u d i o  t o  r ehea r s e  and d e l i v e r  a  20-minute l esson .  

A l l  Te lesecundar ia  l e s s o n s  a r e  t r a n s m i t t e d  over  XHGC-TV, 

Channel 5  i n  Mexico C i t y ,  o r  over  XW-TV, Channel 6 ,  a  r e p e a t e r  

s t a t i o n  i n  Las L a j a s ,  Veracruz. Mexican l a w  r e q u i r e s  commercial 

b roadcas t e r s  t o  dona te  12.5% of t h e i r  b roadcas t  time f o r  

government use ,  a l though  t h i s  r u l e  ha s  r a r e l y  been enforced .  

Channel 5  has  f a r  exceeded t h i s  r e q u i r e w n t ,  dona t ing  over  40% 

of  i ts broadcas t  day t o  Te lesecundar ia .  The growth of t h e  

BEST AVAILABLE COPY 



Telesecundaria  system, however, has been l imi t ed  by the f a c t  t h a t  i t  

must r e l y  s o l e l y  on t h a t  channel.  Coverage has  been confined t o  

those  a r e a s  a b l e  t o  r ece ive  Channel 5 ' s  s i g n a l :  t h e  Federal  D i s t r i c t ,  

and the  s t a t e s  of Mexico, Hidalgo, Pb re lo s ,  Oaxaca, Puebla,  T laxca la ,  

and Veracruz. A p r o j e c t  was i n i t i a t e d  i n  1969 t o  send taped l e s sons  

by plane t o  t he  no r the rn  s t a t e  of Sonora, but t h i s  e f f o r t  was d i s -  

continued because of admin i s t r a t i ve  and schedul ing d i f f i c u l t i e s .  

U t i l i z a t i o n  

Table X I . l  r e p o r t s  s t uden t  enrollment i n  Telesecundaria  from 

i t s  incept  ion through the 1971-1972 school  year .  Expansion proceeded 

by adding one grade t o  t h e  system each yea r ,  and by 1970 Tele- 

secundar ia  was s e rv ing  about 5% of t he  t o t a l  secondary school  e n r o l l -  

ment i n  its e i g h t  s t a t e  reg ion ,  o r  approximately 3% of t h e  e n t i r e  

Mexican secondary school  populat ion.  There have been more r eques t s  

by communities t o  e s t a b l i s h  Telesecundaria  f a c i l i t i e s  than t h e  Audio 

Visual  Department has  been a b l e  t o  handle ,  due p r imar i l y  t o  l i m i t a -  

t i o n s  i n  t h e  funds a v a i l a b l e  from SEP t o  h i r e  classroom t eache r s .  

Since t he  t e l e v i s i o n  l e s sons  a r e  broadcast  over an open c i r c u i t  

commercial network, t h e r e  is t h e  p o s s i b i l i t y  of u t i l i z i n g  t h e  system 

t o  provide secondary school ing on an informal  b a s i s  t o  a d u l t  members 

of t h e  populace. Some e f f o r t s  were made towards t h i s  end e a r l y  i n  

~ e l e s e c u n d a r i a ' s  h i s t o r y ,  bu t  t he  s u b s t a n t i a l  admin i s t r a t i ve  

appara tus  needed t o  monitor such an a c t i v i t y  discouraged i t s  

cont inua t ion .  A t  t he  presen t  t i m e  any such informal  work i s  not  

monitored o r  c r e d i t e d ,  and i t s  ex t en t  i s  unknown. 

A s  mentioned prev ious ly ,  t h e  product ion l e v e l  of t h e  

Telesecundaria  system i s  h igh ,  a s  t e l e v i s i o n  is  used t o  t ransmi t  a 

l a r g e  amount of t he  formal i n s t r u c t i o n .  Each yea r  a t y p i c a l  

s t uden t  r e c e i v e s  approximately 1,080 20-minute programs, t h a t  i s ,  

about 360 hours  of t e l e v i s e d  i n s t r u c t i o n .  



TABLE X I .  1 

STUDENT ENROLLMENT I N  TELESECLJN1)tlR I A  

7th grade 

8th grade 

9th grade 

Totals 



E f f e c t i v e n e s s  -- 

.4s repor ted  i n  both Klees (1975) and Mayo, McAnany, and Klees 

(1975) ,  p r e t e s t s  and p o s t t e s t s  i n  Spanish,  mathematics,  and 

chemist ry  were admin is te red  t o  a  l a r g e  random sample of  9 t h  

grade s t u d e n t s  i n  t h e  Te lesecundar ia  and t r a d i t i o n a l  systems over  

a  semes te r  per iod  i n  1972. Both groups scored  a t  almost t h e  same 

l e v e l s  on t h e  p r e t e s t s ,  and t h e  g a i n s  f o r  t h e  Te lesecundar ia  group 

were somewhat l a r g e r  than t hose  f o r  t h e  d i r e c t  t each ing  group ( t h e  

d i f f e r e n c e  i n  ga in  s c o r e s  was s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  . O 1  

l e v e l )  i n  a l l  t h r e e  s u b j e c t s .  However, s i n c e  s t u d e n t ,  t e a c h e r ,  and 

gene ra l  system c h a r a c t e r i s t i c s  d i f f e r  s u b s t a n t i a l l y  between 

Te lesecundar ia  and t h e  t r a d i t i o n a l  system,  i n  a d d i t i o n  t o  t h e  t e l e -  

v i s i o n ,  n o n t e l e v i s i o n  d i f f e r e n c e ,  a  s imple  comparison of means is 

no t  an  adequa te  comparison of r e l a t i v e  e f f e c t i v e n e s s .  Klees (1975, 

Chapter V) compares t h e  two systems through r e g r e s s i o n  a n a l y s i s ,  

c o n t r o l l i n g  f o r  a  l a r g e  number of v a r i a b l e s  i nc lud ing  community 

c h a r a c t e r i s t i c s ,  s t uden t  background, a t t i t u d e s ,  and a s p i r a t i o n s ,  

t e a c h e r  educa t i on ,  exper ience ,  and c lassroom behavior ,  and c l a s s  

s i z e ,  and s t i l l  f i n d s  t h a t  t e l e v i s i o n  c o n t r i b u t e s  s i g n i f i c a n t l y  t o  

s t uden t  l e a r n i n g .  Th is  f i n d i n g  ho lds  t r u e  f o r  both low a b i l i t y  and 

high a b i l i t y  s t u d e n t s ,  a l though  t h e  e f f e c t  is  somewhat s t r o n g e r  f o r  

middle l e v e l  s t u d e n t s .  

The r e s u l t s  above were e s p e c i a l l y  i n t e r e s t i n g  i n  t h e  l i g h t  of  

t h e  many c a s u a l  judgments t h a t  had been made as t o  t h e  l o w  q u a l i t y  

of Te l e secunda r i a ' s  i n s t r u c t i o n a l  program. Because t h e  b r o a d c a s t s  

a r e  open c i r c u i t ,  anyone may tune i n  and form an impress ion of 

program q u a l i t y ;  t h e  s imple  ' t a l k i n g  head' n a t u r e  of t h e  p resen ta -  

t i o n s  had caused many doubts  a s  t o  t h e  adequacy of such an i n s t r u c -  

t i o n a l  t echn ique .  Fu r the r  problems were caused by t h e  i n c l u s i o n  of  

t h e  Te lesecundar ia  system w i t h i n  t h e  Audio Visua l  Department of 

SEP, which is  a d m i n i s t r a t i v e l y  s e p a r a t e  from t h a t  d i v i s i o n  which is 

r e s p o n s i b l e  f o r  t he  t r a d i t i o n a l  secondary school  system admin i s t r a -  

t i o n .  Th i s  s e p a r a t i o n  caused some r i v a l r i e s  pnd probably c o n t r i b u t e d  



t o  t h e  l a c k  of expansion of Te lesecundar ia  i n  r e cen t  y e a r s .  Qui te  

r e c e n t l y ,  a f t e r  the  above s t u d i e s  were completed,  t h e  admin is t ra -  

t i o n  of t h e  Te lesecundar ia  system was t r a n s f e r r e d  t o  t h e  r e g u l a r  

secondary school  d i v i s i o n  w i th in  SEP and s e r i o u s  c o n s i d e r a t i o n  is  

be ing  given t o  a l t e r n a t i v e  expansion p o s s i b i l i t i e s .  

Looking a t  system e f f e c t i v e n e s s  a t  a  more macroscopic l e v e l ,  

bo th  Klees and Mayo, McAnany and Klees r e p o r t  on t h e  r e l a t i v e  

p o t e n t i a l  of t h e  two systems t o  e n r o l l  and g r adua t e  s t u d e n t s ,  and 

t h u s  t o  s a t i s f y  an  i n c r e a s i n g  s o c i a l  demand f o r  secondary school ing .  

Both systems were found t o  have i d e n t i c a l  d ropout ,  r e p e t i t i o n ,  

promotion,  and g r adua t i on  rates. Given t h e  r e l a t i v e l y  lower c o s t s  

of t h e  Te lesecundar ia  t h a t  w i l l  be  d i s cus sed  i n  Sec t i on  111, it 

fo l lows  t h a t  Te lesecundar ia  could e n r o l l  and gradua te  a lmost  60% 

more s t u d e n t s  than  t h e  t r a d i t i o n a l  system,  given equa l  budgets .  

Unfor tuna te ly ,  no in format ion  r e f l e c t i n g  r e l a t i v e  system long- 

run b e n e f i t s  e x i s t s .  Mayo, McAnany, and Klees  a t t empted  t o  do a  

fo l low up survey of  system g radua t e s ,  bu t  a d m i n i s t r a t i v e  problems 

and r e sou rce  c o n s t r a i n t s  made t h i s  t a s k  too  d i f f i c u l t  t o  complete. 

The Te lesecundar ia  g radua te  r e c e i v e s  a  r e g u l a r  secondary school  

diploma; however, t he  diploma does  s t a t e  whether i t  was awarded by 

a  t e l e s c h o o l  o r  a  t r a d i t i o n a l  one. Whether t h e  Te lesecundar ia  

diploma w i l l  have t h e  same m a r k e t a b i l i t y  a s  t h a t  of t he  t r a d i t i o n a l  

system i s  s t i l l  an open ques t ion .  

F i n a l l y ,  one important  po in t  r e l e v a n t  t o  long-run b e n e f i t s ,  

t h a t  does  no t  r e f l e c t  on t h e  e f f e c t i v e n e s s  of Te l e secunda r i a ,  

v i s -a -v i s  o t h e r  a l t e r n a t i v e  i n s t r u c t i o n a l  t echn iques ,  c e n t e r s  on 

t he  problem of r u r a l  educa t i on  and r u r a l  development. From responses  

t o  q u e s t i o n s  on t h e i r  a t t i t u d e s  and a s p i r a t i o n s ,  i t  is  ev iden t  t h a t  

many r u r a l  youths  look  on secondary school ing  a s  a  means t o  l e ave  

t h e  r u r a l  a r e a s  f o r  t h e  c i t y ,  t o  compete i n  t h e  urban employment 

market.  Most urban a r e a s  of Mexico, e s p e c i a l l y  t h e  c a p i t a l  c i t y ,  

a r e  a l r e a d y  overcrowded and unemployment i s  a  s e r i o u s  problem. 

Unfor tuna te ly ,  i t  seems l i k e l y  t h a t  t h e  urban mig ra t i on  of t h e s e  

youths  w i l l  o f t e n  be met by a  l a c k  of  s u f f i c i e n t  employment o p p o r t u n i t i e s .  



2 .  SYSTEM COSTS 

Year by Year Cos t s  

E s t i m a t e s  o f  t h e  h i s t o r i c a l  and p r o j e c t e d  c o s t s  of t h e  Tele- 

s e c u n d a r i a  sys tem a r e  g iven  i n  Table  XI.2 on a  y e a r  by y e a r  b a s i s ,  

f o r  t h e  twenty y e a r s  fo l lowing  p r o j e c t  i n c e p t i o n .  The c o s t s  p r e s e n t e d  

a r e  t o t a l  c o s t s  t o  Mexico a s  a whole, i n c l u d i n g  c o s t s  i n c u r r e d  by 

l o c a l  communities, s t u d e n t s  and t h e i r  f a m i l i e s ,  and o t h e r  groups 

w i t h i n  t h e  p r i v a t e  s e c t o r ,  as w e l l  a s  d i r e c t  governmental  o u t l a y s .  

The p r o j e c t e d  c o s t s  a r e  based on t h e  assumption t h a t  s t u d e n t  e n r o l l -  

ment grows at  a r a t e  o f  5% a n n u a l l y  and c o n t i n u e s  t o  f u n c t i o n  o n l y  

w i t h i n  t h e  p r e s e n t  e i g h t  s t a t e  reg ion  which is  reached by t h e  s i g n a l  

of Channel 5.  The d e t a i l e d  assumptions  on which t h e  c o s t  e s t i m a t e s  

a r e  based a r e  found i n  t h e  f o o t n o t e  t o  t h e  t a b l e .  

Annualized Cost Func t ions  

Based on t h e  in format ion  p r e s e n t e d  i n  t h e  p r e v i o u s  s u b s e c t i o n ,  

we can d e r i v e  an approximate  annua l ized  c o s t  f u n c t i o n  f o r  t h e  i n s t r u c -  

t i o n a l  t e l e v i s i o n  component of T e l e s e c u n d a r i a ,  of t h e  fo l lowing  form: 

where TC = t o t a l  system c o s t s ,  

N = t h e  number of s t u d e n t s  e n r o l l e d  i n  t h e  sys tem,  

h  = t h e  number of hours  of programming b r o a d c a s t ,  

F  = f i x e d  system c o s t s ,  

VN = v a r i a b l e  c o s t  pe r  s t u d e n t ,  

and Vh = v a r i a b l e  c o s t  p e r  hour.  

A long-run p o i n t  of view is  taken  below i n  t h a t  it i s  assumed 

t h a t  t h e r e  a r e  no f i x e d  system c o s t s  ( t h a t  i s ,  F  = 0 ) - - a l l  c o s t s  v a r y  

d i r e c t l y  w i t h  t h e  number of hours  b r o a d c a s t  o r  t h e  number o f  s t u d e n t s  

i n  t h e  system. For s h o r t  run ,  marg ina l ,  expansion a l t e r n a t i v e s ,  

such may n o t  b e  t h e  c a s e ;  t h a t  is, f o r  example, t h e r e  may be s u f f i c i e n t  



T M L E  1 I .  1 

COSTS OF rn IN COWONWTS OF TELESLCUHDMIA MU V T I L ~ W T I O N ~  

( i n  thousanda of 1972 L'. S.  d o l l a r a )  
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:i:. . x r  o f  S tuden t s  
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 he a s s u m t i o n e  under lying the  c o s t  d a t a  presented a r e  d e t a i l e d  below: 

Produrt ion f a c i l i t y .  Thia only inc ludes  the  c o s t s  of the  f o u r  t e l e v i s i o n  s t u d i o s .  u o t h e r  p r d u c t i o n  m d  h i n i s t r a t i v e  o p e r a t i o n s  preueosly  u t i l i z e  
encesa space wi th in  the  Audio Visual  Department of SEP. There a r e  four  s t u d i o s ,  cons t ruc ted  over a  t w - y e a r  per iod.  a t  a  c o s t  of $32.000 per s r u d l o ,  
and they a r e  a s a m d  t o  have a  twenty-year l i f e .  

Product ion equipment. Th i s  inc ludes  the  c o a t s  of 8 tud io  equipment and videotapes .  S t u d i o  equipment co8 t  $204,000. was purchased In t h e  t w  vea r s  p r i o r  
t o  i n i t i a l  ope ra t ion .  and i s  sssumed t o  have a  ten-year l i f e .  The p resen t  s t o c k  of 1500 hour l eng th  video tapea,  c o s t i n g  $240 pe r  t a p e ,  was purchaaed 
over  the  f i r s t  a i l  y e a r s  of the  p r o j e c t .  I t  is assumed t h a t  t apes  a r e  uscd once only.  10% of  the  p r o g r m i n g  is taped (a s  was the  case  in 19721, 
and t h a t  a f t e r  12 yearn: when the  p resen t  s tock  i s  exhausted,  nev tapea w i l l  be purchaaed a s  needed. 

Product ion ope ra t iona .  h i s  includea the  c o s t s  o f  production admin i s t r a t ion .  l a i n t m m c e ,  m d  t e l e t e a c h e r a .  Theae coa t s  a r e  a a a m d  t o  r e u h  cona tan t .  
i n  r e a l  t e r n .  a t  their re spec t ive  1972 va lues  o f  $220,000. $120.000. and $104,MW). In t h e  f i r s t  t h r e e  yea r s  of the  p r o j e c t  t hese  c o a t s  a r e  arsumed 
t o  be proportional t o  the  number of grades  covered. 

Transmission opvra t ions .  Since t ransmission time Is donated. t h i s  f i g u r e  r e f l e c t a  an e a t i u t e  of the  comte of broadcast in8 1080 houra snoua l ly  on a 
system o f  rhe same s i z e  and p w e r  aa  Channel 5. Lover c o a t s  i n  e a r l y  year. r e f l e c t  t h e  reduced houra of b roadc l s t  r e a u l t i n g  from f u e r  g rades  covered. 

Receptlon equil--;.nt. The p r i c e  of a  t e l e v i a i o n  r ece ive r  is a s a l r c d  t o  bc $280. r b i c h  ia  a d a t  hi8h w a s  t o  inc lude  the  c o s t  o f  m t t n n u .  &re  
ne ,ded .  ?:I<. number of r e c e i v e r s  needed is assumed p ropor t iona l  t o  the  nrpbcr  of a t u d m t a  e n r o l l e d ,  wi th  the  average c l a s s  s i z e  e 8 t h a t e d  a t  23 
s t ~ r l e n t s .  

Reception equipment replacement. Thia assllaea a  fivm-year l i f e  f o r  t e l e v i a l m  r e c e i v e r s .  

Reception maintenance and o p e r a t i m a .  The c o a t  o f  m i n t a i n i n ~  and o p e r a t i n g  the  r ecep t ion  e q u i p u o t  each y e a r  i r  a a a l r c d  t o  k 10 of  the t o t a l  c o s t a  
of r e c e p t i o n  equipmmt Ln opera t ion  in any p a r .  

Number o i  s t u d e n t . .  P r i o r  t o  1973 the  a c t u a l  number o f  s t u d e n t s  i n  t h e  v a t -  is  u t i l i z e d .  It i a  hypothcaized t h a t  a f t e r  t h a t  t b  a o r o l l r m t  g r o w  
at a  r a t e  of 5% annua l ly .  
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excess  c a p a c i t y  to  expand produc t ion  wi thou t  b u i l d i n g  a new s t u d i o ,  

o r  having new t e l e t e a c h e r s .  However, f o r  t h e  long r u n ,  and i n  

terms of p lann ing  i n f o r m a t i o n  f o r  i n i t i a t i n g  a  s i m i l a r  p r o j e c t ,  

t h e  assumption t h a t  a l l  c o s t s  a r e  v a r i a b l e  is r e a s o n a b l e .  Below 

we w i l l  examine t h e  c o s t  f u n c t i o n s  f o r  each ITV system component-- 

p r o d u c t i o n ,  t r a n s m i s s i o n ,  and recep t ion- -a t  a l t e r n a t i v e  s o c i a l  r a t e s  

of d i s c o u n t  o f  0 % ,  7 .52,  and 15%. A l l  c a l c u l a t i o n s  a r e  based on 

t h e  i n f o r m a t i o n  p r e s e n t e d  i n  Table  XI.2 and i t s  f o o t n o t e .  

P roduc t ion  c o s t s  a r e  a l l  assumed t o  v a r y  d i r e c t l y  w i t h  t h e  

number of  hours  t h e  system b r o a d c a s t s ,  which i n  1972 was approxi-  

mately  1,080. T r e a t i n g  t h e  s t u d i o s  and s t u d i o  equipment a s  c a p i t a l  

c o s t s  t o  be annua l ized  o v e r  t h e i r  r e s p e c t i v e  l i f e t i m e s  and the  c o s t s  

of p e r s o n n e l ,  equipment maintenance,  and v i d e o t a p e s  a s  r e c u r r e n t  

c o s t s ,  w e  a r r i v e  at  a  t o t a l  c o s t  of p roduc t ion  e q u a l  t o  $472 p e r  

hour assuming t h e  f u t u r e  is no t  d i s c o u n t e d ,  $490 p e r  hour w i t h  a  

7.5% r a t e  of d i s c o u n t ,  and $513 at a 15% i n t e r e s t  r a t e .  

Transmiss ion c o s t s  a r e  a l s o  assumed t o  va ry  d i r e c t l y  w i t h  t h e  

number o f  hours  o f  programming b r o a d c a s t .  A c t u a l l y ,  t r a n s m i s s i o n  

c o s t s  shou ld  v a r y  w i t h  t h e  s o c i a l  r a t e  o f  d i s c o u n t  chosen;  however, 

i n  t h i s  i n s t a n c e  we a r e  b a s i n g  o u r  c a l c u l a t i o n  on t h e  imputed oper-  

a t i n g  c o s t s  of  Channel 5  and do no t  have s u f f i c i e n t  i n f o r m a t i o n  t o  

b reak  down c o s t s  i n t o  c a p i t a l  and r e c u r r e n t .  We t h e r e f o r e  use  t h e  

$52,000 annua l  o p e r a t i n g  c o s t  f i g u r e ,  which y i e l d s  a  c o s t  p e r  

b roadcas t  hour  o f  $48. 

Recept ion c o s t s  a r e  assumed t o  v a r y  d i r e c t l y  w i t h  t h e  number of  

s t u d e n t s  i n  t h e  system. I n  a c t u a l i t y  t h i s  should  o n l y  be t r u e  of 

r e c e p t i o n  equipment and maintenance,  w h i l e  o p e r a t i o n a l  c o s t s  should  

vary d i r e c t l y  w i t h  t h e  number of hours  o f  r e c e i v e r  o p e r a t i o n  (which 

i s  u s u a l l y  p r o p o r t i o n a l  t o  hours  b r o a d c a s t ) .  Again,  u n f o r t u n a t e l y ,  

we do no t  have s u f f i c i e n t l y  d e t a i l e d  i n f o r m a t i o n  t o  accomplish  t h i s  

breakdown and t h e r e f o r e  a l l  r e c e p t i o n  c o s t s  a r e  assumed v a r i a b l e  

w i t h  N . T r e a t i n g  t h e  t e l e v i s i o n  r e c e i v e r  a s  a  c a p i t a l  e x p e n d i t u r e  

whose c o s t  i s  a n n u a l i z e d  o v e r  a  5-year l i f e t i m e ,  and maintenance 



anJ  o p e r a t i o n a l  c o s t s  a s  r e c u r r e n t  c o s t s ,  we o b t a i n ,  assuming an 

, ivcragc c l a s s  s i - c  of 23  s t u d e n t s ,  t h e  t o t a l  c o s t s  of reception t o  

be S 3 . h 5  p e r  s t ~ i ~ l t ~ n t  when t h e  f u t u r e  i s  no t  d i s c o u n t e d ,  $4.23 per  

s t u d e n t  a t  a  7.5% d i s c o u n t  r a t e ,  and $4.85 a t  a 152 r a t c .  

Below w e  may summarize the  t o t a l  c o s t  f u n c t i o n  and t h e  average  

c o s t  i n f o r m a t i o n  f o r  t h e  y e a r  1972 a s  f o l l o w s :  

ACN / V  c o s t  p e r  
T o t a l  Cost Equa t ion  5 N S t u d e n t  Hour 

The c o s t  i n £  ormat ion above assumes an enro l lment  of 29,000 

s t u d e n t s  and t h a t  each  s t u d e n t  views approx imate ly  360 hours  of 

i n s t r u c t i o n a l  t e l e v i s i o n  l e s s o n s  d u r i n g  t h e  y e a r  (based on 1 , 0 8 0  

hours  d i s t r i b u t e d  among t h r e e  g r a d e s ) .  I t  should  be no ted  t h a t  not  

d i s c o u n t i n g  t h e  f u t u r e  may cause  one t o  u n d e r s t a t e  sys tem c o s t  by 

a lmost  12% ($23.02 v s .  $25.74).  The r e l a t i v e l y  low v a l u e  of t h e  r a t i o  

of ave rage  c o s t  p e r  s t u d e n t  (AC ) t o  v a r i a b l e  c o s t  p e r  s t u d e n t  (V ) 
N N 

i n d i c a t e s  t h a t  some economies of s c a l e  have a l r e a d y  been a c h i e v e d ,  

a l t h o u g h  c o s t s  p e r  s t u d e n t  cou ld  be s t i l l  lower i f  e n r o l l m e n t s  

expand. 

AC ' s  
i j 

A s  d i s c u s s e d  i n  Chapter  11, we can u t i l i z e  t h e  i n f o r m a t i o n  

p r e s e n t e d  i n  t h e  y e a r  by y e a r  c o s t  t a b l e  above t o  d e r i v e  summary 

measures  o f  t h e  average  c o s t s  p e r  s t u d e n t  o f  t h e  p r o j e c t ,  which t a k e s  

i n t o  accoun t  changing u t i l i z a t i o n  o v e r  t ime.  S p e c i f i c a l l y ,  we can 

compute AC , t h a t  i s ,  t h e  average  c o s t  p e r  s t u d e n t  from y e a r  i 
i d  

t o  y e a r  j where:  



-1 k- i  
c c k / ( l  + r )  
L 

The formula  above p r o v i d e s  a  measure of  ave rage  c o s t s  t h a t  d i s c o u n t s  

t h e  f u t u r e  f o r  b o t h  c o s t s  and s t u d e n t  u t i l i z a t i o n .  T h i s  p r o v i d e s  a 

more i n t e r e s t i n g  and u s e f u l  measure than t h e  average  c o s t  f i g u r e  

d e r i v e d  i n  t h e  p r e v i o u s  s e c t i o n  s i n c e  t h e  l a t t e r  o n l y  t a k e s  i n t o  

account  u t i l i z a t i o n  a t  one  p o i n t  i n  t ime .  The AC measure a l s o  
i j 

a l l o w s  t h e  p r o j e c t  p l a n n e r  t o  de te rmine  t h e  l e n g t h  of  t ime t h e  p r o j e c t  

needs  t o  c o n t i n u e  t o  permit  u n i t  c o s t s  t o  f a l l  t o  a  r e a s o n a b l e  l e v e l .  

It a l s o  p e r m i t s  one t o  l o o k  a t  p r o j e c t  c o s t s  from d i f f e r e n t  p o i n t s  

i n  t ime o v e r  t h e  l i f e  of  t h e  p r o j e c t .  

Table  XI.3,  XI.4,  and XI.5 p r e s e n t  t h e  AC 's f o r  s e l e c t e d  
i j 

y e a r s  o f  t h e  i n s t r u c t i o n a l  t e l e v i s i o n  component of  T e l e s e c u n d a r i a  

a t  s o c i a l  r a t e s  of  d i s c o u n t  of  0%,  7 .52 ,  and 15% r e s p e c t i v e l y .  

They s e r v e  t o  i l l u s t r a t e  s e v e r a l  p o i n t s .  F i r s t ,  c o s t s  d e c r e a s e  q u i t e  

r a p i d l y  a s  we p r o j e c t  t h e  con t inuance  o f  T e l e s e c u n d a r i a  f o r  more than  

a  few y e a r s .  For  example, i f  T e l e s e c u n d a r i a  were t o  be  d i s c o n t i n u e d  

n e x t  y e a r ,  t h e  average  c o s t  p e r  s t u d e n t  o v e r  t h e  l i f e t i m e  o f  t h e  

p r o j e c t  (AC 
1966, 1976 

) would be o n l y  $30 ( a t  a  7.5% i n t e r e s t  r a t e ) .  

Assuming a  20-year l i f e t i m e ,  t h e  average  c o s t  (AC 
1966,  1986 

) would 

be c o n s i d e r a b l y  l e s s ,  $23. 

Second, we s e e  t h a t  i n  g e n e r a l ,  t h e  p r o j e c t  c o s t  p i c t u r e  changes 

as we examine i t  from d i f f e r e n t  p o i n t s  i n  t ime and w i t h  d i f f e r e n t  

a s sumpt ions  a s  t o  i t s  d u r a t i o n .  A s  we assume a  l o n g e r  p r o j e c t  l i f e -  

t ime ,  ave rage  c o s t s  u s u a l l y  d e c l i n e ,  due p r i m a r i l y  t o  e n r o l l m e n t  

i n c r e a s i n g  f a s t e r  than  t o t a l  c o s t s  ( a s  i s  t r u e  i n  most i n s t r u c t i o n a l  

t echno logy  p r o j e c t s ) .  We a l s o  s e e  t h a t ,  i n  g e n e r a l ,  t h e  f u r t h e r  

i n t o  t h e  p r o j e c t  we a r e ,  t h e  l e s s  expens ive  i t  is  t o  c o n t i n u e ,  due 

p r i m a r i l y  t o  many i n i t i a l  p r o j e c t  development expenses  becoming sunk 

c o s t s ,  and due a l s o  t o  e n r o l l m e n t  expans ion .  



TABLE X I .  3 

AVERAGE COSTS OF THE 1TV COMPONENTS OF TELESECLINDARIA FROM 

YEAR i to YEAR j (INTEREST RATE = O X )  

T o  Year j 

1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 
- - -- - 

F r o m  Year i 

1966 185 55 35 30  27 25 24  22 2 1  20 

1969 33 25 24 23 2 1  2 1  20 19  1 8  

1 9 7 1  20  20  20 2 0 19  1 8  1 8  1 7  

1972 1 8  20 20  19 1 9  1 8  17 17  

1973 2 1 2 1  20 1 9  1 8  17  17  

1974 2 1  20 1 9  19  1 8  1 7  1 6  

1975 20 1 9  1 9  1 7  1 7  16  

1976 2 0 1 9  1 9  1 7  17  1 6  

1977 1 8  1 8  1 7  1 6  1 6  

1978 1 8  1 8  16  16  15 

1980 17  15 1 5  15 

1984 15 1 4  



TABLE X I .  4 

AVERAGE COSTS OF THE ITV COMPONENTS OF TELESECUNDARIA FROM 

YEAR i to YEAR j (INTEREST RATE = 7.5%) 

T o  Y e a r  j 

1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 

From Y e a r  i 

1966 198 59 39 33 30 28 27 2 5 24 23 

1969 33 26 24 23 22 2 2 2 1 2 0 19 

19 7 1 20 20 20 20 20 19 18 18 

1972 18 20 20 20 19 18 18 17 

1973 21 21 20 19 18 18 17 

1974 21 21 20 19 18 18 17 

1975 20 19 19 18 17 17 

1976 20 19 19 17 17 16 

1977 18 18 17 16 16 

1978 18 18 17 16 16 

1980 17 15 15 15 

1984 15 14 



TABLE XI .5 

: I V E R L ~ ~ : ~  C'OS'I'S OF 'I'HK 1TV COMPONENTS 0 F 'l'l:l ,I:, Sl.:l:UNDAR I A FROM 

YEAR i to YEAR j (INTEREST RATE - 15X) 

To Year j 

1968 1970 1972 1974 1976 1978 1980 1982 1984 1986 
- - - -  -- - - 

From Year i 

1966 210 64 43 37 3 4 3 2 30 29 28 28 

1969 33 26 2 5 24 23 23 22 21 21 

19 7 1 20 20 20 20 20 19 19 19 

1972 18 20 20 20 19 19 18 18 

1973 21 21 20 20 19 18 18 

19 74 2 1 2 1 2 0 19 19 18 18 

1975 20 19 19 18 18 17 

1976 20 19 19 18 17 17 

1977 18 18 17 16 16 

1978 18 18 17 16 16 

1980 17 15 15 15 

1984 15 14 



F i n a l l y ,  we obse rve  t h a t  t h e  c h o i c e  o f  a  d i scoun t  r a t e  i s  q u i t e  

i m p o r t a n t :  a s  t h e  o p p o r t u n i t y  c o s t s  o f  r e s o u r c e s  become g r e a t e r ,  

s o  do t h e  r e a l  c o s t s  of t h e  p r o j e c t .  Neg lec t ing  t h e  d i s c o u n t  r a t e  

( t h a t  i s ,  choos ing  a  z e r o  d i s c o u n t  r a t e ) ,  a s  many c o s t  s t u d i e s  

u n f o r t u n a t e l y  do ,  s e r v e s  t o  u n d e r s t a t e  p r o j e c t  c o s t  s u b s t a n t i a l l y ,  

even more s o  than  t h e  average  c o s t  f i g u r e  d e r i v e d  i n  t h e  p r e v i o u s  

s e c t i o n  f o r  1972,  s i n c e  u t i l i z a t i o n  was n o t  d i s c o u n t e d  i n  t h i s  

l a t t e r  f i g u r e .  For example, i f  we look a t  t h e  average  c o s t  pe r  

s t u d e n t  from 1966 t o  1986 ( t h a t  i s ,  assuming a 20-year l i f e t i m e  f o r  

T e l e s e c u n d a r i a ) ,  n o t  t a k i n g  t h e  v a l u e  of  r e s o u r c e s  over  t ime i n t o  

account  ( t h a t  i s ,  u s i n g  a  z e r o  d i s c o u n t  r a t e )  can r e s u l t  i n  under-  

s t a t i n g  c o s t s  by a lmost  30% i f  t h e  a p p r o p r i a t e  r a t e  i s  15% ( t h a t  

i s ,  $20 p e r  s t u d e n t  v s .  $28 p e r  s t u d e n t ) .  

D i s c u s s i o n  

Given t h e  r e l a t i v e l y  low u t i l i z a t i o n  of  T e l e s e c u n d a r i a ,  i t  is  

a s u r p r i s i n g l y  inexpens ive  sys tem.  A s  can be  s e e n  by a  c l o s e  look  

a t  Chapter  1 1 1 ,  T e l e s e c u n d a r i a  is  l e s s  c o s t l y  than  many 

of the  o t h e r  ITV sys tems .  I t  i s  pe rhaps  c l o s e s t  i n  form t o  

t h a t  i n  E l  Sa lvador  ( t h e  ' secondary s c h o o l  o n l y '  a l t e r n a t i v e ) ,  whose 

average  c o s t  p e r  s t u d e n t  was s i m i l a r  f o r  1972,  even though t h e  

E l  Sa lvador  sys tem was s e r v i n g  65% more s t u d e n t s  than  T e l e s e c u n d a r i a ;  

f u r t h e r ,  c o s t s  p e r  s t u d e n t  hour  were c o n s i d e r a b l y  lower f o r  

T e l e s e c u n d a r i a ,  $.067 v e r s u s  $ . I 4 3  ( a t  a  7.52 i n t e r e s t  r a t e )  f o r  

E l  S a l v a d o r .  The c o s t  comparison between t h e  two sys tems  would 

f a v o r  T e l e s e c u n d a r i a  even more i f ,  s i m i l a r  t o  t h e  E l  Sa lvador  

sys tem,  i t  were o p e r a t i n g  i n  urban a r e a s  w i t h  an average  c l a s s  s i z e  

of  45,  a s  opposed t o  f u n c t i o n i n g  i n  r u r a l  a r e a s  w i t h  an  average  

c l a s s  s i z e  of  o n l y  23 s t u d e n t s .  (The AC 's f o r  T e l e s e c u n d a r i a  
i j 

a r e  h i g h e r  t h a n  t h o s e  f o r  E l  S a l v a d o r ,  due t o  t h e  s u b s t a n t i a l l y  

h i g h e r  u t i l i z a t i o n  p r o j e c t e d  f o r  t h e  l a t t e r  system--see Chapter  V I I I . )  

One of  t h e  pr imary r e a s o n s  f o r  t h e  low o v e r a l l  c o s t  o f  Te le -  

s e c u n d a r i a  i s  i t s  low p r o d u c t i o n  c o s t .  As we have s e e n  i n  an  e a r l i e r  



.;ribsc.~.t i (in, L , \ . ~ I I  111 i 1 i - i n g  a 15% d i s c o u n t  r a t < , .  prt3~111ct i o n  ( . D S ~ S  

1 -  I -  1 i ~ n  I 1 I  Y 5  3 .  Scl1r;imm ( 19; 1 )  repol-t s 

~v l> lc . s l  ~ > r ~ > c l ~ ~ c - t  ~ O I I  rest est  imatt3s f o r  s i m i l a r  T'I'V pl -0 jt3c.t~ in ot 11c.1- 

c.c>tnit r i e s  ralige l rum $1,200 t o  $2,000 p e r  h o u r ,  and i n d i c a t e s  ~ l l a t  Mc'xlc.o's 

T e l e s e c u n d a r i a  is  one of  t h e  l e a s t  expens ive  sys tems  of  i t s  k ind  i n  t h e  

world .  Of c o u r s e ,  v a r i a t i o n s  i n  p roduc t ion  c o s t s  a r e  n o t  n e c e s s a r i l y  i n d i c a -  

t i o n s  of  r e l a t i v e  e f f i c i e n c y ,  and more p robab ly  r e f l e c t  d i f f e r e n c e s  

i n  program . q u a l i t v  and pe rhaps  t h e r e f o r e  i n s t r u c t i o n a l  e f f e c t i v e n e s s  

( a l though  t h i s  l a t t e r  l i n k a g e  i s  f a r  from c l e a r ,  s e e  Schramm, 1972, 

and Chu and Schramm, 1967,  f o r  summaries of  t h e  e x i s t i n g  e v i d e n c e ) .  

T e l e s e c u n d a r i a  has  been o f t e n  c r i t i c i z e d  f o r  i n f e r i o r  program q u a l i t y  

and pe rhaps  r i g h t l y  s o ;  g iven  i t s  l i v e  p r e s e n t a t i o n  format and 

t ig l i t  p roduc t ion  s c h e d u l e ,  l i t t l e  o p p o r t u n i t y  e x i s t s  f o r  program 

improvement. I t  seems p o s s i b l e  t h a t  program qua1 i t v  cnu ld  bc improvcd 

:it l i t t l e  o r  no c o s t  through g r e a t e r  u s e  of  a v n i 1 : ~ I ~ l e  vit lc3c~t;q)in~: 

I - ; l c . i l i t i e s  ;incl ;a proposa l  f o r  such u s e  i s  prcsentc?d iri Klces  ( 1 9 7 5 ,  

Appendix B ) .  

3 .  COST COMPARISON WITH THE TRADITIONAL SYSTEM 

T e l e s e c u n d a r i a  i s  one o f  t h e  most i n t e r e s t i n g  ITV systems i n  

o p e r a t i o n  i n  t h e  world today s i n c e  i t  a p p e a r s  t o  be one of t h e  few 

t h a t  h a s  been shown t o  be c o s t - e f f e c t i v e  v i s - a - v i s  t h e  t r a d i t i o n a l  

d i r e c t  t e a c h i n g  system. We have a l r e a d y  seen i n  S e c t i o n  1 t h a t  

T e l e s e c u n d a r i a  a p p e a r s  t o  be a t  l e a s t  a s  e f f e c t i v e  a s  t h e  t r a d i t i o n a l  

d i r e c t  t e a c h i n g  sys tem;  below we compare T e l e s e c u n d a r i a  c o s t s  w i t h  

t h o s e  t h a t  would b e  n e c e s s a r y  f o r  t h e  t r a d i t i o n a l  sys tem t o  ex tend  

i t s  o p e r a t i o n  t o  t h e  a r e a s  i n  which t h e  T e l e s e c u n d a r i a  is  p r e s e n t l y  

o p e r a t i n g .  Ac tua l  c o s t s  of Mexico's  d i r e c t  t e a c h i n g  system a r e  

n o t  d i s c u s s e d  i n  t h i s  s e c t i o n  ( t h e  i n t e r e s t e d  r e a d e r  i s  r e f e r r e d  

t o  K l e e s ,  1975,  and Mayo, McAnany, and K l e e s ,  1975,  f o r  t h i s  i n f o r -  

mat ion)  s i n c e  t h e y  do n o t  form a r e l e v a n t  b a s i s  of  comparison; 

p r e s e n t l y  t h e  t r a d i t i o n a l  sys tem o p e r a t e s  mainly  i n  urban a r e a s  w i t h  
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Table  XI.6 p r e s e n t s  t h e  c o s t s ,  on a  p e r  s t u d e n t  b a s i s ,  of t l ~ e  

t o t a l  T e l e s e c u n d a r i a  sys tem,  i n c l u d i n g  t r a d i t i o n a l  components and 

ITV components, a l o n g  w i t h  t h e  c o s t s  p e r  s t u d e n t  n e c e s s a r y  f o r  t h e  

t r a d i t i o n a l  sys tem t o  accomplish  t h e  same t a s k .  We obse rve  t h a t  t o  

use t h e  t r a d i t i o n a l  d i r e c t  t e a c h i n g  system t o  b r i n g  secondary 

s c h o o l i n g  t o  r u r a l  a r e a s  would be much more expens ive  than  u s i n g  

T e l e s e c u n d a r i a ;  c o s t s  would b e  over  65% higher- .-$248 p e r  s t u d e n t  f o r  

t h e  t r a d i t i o n a l  sys tem v e r s u s  $149 pe r  s t u d e n t  f o r  T e l e s e c u n d a r i a .  

Cos t s  p e r  s t u d e n t  f o r  T e l e s e c u n d a r i a  cou ld  even be lower ,  t h u s  

i n c r e a s i n g  i t s  r e l a t i v e  c o s t  advan tage ,  i f  more t l ~ a n  29,000 s t u d e n t s  

were i n  t h e  sys tem,  s i n c e  f i x e d  (wi th  r e s p e c t  t o  s t u d e n t s )  c o s t s  o f  

1TV p r o d u c t i o n  and t r a n s m i s e i o n  would be sp rcnd  nvt-r a L,~rgc.r e n r o l l -  

ment. For example, w i t h  500,000 s t u d e n t s  us in^ 're1 e s c c u u d a r i a ,  t h e  

c o s t  p e r  s t u d e n t  would be abou t  $130 ( f o r  a  more d e t a i l e d  look  a t  

expansion a l t e r n a t i v e s  and c o s t s ,  s e e  S e c t i o n  4 ) .  

A s  is a p p a r e n t  from Table  XI.6,  t h e  c h i e f  r e a s o n  t h a t  T e l e s e c u n d a r i a  

h a s  a  s i g n i f i c a n t  c o s t  advantage o v e r  t h e  d i r e c t  t e a c h i n g  sys tem is 

due t o  i t s  use  of lower s a l a r y  t e a c h e r s  ( i n  a d d i t i o n ,  T e l e s e c u n d a r i a  

u s e s  lower c o s t  t e x t b o o k s ) .  Indeed,  t h i s  is t h e  r a i s o n  d l $ t r e  

f o r  T e l e s e c u n d a r i a .  The s a l a r y  of secondarv s c h o o l  t e a c h e r s  was 

almost  ( a t  t h e  t ime of t h e  s t u d y  two and h a l f  t imes  t h a t  of t h e  pr imary 

schoo l  t e a c h e r s  h i r e d  f o r  T e l e s e c u n d a r i a  c l ass rooms .  T h i s  c o s t  d i f -  

f e r e n t i a l  more than o f f s e t s  t h e  a d d i t i o n a l  c o s t s  o f  t h e  ITV 

component of  T e l e s e c u n d a r i a .  

I t  i s  n o t  c l e a r  how long  such a  l a r g e  c o s t  d i f f e r e n c e  w i l l  e x i s t  

between t h e  s a l a r i e s  of  pr imary and secondary s c h o o l  t e a c h e r s .  I n  

most developed c o u n t r i e s  t h e r e  i s  no l o n g e r  a  d i f f e r e n c e  i n  s a l a r i e s  

between t h e  two, which p robab ly  r e f l e c t s  t h e  e q u a l  amounts of 

e d u c a t i o n  r e q u i r e d  f o r  bo th  t h e s e  t e a c h e r  groups .  However, i n  most 

deve lop ing  c o u n t r i e s ,  a  s u b s t a n t i a l  d i s c r e p a n c y  i n  both  s a l a r y  and 

t r a i n i n g  i s  q u i t e  common, a l t h o u g h  t h e  gap may be narrowing somewhat. 
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TABLE X I .  6 

ANNUAL COST PER STUDENT OF TELESECUNDARIA VERSUS DIRECT T E A C H I N C ~  

' .  
Direc t  Teaohing Telesecundaria  

Trad i t iona l  Components b 

Administrat ion 

Classroom teachersC 203 

F a c i l i t i e s  - f u l l y  equipped 
classroom 

Student c o s t s  - books, 
uniforms, e t c .  d 

Sub-total 

ITV ~omponen t se 

Produc ti on 

Transmiss ion 

Reception 

Sub-total  

To ta l  - 
a More d e t a i l e d  information concerning t h e  b a s i s  of t hese  c o s t  ca l cu la -  

t i o n s  may be found i n  Kleea (1975; Table 111.1, Table 111.5, and Appendix A )  
and i n  h y o ,  kAnany, and Klees (1975; Table 11.3, Table 11.7, and Appendix 

b ~ d m i n i s t r s t i v e  and classroom f a c i l i t y  c o s t s  f o r  both s y s t e m  a r e  equal  
t o  those  given f o r  t h e  Telesecundaria  system i n  t h e  two sources above. 

C 
As s t a t e d  in t h e  above sources, t r a d i t i o n a l  system secondary school  

t eache r s  ea rn  $4,680 per yea r  while Telesecundaria  t eache r s  are drawn f r o m  
t h e  ranks of primary school  t eache r s  and earn  only $2,016 per  year .  Cost 
per s tuden t  es t imates  assume an average c l a s s  s i z e  of  23. 

See next  page f o r  remaining footnotes .  



,l'.lhlc Sl.6 (continued) 

' ~ t u d m t s  and t h e i r  fami l ies  pay t h e  ooats  of books, supplies ,  and 
uniforms. Uniforms c o s t  $4 per s tudent  in e i t h a r  system. Books f o r  the  
l1elesecun&ria systam a r e @  l e s s  per  s tudent  than those used f o r  t h e  
t r a d i t i o n a l  system; the l a t t e r  usar  general textbooks, while the  former 
uses books espec ia l ly  prepared f o r  and keyed t o  t h e  ins t ruc t iona l  t e l e -  
vision lessons.  

e 
These c o s t s  a r e  taken from Section 2, asauraIng 29,000 s tudents  In 

the  system a8 i n  1972 and a 7.5s s o c i a l  r a t e  of discount .  



I t  i s  q u i t e  i n t e r e s t i n g  t o  n o t e  t h a t  subsequent  t o  t h e  c o l l e c t i o n  of  

t h e  above dat.1 i n  1972, t h e  Te lesecundar in  t e a c h e r s  wrnt on s t r i k e ,  

pclrtly u s  n conseqllencc of s e e i n g  t h a t  t h e  r e s e a r c h  showcd TCLe- 

se t . r~ndar ia  t o  b r  c o s t - e f  f e c t  i v e  when compared w i t h  the  t r a d i t i o n a l  

sys tem,  and won a s a l a r y  i n c r e a s e .  None the less ,  secondary  school  

t e a c h e r  s a l a r i e s  have a l s o  i n c r e a s e d ,  and t h e  degree  t o  which t h e r e  

a r e  p o s s i b i l i t i e s  f o r  a lower c o s t  technology based i n s t r u c t i o n a l  

system w i l l  depend on t h e  a b s o l u t e  (not  r e l a t i v e )  d i f f e r e n c e  between 

t h e  s a l a r i e s  of t h e s e  two t e a c h e r  groups;  i t  appears  l i k e l y  t h a t  such 

a s u b s t a n t i a l  s a l a r y  gap w i l l  e x i s t  i n  most developing c o u n t r i e s ,  

i n c l u d i n g  Mexico, f o r  some t i m e  i n t o  t h e  f u t u r e .  

I t  should be no ted  t h a t  t h e r e  may be  p o l i t i c a l  problems 

a s s o c i a t e d  wi th  t h e  t y p e  of c a p i t a l - l a b o r  s u b s t i t u t i o n  which 

Te lesecundar ia  engages  in; i n  p a r t i c u l a r ,  t h e r e  may be  s t r o n g  r e s i s t -  

ance from secondary school  t e a c h e r  a s s o c i a t i o n s  o r  un ions  t o  t h e  use  

of o t h e r ,  lower-paid t e a c h e r s  i n  secondary s c h o o l s .  In  Mexico t h i s  

was not  a s i g n i f i c a n t  o b s t a c l e ,  due t o  a s h o r t a g e  of secondary school  

t e a c h e r s  a v a i l a b l e  and w i l l i n g  t o  work i n  r u r a l  communities; i n  

f a c t ,  t h e  c i rcumstances  were even more f o r t u n a t e  a s  t h e r e  was a l s o  

a s u r p l u s  of q u a l i f i e d  primary s c h o o l  t e a c h e r s .  Although t h i s  

combination may n o t  be  common t o  most c o u n t r i e s ,  t h e r e  i s  of t e n  a 

problem i n  developing c o u n t r i e s  i n  a t t r a c t i n g  s u f f i c i e n t  t e a c h e r s  t o  

r u r a l  a r e a s .  Thus, i t  i s  p o s s i b l e  t h a t  many c o u n t r i e s  could  t a k e  

advantage of a s u b s t i t u t i o n  such a s  t h a t  u t i l i z e d  by T e l e s e c u n d a r i a ,  

t o  i n c r e a s e  e d u c a t i o n a l  o p p o r t u n i t i e s  i n  r u r a l  a r e a s ,  wi thou t  a 

g r e a t  d e a l  of  r e s i s t a n c e .  The p o l i t i c a l  problems would, of  c o u r s e ,  

become much more s e r i o u s  i f  t h e  i n t e n t i o n  were t o  u t i l i z e  such a 

system i n  urban a r e a s ,  where e x i s t i n g  secondary school  t e a c h e r s '  

p o s i t i o n s  would be  t h r e a t e n e d .  

4. EXPANS ION ALTERNATIVES 

T e l e s e c u n d a r i a ' s  f u t u r e  i s  s t i l l  i n  q u e s t i o n ;  t h e r e  have been 

d i s c u s s i o n s  i n  r e c e n t  y e a r s  a s  t o  p o s s i b l e  ways i n  which t h e  sys tem 



may be expanded. Below we w i l l  examine some expansion a l t e r n a t i v e s ,  

bo th  w i t h i n  t h e  e i g h t  s t a t e  r e g i o n  where T e l e s e c u n d a r i a  p r e s e n t l y  

o p e r a t e s  and wi th  r e g a r d  t o  p o t e n t i a l  na t ionwide  coverage.  We w i l l  

o n l y  c o n s i d e r  expansion i n  terms of a  T e l e s e c u n d a r i a  a s  a  fo rmal  

secondary schoo l  sys tem;  t h e r e  h a s  been i n t e r e s t  i n  u t i l i z i n g  

T e l e s e c u n d a r i a  f o r  nonformal a d u l t  e d u c a t i o n ,  bu t  an a n a l y s i s  of th,lt 

o p t i o n  is  beyond t h e  scope of t h i s  r e p o r t .  Furt l lermore,  w c  w i l l  not 

c o n s i d e r  expans ion  through i n c r e a s i n g  c l a s s  s i z e  (except  f o r  expansion 

i n t o  urban a r e a s ,  where i t  w i l l  be assumed t h a t  T e l e s e c u n d a r i a  would 

o p e r a t e  w i t h  c l a s s  s i z e s  e q u a l  t o  t h o s e  o f  t h e  p r e s e n t  d i r e c t  teach-  

i n g  s y s t e m ) ,  a l t h o u g h  t h e  marg ina l  c o s t s  f o r  s o  do ing  i n  r u r a l  a r e a s  

a r e  low ($26 p e r  s t u d e n t  p e r  y e a r ,  c o n s i s t i n g  of  m i s c e l l a n e o u s  

s t u d e n t  borne  c o s t s  and i n c r e a s e d  a d m i n i s t r a t i v e  cos t s - - see  Tab le  

X I . 6 ) ;  t h i s  a l t e r n a t i v e ,  a l t h o u g h  t h e o r e t i c a l l y  v i a b l e ,  i s  p robab ly  

d i f f i c u l t  t o  accompl ish  on accoun t  of low p o p u l a t i o n  d e n s i t i e s  i n  

r u r a l  a r e a s .  The a n a l y s i s  below i s  a g a i n  based on t h a t  r e p o r t e d  i n  

Klees  (1975) and Mayo, McAnany, and Klees  (1975) ,  and t h e  i n t e r e s t e d  

r e a d e r  i s  r e f e r r e d  t o  t h o s e  s o u r c e s  f o r  more d e t a i l s .  

I E T e l e s e c u n d a r i a  were t o  expand i t s  e n r o l l m e n t  w i t h i n  t h e  

e x i s t i n g  e i g h t  s t a t e  r e g i o n  and r e s t r i c t  i t s e l f  t o  r u r a l  a r e a s ,  

a s  a t  p r e s e n t ,  t h e  a n n u a l  marg ina l  c o s t  p e r  s t u d e n t  of  expans ion  

would be $129, a s  can be  seen  from Table  XI.6 i n  S e c t i o n  3 ( t h e  

c o s t s  of  t h e  t r a d i t i o n a l  sys tem components of  T e l e s e c u n d a r i a  p l u s  

r e c e p t i o n  c o s t s ,  a l l  of which a r e  assumed t o  va ry  d i r e c t l y  w i t h  t h e  

number of  s t u d e n t s ) .  However, i f  T e l e s e c u n d a r i a  were t o  expand i n t o  

urban a r e a s  i n  d i r e c t  c o n j u n c t i o n  w i t h ,  o r  a s  a replacement  f o r ,  t h e  

t r a d i t i o n a l  d i r e c t  t e a c h i n g  sys tem,  i t s  c o s t s  cou ld  be  s u b s t a n t i a l l y  

d i f f e r e n t  from t h o s e  d i s c u s s e d  above.  

Tab le  XI.7 r e p r e s e n t s  a  rough approximat ion of  t h e  comparat ive  

c o s t s  of  t h e  T e l e s e c u n d a r i a ,  i f  i t  were t o  o p e r a t e  i n  urban a r e a s ,  

w i t h  t h o s e  of  t h e  t r a d i t i o n a l  sys tem.  The h i g h e r  admin i s t  r a t  i v e  

and c lass room f a c i l i t y  c o s t s  assumed i n  t h i s  c a s e ,  compared t o  t h o s e  

p r e s e n t e d  i n  Tab le  XI.6,  r e f l e c t  t h e  h i s t o r i c a l  o p e r a t i n g  c o s t s  of  

t h e  t r a d i t i o n a l  d i r e c t  t e a c h i n g  sys tem i n  Mexico's  secondary  s c h o o l s .  



TABLE XI.  7 

ANNUAL COST PER STUDENT OF TELESECUNDARIA VERSUS DIRECT 

TEACHING OPERATING IN AN URBAN  ENVIRONMENT^ 

Direct Teaching Teleseoundnria 

Tradit ional  Components 
b 

Administration 
C 

Classroom teachers 

F a c i l i t i e s  - fu l l y  equipped 
classroom 28 

Student cos t s  - books, 
uniforms, e t c .  

Subtotal 

d ITV Components 

Produc t i  on 

Transmission 

Reception 

Subtotal 

Total $ 200 $ 143 

a 
More deta i led information conoerning the  basis  of these cos t  calcula-  

t ions  may be found in Klees (1975, Appendices A and B) . 
b~dmin i s t r a t i ve  coats  and classroom f a c i l i t y  coats  a r e  higher than 

h o s e  assumed i n  Table XI.6 uhich re f lec ted  Telesecundaria's h i s t o r i c a l  
experience; the cos t s  f igures  u t i l i z e d  above a r e  the  ac tua l  h i s t o r i c a l  
cos t s  of the  t r ad i t i ona l  d i r ec t  teaching system in  Mexico, which has a 
much higher administrat ive overhead and employs much more expensive 
classroom f a c i l i t i e s  than does the rural-based Telesecundaria system. 

C Classroom teachers f o r  both systems a re  less expensive per student 
than was the case in  Table n . 6 ,  since in urban areas the average c l a s s  
s i z e  is 50 students.  

See next page for  remaining footnote. 



TABLE XI. 7 (continued) 

d ~ h e s s  cos t s  are taken from Section 2, assuming a 7.5% soc ia l  rats,  
and m enrollmant of 580,000 studants, whioh was that of the traditional 
system in the eight s ta te  region i n  1972. ~ ~ s m i s s i o n  c o s t s  per student 
are virtual ly  tero with such a high u t i l i t r t i o n .  



The d i f f e r e n c e  i n  c lass room t e a c h e r  c o s t s  i s  a r e s u l t  of an average  

c l a s s  s i z e  of 50 i n  urban a r e a s ,  a s  opposed t o  23 i n  r u r a l  a r e a s .  

The lower c o s t s  of p r o d u c t i o n  and t r a n s m i s s i o n  a r e  a r e s u l t  of 

assuming a much l a r g e r  sys tem e n r o l l m e n t  of 580,000 s t u d e n t s ,  

e q u a l  t o  t h a t  i n  1972 f o r  t h e  t o t a l  d i r e c t  t e a c h i n g  sys tem w i t h i n  

t h e  e i g h t  s t a t e  r e g i o n  t h a t  r e c e i v e s  t h e  s i g n a l  of Channel 5. I n  

sum, i f  T e l e s e c u n d a r i a  were t o  expand i n t o  urban a r e a s  and r e p l a c e  

t h e  t r a d i t i o n a l  system t h e r e ,  c o s t s  would be a lmost  30% lower t h a n  

t h e y  a r e  p r e s e n t l y  f o r  t h e  d i r e c t  t e a c h i n g  sys tem;  t h i s  would y i e l d  

a s a v i n g s  of $33.1  m i l l i o n  p e r  y e a r .  O f  c o u r s e ,  t h e  s o c i a l  w e l f a r e  

and p o l i t i c a l  problems posed by a t t e m p t i n g  t o  d i s p l a c e  c u r r e n t  

secondary s c h o o l  t e a c h e r s  a r e  l a r g e ;  n o n e t h e l e s s  t h e  magnitude of  

t h e  p o t e n t i a l  b e n e f i t s  shou ld  s e r v e  t o  i n d i c a t e  t h e  p o s s i b l e  advan tages  

of such a sys tem t o  o t h e r  c o u n t r i e s  w i t h o u t  an e x i s t i n g  w e l l  developed 

urban secondary  s c h o o l  sys tem.  

I f  T e l e s e c u n d a r i a  coverage  were t o  be expanded na t ionwide ,  a 

d i f f e r e n t  b r o a d c a s t  t r a n s m i s s i o n  sys tem would have t o  be u t i l i z e d .  

Mayo, McAnany, and Klees  (1975) e s t i m a t e  t h a t  i t  would be p o s s i b l e  

t o  l e a s e  b r o a d c a s t  t ime from t h e  o n l y  network w i t h  n a t i o n w i d e  coverage ,  

Channel 2 ,  a t  a r a t e  of  $1,944 p e r  h o u r ,  which would r e p r e s e n t  an 

annua l  c o s t  of  $2,100,000. D e s p i t e  t h i s  s u b s t a n t i a l  c o s t  inc rement ,  

w i t 1 1  1 ,000,000 s t u d e n t s  i n  t h e  sys tem (which was t h e  e n r o l l m e n t  of  

t h e  t r a d i t i o n a l  secondary schoo l  sys tem i n  Mexico i n  1972) ,  t h e  

a v e r a g e  annua l  c o s t  p e r  s t u d e n t  of T e l e s e c u n d a r i a  i n  urban a r e a s  

would r i s e  t o  o n l y  $145 p e r  s t u d e n t ;  such a na t ionwide  s u b s t i t u t i o n  

o f  T e l e s e c u n d a r i a  f o r  t h e  t r a d i t i o n a l  sys tem would y i e l d  a t o t a l  

s a v i n g s  of  $55 m i l l i o n  a n n u a l l y .  

Again, a n  expansion of  T e l e s e c u n d a r i a  t h a t  f o s t e r s  d i r e c t  

c o m p e t i t i o n  w i t h  t h e  t r a d i t i o n a l  sys tem w i l l  p robab ly  engender  h a r d  

p o l i t i c a l  o p p o s i t i o n ,  and t h u s  any expansion may n e c e s s a r i l y  be 

conf ined  t o  e x t e n s i o n  o f  t h e  secondary  s c h o o l  sys tem t o  r u r a l  a r e a s .  

N e v e r t h e l e s s ,  i t  must be recogn ized  t h a t  d e s p i t e  p o t e n t i a l  p o l i t i c a l  

and s o c i a l  problems, a replacement  of  t h e  t r a d i t i o n a l  sys tem by 



T e l e s e c u n d a r i a  i s  n o t  a  p a t e n t l y  absurd  a l t e r n a t i v e ,  e s p e c i a l l y  i f  

done o v e r  an extended p e r i o d  of t ime s o  a s  n o t  t o  t h r e a t e n  t h e  

p o s i t i o n s  o f  e x i s t i n g  secondary schoo l  t e a c h e r s .  I t  shou ld  be  

remembered and emphasized t h a t  an e d u c a t i o n a l  sys tem f a c e s  a  

l i m i t e d  budge t ;  t h e  m i l l i o n s  of d o l l a r s  t h a t  could  be saved 

through u t i l i z a t i o n  of  T e l e s e c u n d a r i a  could  p o t e n t i a l l y  be used 

t o  o f f e r  i n c r e a s e d  e d u c a t i o n a l  o p p o r t u n i t i e s  e l sewhere ,  f o r  example, 

f o r  a  mass ive  expans ion  of e d u c a t i o n a l  o p p o r t u n i t i e s  f o r  r u r a l  youth .  

5 .  SYSTEM FINANCING 

When examining t h e  c o s t s  of  t h e  sys tem i t  i s  impor tan t  no t  o n l y  

t o  a n a l y z e  t h e  t o t a l  c o s t s  o f  t h e  sys tem b u t  a l s o  t o  look  a t  who 

i s  paying t h e s e  c o s t s .  S i n c e  most e d u c a t i o n a l  sys tems i n v o l v e  

s u b s t a n t i a l  governmental  e x p e n d i t u r e s ,  an a n a l y s i s  of governmental  

t a x  i n c i d e n c e  ( t h a t  i s ,  who pays t h e  t a x e s ,  u s u a l l y  framed i n  terms o f  

a  comparison of  t h e  t a x  burden on f a m i l i e s  a t  d i f f e r e n t  income 

l e v e l s )  shou ld  be an i n t e g r a l  p a r t  of such a  f i n a n c i a l  a n a l y s i s .  

U n f o r t u n a t e l y ,  such a  s t u d y  o f  t a x  i n c i d e n c e  has  s i g n i f i c a n t  t h e o r e t i -  

c a l  and p r a c t i c a l  d i f f i c u l t i e s  and i s  beyond t h e  scope of  t h i s  r e p o r t ;  

n o n e t h e l e s s  t h e r e  i s  some e a s i l y  a v a i l a b l e  i n f o r m a t i o n  on f i n a n c i n g  

t h a t  i s  q u i t e  i n t e r e s t i n g  from an e q u i t y  p o i n t  o f  view. 

Tab le  XI.8 i n d i c a t e s  t h e  c o s t s ,  on a  p e r  s t u d e n t  b a s i s ,  by fund- 

i n g  s o u r c e ,  t h a t  have been o p e r a t i v e  f o r  T e l e s e c u n d a r i a  and t h e  

t r a d i t i o n a l  secondary  s c h o o l  sys tem.  The l o c a l  community pays  a  

s i g n i f i c a n t l y  h i g h e r  p e r c e n t a g e  o f  s c h o o l i n g  c o s t s  w i t h  t h e  Tele-  

s e c u n d a r i a  sys tem than  w i t h  t h e  d i r e c t  t e a c h i n g  system--24% v e r s u s  

16%--due t o  t h e  f o r m e r ' s  r e l i a n c e  on t h e  community t o  p r o v i d e  c l a s s -  

room f a c i l i t i e s ,  r e c e p t i o n  equipment ,  and maintenance o f  b o t h .  

Although t h e  d i f f e r e n c e  i n  terms of a b s o l u t e  amount is  n o t  e s p e c i a l l y  

l a r g e ,  t h e r e  is  indeed a  q u e s t  i o n  of  f a i r n e s s  t o  be r a i s e d .  Why 

must T e l e s e c u n d a r i a  s t u d e n t s ,  who come from r u r a l  f a m i l i e s  w i t h  low 

incomes, be f o r c e d  t o  spend more, bo th  i n  a b s o l u t e  and r e l a t i v e  t e r m s ,  

f o r  t h e i r  e d u c a t i o n  t h a n  s t u d e n t s  i n  t h e  t r a d i t i o n a l  system who come 



TABLE X I . 8  

SOL'RCES OF FUNDING FOR TELESECUNDARIA VERSUS DIRECT TEACHING 

- -- -- 

a 
D i r e c t  Teach ing  Te lesecundar  i a  

b  

Cos t /S tuden t /Year  % Cos t /S tuden t /Year  2 

Source  of Funding 

Government 

L o c a l i t y - s t u d e n t ,  
f a m i l i e s '  and p a r e n t s '  
o r g a n i z a t i o n s  

P r i v a t e  I n d u s t r y  - 
Channel 5  

&1 
These c o s t s  r e f l e c t  t h e  h i s t o r i c a l  c o s t s  of o p e r a t i n g  t h e  t r a d i t i o n a l  

d i r e c t  t e a c h i n g  system ( s e e  Mayo, McAnany, and Klees ,  1975,  f o r  d e t a i l s ) .  
S t u d e n t s  and t h e i r  f a m i l i e s  pay $28 f o r  books and un i fo rms ,  p l u s  a  $4 
annual  f e e  t h a t  t h e  S e c r e t a r i a t  of P u b l i c  Educat ion c o l l e c t s  and p u t s  
towards  sys tem o p e r a t i o n  c o s t s .  

b ~ o r  T e l e s e c u n d a r i a ,  Channel 5 c o n t r i b u t e s  t h e  t r a n s m i s s i o n  f a c i l i t i e s ,  
whi le  s t u d e n t s  and t h e i r  f a m i l i e s  a r e  r e q u i r e d  t o  pay t h e  c o s t s  of books 
and uniforms,  $20 p e r  s t u d e n t  p e r  y e a r ,  t h e  c o s t  of c o n s t r u c t i n g  and main- 
t a i n i n g  c lass room f a c i l i t i e s ,  $11 p e r  s t u d e n t  p e r  y e a r ,  and t h e  c o s t s  of 
r e c e p t i o n  equipment and maintenance,  $4 p e r  s t u d e n t  p e r  y e a r .  The $4 
annua l  f e e  i s  waived by SEP f o r  T e l e s e c u n d a r i a  s t u d e n t s .  



f rnm we:! 1 tlll er fami I 1  C S ' ?  T t would scem nlucll mart, cxclui t a h  l c .  g lvk.r~ 

thc ~ e l a t i v e l y  lower c o s t  u i  t h e  T e l e s e c u n d a r i ~  sys tem,  f o r  t h e  

government a t  l e a s t  t o  fund c lass room f a c i l i t i e s  and equipment ,  

a s  i t  does  i n  t h e  t r a d i t i o n a l  sys tem,  e s p e c i a l l y  i f  Mexico is  

s e r i o u s  about i t s  s t a t e d  commitment t o  r u r a l  e d u c a t i o n .  Indeed,  

t h e  l a c k  of  expansion t o  r u r a l  communities t h a t  have asked f o r  

t e l e s c h o o l s  t o  be e s t a b l i s h e d  i n  t h e i r  l o c a l e ,  due t o  t h e  govern- 

m e n t ' s  n o t  a l l o c a t i n g  funds  t o  pay f o r  a  c l a ss room t e a c h e r  (which 

would be  t h e  o n l y  major  a d d i t i o n a l  c o s t  o f  t h e  sys tem t o  them, a s  

p r e s e n t l y  f i n a n c e d ) ,  r a i s e s  s e r i o u s  d o u b t s  a s  t o  t h e  e x t e n t  of  

t h e i r  r e a l  commitment t o  r u r a l  e d u c a t i o n .  

6 .  CONCLUSIONS 

T e l e s e c u n d a r i a  emerges a s  one of t h e  more f a s c i n a t i n g  exper iments  

w i t h  i n s t r u c t i o n a l  t echno logy  i n  t h a t  i t  i s  one of t h e  few such 

p r o j e c t s  t h a t  have been des igned  i n  such a way a s  t o  be c o s t - e f f e c t i v e .  

I t  is i n t e r e s t i n g ,  and pe rhaps  s i g n i f i c a n t ,  t o  n o t e  t h a t  T e l e s e c u n d a r i a ,  

u n l i k e  o t h e r  s i m i l a r  p r o j e c t s ,  was i n i t i a t e d  e n t i r e l y  by t h e  c o u n t r y  

u t i l i z i n g  i t ,  w i t h o u t  o u t s i d e  f i n a n c i n g  o r  t e c h n i c a l  a s s i s t a n c e .  

I t  is p o s s i b l e  t h a t  t h e  p a r t i c u l a r  manner i n  which e d u c a t i o n a l  a i d  

i s  u s u a l l y  g iven  t o  deve lop ing  c o u n t r i e s  f o r  such p r o j e c t s  may 

m i l i t a t e  a g a i n s t  a  c o s t - e f f e c t i v e  d e s i g n  ( s e e  Chapter  VI f o r  r e l a t e d  

d i s c u s s i o n s ) .  

There a r e ,  of c o u r s e ,  q u a l i f i c a t i o n s  on t h e  r e s e a r c h  r e s u l t s  

r e p o r t e d  h e r e  and pe rhaps  more e x t e n s i v e  r e s e a r c h  needs  t o  be engaged 

i n  t o  t r u l y  p rove  t h e  r e l a t i v e  c o s t - e f f e c t i v e n e s s  o f  T e l e s e c u n d a r i a .  

For example, t h e  s u b j e c t  m a t t e r  t e s t s  g i v e n  t o  s t u d e n t s  i n  bo th  

sys tems ,  a l t h o u g h  based d i r e c t l y  on t h e  c u r r i c u l u m  c o n t e n t ,  d i d  n o t  

show l a r g e  g a i n s  f o r  e i t h e r  group.  Although t h e  judgment a s  t o  what 

c o n s t i t u t e s  a  l a r g e  g a i n  i n  c o g n i t i v e  knowledge is a  s u b j e c t i v e  one,  

b o t h  K l e e s  (1975) and Mayo, McAnany, and Klees  (1975) c a u t i o n  t h a t  

t h e  t e s t  r e s u l t s  shou ld  be i n t e r p r e t e d  a s  s a y i n g  o n l y  t h a t  t h e  two 

systems seem t o  be do ing  s i m i l a r l y - - n o t  t h a t  e i t h e r  sys tem is  d o i n g  



a  good i n s t r u c t i o n a l  job .  None the less ,  g iven  t h e  i n f o r m a t i o n  a v a i l a b l e  

( i t  must be remembered t h a t  adequa te  r e s e a r c h  i s  c o s t l y  and engaging 

i n  a d d i t i o n a l  r e s e a r c h  on t h i s  q u e s t i o n  may n o t  be c o s t - b e n e f i c i a l ) ,  

T e l e s e c u n d a r i a  i s  a  s i g n f i c a n t l y  more c o s t - e f f e c t i v e  secondary  schoo l  

sys tem t h a n  t h e  t r a d i t i o n a l  one,  and a l t e r n a t i v e  expans ion  p o s s i -  

b i l i t i e s  should  be g iven  s e r i o u s  c o n s i d e r a t i o n .  

N e v e r t h e l e s s ,  we must a g a i n  p o i n t  o u t  t h a t  what i s  c o s t - e f f e c t i v e  

may n o t  be c o s t - b e n e f i c i a l  ( s e e  Klees ,  1975, Chapter  9 f o r  an 

e x t e n s i v e  d i s c u s s i o n  of  t h i s  p o i n t  r e l a t i v e  t o  T e l e s e c u n d a r i a ) ;  i n  

p a r t i c u l a r ,  a  system which encourages  t h e  m i g r a t i o n  of  t h e  most 

b r i g h t  and a b l e  r u r a l  youth  t o  t h e  overcrowded Mexican urban a r e a s ,  

t h a t  have s i g n i f i c a n t  unemployment problems a l r e a d y ,  may n o t  be i n  

t h e  b e s t  i n t e r e s t s  of t h e  i n d i v i d u a l  s t u d e n t s ,  nor  of  t h e  c o u n t r y  

a s  a  whole. Although t h i s  does  n o t  r e f l e c t  i n  any way on t h e  c o s t -  

e f f e c t i v e n e s s  of  T e l e s e c u n d a r i a  a s  opposed t o  t h e  t r a d i t i o n a l  sys tem,  

i t  does  h i g h l i g h t  a  problem common t o  most deve lop ing  c o u n t r i e s  f a c e d  

w i t h  a  growing s o c i a l  demand f o r  e d u c a t i o n ,  e s p e c i a l l y  i n  t h e  o f t -  

n e g l e c t e d  r u r a l  r e g i o n s .  A commitment t o  r u r a l  development cannot 

be met by a  wholesa le  t r a n s f e r  of  an urban o r i e n t e d  c u r r i c u l u m  t o  a  

r u r a l  e d u c a t i o n a l  sys tem,  b u t  must i n v o l v e  r e s o u r c e s  i n v e s t e d  t o  

c r e a t e  rewarding employment o p p o r t u n i t i e s  w i t h i n  r u r a l  a r e a s  and 

t h e  development o f  an e d u c a t i o n  system designed t o  d e a l  s p e c i f i c a l l y  

w i t h  r u r a l  problems. Systems such a s  T e l e s e c u n d a r i a  may have g r e a t  

p o t e n t i a l ,  bu t  c a r e f u l  a t t e n t i o n  needs  t o  be given t o  t h e  g o a l s  

towards which t h i s  p o t e n t i a l  w i l l  be d i r e c t e d .  



APPENDIX 

EXClIANGE RATES AND GNl' DEFLATORS 

Exchange Rates  U t i l i z e d  in t h i s  Study: 

Nicaragua:  7 Cordoba = 1 U.S. d o l l a r  

Mexico : 1 2 . 5  Pesos  = 1 U. S. d o l l a r  

Tha i l and  : 15 Baht = 1 U .  S. d o l l a r  

E l  Sa lvador :  2 . 5  Colones = 1 U.S. d o l l a r  

Korea: 490 Won = 1 U. S. d o l l a r  

GNP - D e f l a t o r s  U t i l i z e d  t o  Convert  t o  1972 U.S. D o l l a r s :  

Index 
-- 

Year 

1968 

1969 

1970 

19 7 1 

19 72 

197 3 

1974 

1975 

Index - 

122.30 

128.20 

135.23 

141.61 

145.88 

154.31 

170.18 

182.74 
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