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1. Area of Assignment 

a .  To s e r v e  a s  r e s o u r c e  p e r s o n s  i n  t h e  a r e a s  of r e s e a r c h  methodology, 
a n a l y s i s  of exper imenta l  d a t a  and d e s i g n  of exper iments .  

b. To a c q u i r e  knowledge of a g r i c u l t u r a l  methods i n  P o r t u g a l  and t o  r e l a t e  
t h e s e  t o  t h e  r e s e a r c h  program. 

2 .  S p e c i f i c  O b j e c t i v e s  of Assignment 

a. To s e r v e  a s  r e s o u r c e  pe rsons  i n  t h e  a r e a s  of r e s e a r c h  methodology, 
a n a l y s i s  of exper imenta l  d a t a  and d e s i g n  of exper iments  th rough  

( 1 )  P r e s e n t a t i o n  of 30 hours  of l e c t u r e  i n  a Seminar on Research 
Methodology given. by Drs. Mar t in  and Lechtenberg.  

( 2 )  A d m i n i s t r a t i o n  of a Purdue U n i v e r s i t y  c o u r s e  (ANSC 691, 1 c r e d i t )  
f o r  g r a d u a t e  c r e d i t  a t  IUTAD. Enrol lment  was open t o  pe rsons  who 
b o t h  p a r t i c i p a t e d  i n  t h e  Seminar and h e l d  t h e  e q u i v a l e n t  of a 
B a c c a l a u r e a t e  Degree. 

( 3 )  C o n s u l t a t i o n  w i t h  s t a f f  members a t  IUTAD on g e n e r a l  and s p e c i f i c  
problems encountered i n  s e l e c t i n g  r e s e a r c h  t o p i c s ,  d e s i g n i n g  
exper iments  and a n a l y z i n g  d a t a  d e r i v e d  from ongoing r e s e a r c h .  

b. V i s i t  f a rms ,  r e s e a r c h  s t a t i o n s  and personne l  invo lved  i n  r e s e a r c h  
programs i n  o r d e r  t o  a c q u i r e  i n f o r m a t i o n  r e g a r d i n g  t h e  s t a t u s  of 
A g r i c u l t u r a l  Research programs i n  P o r t u g a l .  



Portuguese Counterparts 

Significant discussions and contacts were established with the 
following persons: 

a. Engr. Jose Torres Pereira, Biology 

b. Dr. Jorge Colaco, Animal Genetics 

c. Engr. Arnaldo Silva, Animal Nutrition 

d. Engr. Nuno Moreira, Pastures and Forages 

e. Dr. Jose Potes, Animal Physiology 

f. Engr. Jorge Azevedo, Sheep Production 

g. Engr. Fernando Macedo, Mathematics 

h. Engr. Fernando Delgado, Technical School, Coimbra 

i. Engr. Antonio Mota, MACP, Mirandela 

j. Engr. Maria Mota, MACP, Mirandela 

k. Engr. Henrique Goedes Pinto, Plant Genetics . 

1. Engr. Ester Portela, Soil Science 

m. Engr. Francisco Rego, Forestry 

n. Engr. Eduardo Rosa, Horticultural Crops 

o. Engr. Rui Loureiro, Technical School, Castelo Branco 

p. Engr. Valdemar Carnide, Plant Genetics 

q. Dr. Aura Colaco, Animal Physiology 

r. Engr. Carlos Abreu, Plant Protection 

s. Engr. Carlos Sequeira, Animal Nutrition 

t. Engr. Fernando Sereno, Physics 

u. Engr. Fernando Martins, Plant Science 

v. Engr. Jose Andrade, IFADAP, Vila Real 

w. Engr. Armando Mascarenhas, Animal Nutrition 

x. Engr. JoZo Cortinha, Soil Science 



4. ~ c c o m p l i s h m e n t s  w i t h  Respect t o  o b j e c t i v e s  

a .  An i t i n e r a r y  of a c t i v i t i e s  i s  a t t a c h e d  a s  Appendix 111. 

b .  Seminar on Research Methodology. 

( 1 )  The t h i r t y  (30) hour c o u r s e  o u t l i n e d  i n  Appendix I was p r e s e n t e d  
over  a  three-week p e r i o d  (October 6  th rough  October 26) .  There  
were 71 p e r s o n s  who a t t e n d e d  one o r  more l e c t u r e s .  C e r t i f i c a t e s  
of complet ion were i s s u e d  t o  41 p e r s o n s  on October 27. L e c t u r e s  
were g i v e n  i n  E n g l i s h  and were w e l l  r e c e i v e d .  Cons iderab le  
d i s c u s s i o n  was g e n e r a t e d  i n  bo th  t h e  l e c t u r e  s e s s i o n s  and 
c o n s u l t a t i o n  sess i .ons .  The degree  of comprehension and 
unders tand ing  appeared t o  be h igh  based on problems submi t t ed  f o r  
c o n s u l t a t i o n .  

Twenty-six (26)  p e r s o n s  i n d i c a t e d  i n t e n t  t o  r e g i s t e r  f o r  g r a d u a t e  / 
c r e d i t  i n  Animal Science 691 and f i f t e e n  (15)  completed t h e  i 
c o u r s e .  A l i s t  of t h o s e  complet ing t h e  c o u r s e  i s  i n  Appendix 11. ! 
I n  a d d i t i o n  t o  a t t e n d a n c e ,  complet ion of t h e  course  f o r  c r e d i t  
r e q u i r e d  c o n s u l t a t i o n  w i t h  e i t h e r  D r .  Lechtenberg o r  D r .  Mar t in  
concern ing  one o r  more problems of exper imenta l  d e s i g n  o r  d a t a  
a n a l y s i s .  The degree  of s o p h i s t i c a t i o n  of exper imenta l  d e s i g n s  
and d a t a  s e t s  v a r i e d  widely .  These c o n s u l t a t i o n s  were v e r y  
i n f o r m a t i v e  w i t h  r e g a r d  t o  t h e  n a t u r e  of and problems a s s o c i a t e d  
w i t h  Por tugese  A g r i c u l t u r a l  r e s e a r c h .  

c .  C o n s u l t a t i o n  w i t h  s t a f f  members: 

I n  c o n s u l t a t i o n ,  22 s c i e n t i s t s  were provided s p e c i f i c  
recommendations t o  r e s o l v e  d a t a  a n a l y s i s  problems o r  improve 
exper imenta l  d e s i g n .  The problems ranged from c a s e s  of ve ry  s imple  
a n a l y s i s  of v a r i a n c e  o r  r e g r e s s i o n  t o  s i t u a t i o n s  i n v o l v i n g  confounding 
and unequal  s u b c l a s s  numbers. Many of t h e  r e s e a r c h  workers  have 
knowledge of s t a t i s t i c a l  methods and need t o  use  t h a t  knowledge and 
g a i n  conf idence  i n  t h e i r  a b i l i t y  t o  use  s t a t i s t i c s  i n  d a t a  
i n t e r p r e t a t i o n .  It appeared t o  u s  t h a t  t h e  s t a f f  members gained 
c o n s i d e r a b l e  knowledge and conf idence  from t h e  m a t e r i a l  inc luded  i n  t h e  
seminar.  We were v e r y  p l e a s e d  w i t h  t h e  response  t o  t h e  seminar  and t h e  
p r o g r e s s  made by s t a f f  members i n  a n a l y z i n g  r e s u l t s  of exper iments .  

d. V i s i t s  t o  farms and r e s e a r c h  s t a t i o n s .  

P l a n t  b r e e d i n g ,  f o r a g e  u t i l i z a t i o n ,  f o r a g e  p r o d u c t i o n ,  sheep 
p r o d u c t i o n  and o t h e r  l a b o r a t o r i e s  were v i s i t e d  on t h e  IUTAD campus. 
One day was s p e n t  v i s i t i n g  t h e  f o r a g e ,  l i v e s t o c k  and c r o p  r o t a t i o n  work 
a t  t h e  Montalegre S t a t i o n  of t h e  M i n i s t r y  of A g r i c u l t u r e .  Work of a  
group from t h e  I n s t i t u t e  of C u l t u r a l  A f f a i r s  i n  v i l l a g e s  was observed 
w h i l e  v i s i t i n g  Mezio. On weekends and h o l i d a y s ,  t r a v e l  i11 t h e  c o u n t r y ,  
a  v i s i t  w i t h  a  g rape  p roducer  and a  t o u r  of a  winery provided some 
a d d i t i o n a l  knowledge of Tras-0s-Montes a g r i c u l t u r e .  



5.  Problems Encountered and Observed 

a.  The young members of t h e  s t a f f  a t  IUTAD a r e  e n t h u s i a s t i c ,  e n e r g e t i c  and 
i n t e l l i g e n t .  I n  o r d e r  t o  meet t h e  t r a i n i n g  r e q u i r e m e n t s  of P o r t u g a l  
(Ph.D. i n  e i g h t  y e a r s ) ,  t h e  r e s e a r c h  program of each w i l l  r e q u i r e  
knowledge of s t a t i s t i c s .  Limited h e l p  i s  a v a i l a b l e  a t  IUTAD. Members 
of t h e  s t a f f  have some b a s i c  s k i l l s  i n  s t a t i s t i c s ,  but  l a c k  conf idence  
i n  t h e i r  a b i l i t y  t o  use  t h o s e  s k i l l s .  F u r t h e r  c o n s u l t i n g  e f f o r t  and 
c o n s u l t i n g  th rough  correspondence a r e  d e s i r a b l e  t o  h e l p  develop 
con£ idence  . 

b. L i b r a r y  f a c i l i t i e s  need t o  be expanded t o  p rov ide  t h e  in format ion  
needed t o  suppor t  an expanded t e a c h i n g  and r e s e a r c h  program. 

c .  A d d i t i o n a l  computer programs and s t a f f  t r a i n i n g  t o  promote usage of t b e  
computer a r e  needed i n  o r d e r  t o  s i m p l i f y  d a t a  a n a l y s e s .  

d. L i m i t a t i o n s  i n  l and  and animal r e s o u r c e s  p l a c e  l i m i t a t i o r l s  on t h e  kind 
and scope of e x p e r i m e n t a t i o n  which can be conducted.  Augumentation of 
t h e  land and animal  r e s o u r c e s  would a l l o w  more comprehensive 
exper iments  t o  be conducted.  

6 .  Recommendations 

a .  The A I D  p r o j e c t  should  p rov ide  some fol lowup of t h i s  ass igment  by 
having one o r  more pe rsons  r e t u r n  t o  IUTAD t o  c o n s u l t  w i t h  IUTAD s t a f f  
on exper imenta l  des ign  and d a t a  a n a l y s i s .  A l t e r n a t i v e l y ,  o r  i n  
a d d i t i o n  t o  a  fol lowup v i s i t ,  a r rangements  cou ld  be made f o r  c o n s u l t i n g  
by m a i l .  IUTAD s t a f f  should  be encouraged t o  c o n t a c t  Purdue 
c o n s u l t a n t s  by m a i l  w i t h  r e g a r d  t o  q u e s t i o n s  concern ing  d a t a  a n a l y s i s  
and exper imenta l  des ign .  I f  problems and q u e s t i o n s  a r e  w e l l  d e f i n e d ,  
t h i s  procedure  cou ld  work s a t i s f a c t o r i l y .  

b. Develop c o n s u l t i n g  c a p a b i l i t y  a t  IUTAD by p r o v i d i n g  t h e  o p p o r t u n i t y  f o r  
a  s m a l l  number of IUTAD s t a f f  members t o  o b t a i n  t r a i n i n g  i n  s t a t i s t i c s  
i n  t h e  U.S .  The n e c e s s a r y  g r a d u a t e  t r a i n i n g  i n  methodology could  be 
o b t a i n e d  a s  p a r t  of g r a d u a t e  t r a i n i n g  i n  an  a p p l i e d  a r e a  such a s  p l a n t  
s c i e n c e  o r  animal s c i e n c e .  The minimal l e v e l  of t r a i n i n g  needed t o  
f u n c t i o n  a s  a  c o n s u l t a n t  would r e q u i r e  commitment of a t  l e a s t  one 
academic y e a r  t o  t r a i n i n g  i n  t h e  U.S. 

c .  Expand t h e  a v a i l a b l e  computer programs t o  p rov ide  more computer h e l p  i n  
a n a l y z i n g  d a t a  a t  IUTAD. 

d. Provide a d d i t i o n a l  land and animal f a c i l i t i e s  f o r  IUTAD r e s e a r c h  
programs. 

e .  Expand t h e  l i b r a r y  f a c i l i t i e s .  



APPENDIX I 

RESEARCH METHODOLOGY 

Presented a t  

I n s t i t u t o  Un ive r s i t a r io  & Tras-0s-Montes e  Alto Douro 

Vi la  Real,  Por tuga l  

October 6  through October 26, 1983 

1. The S c i e n t i f i c  Method: 

a. Development of hypotheses 
b. Tes t ing  hypotheses 
c. Type I and Type I1 e r r o r s  

2. V a r i a b i l i t y  and Measures of Variance: 

a .  The normal d i s t r i b u t i o n  
b. Degrees of freedom 
c. D i s t r i b u t i o n  of means 
d. Sample s i z e  and number of r e p l i c a t i o n s  
e. Standard e r r o r  of t h e  mean and of d i f f e r e n c e s  between means 
f .  Addit ive and m u l t i p l i c a t i v e  coding of d a t a  

3. Considerat ions i n  Planning Experiments: 

a. D e f i n i t i o n  of t he  problem 
b. Iden t i fy ing  important f a c t o r s  
c. Se l ec t ion  of cha rac t e r s  t o  be measured 
d. Inference  space 
e. Rep l i ca t ion  and experimental e r r o r  
f .  Power of t he  experiment 

4. T e s t s  of S igni f icance :  

a. Chi-square 
b. t - t e s t  
c. F-test  
d. Statements of p r o b a b i l i t y  

5.  Analysis  of Variance, One-Way C l a s s i f i c a t i o n :  

C h a r a c t e r i s t i c s  
Ca lcu la t ions  
Random o r  f i xed  models 
Subsamples 
Pooling e r r o r  terms 
Variance components 
Tes t s  of s ign i f i cance  
Tes t s  of d i f f e r e n c e s  between p a i r s  of means 
Trend a n a l y s i s  



6 .  Analysis  of Variance, Multi-Way C l a s s i f i c a t i o n :  

C h a r a c t e r i s t i c s  
I n t e r a c t  i o n  
Effec t  of blocking 
Calcula t ions  
Tes t s  f o r  comparison of pa i red  means 
Graphic p r e s e n t a t i o n  of i n t e r a c t i o n  
Comparison of t rea tments  when i n t e r a c t i o n  i s  present  
Se l ec t ion  of proper e r r o r  term 
Unequal numbers of observa t ions  i n  c e l l s  of t he  design inc luding  
a n a l y s i s  when numbers a r e  propor t iona l  
Analysis  of unequal subc la s s  number da t a  by method of equa l ly  weighted 
means 

7 .  Regression Analysis  wi th  One Independent Variable:  

a .  Funct ional  r e l a t i o n s h i p s  between dependent and independent v a r i a b l e s  
b. S t a t i s t i c a l  r e l a t i o n s h i p  between v a r i a b l e s  
c. Ca lcu la t ions  
d. Assumptions and l i m i t a t i o n s  
e. Variance due t o  r eg re s s ion ,  l ack  of f i t  and t r u e  e r r o r  
f .  Tes ts  of s ign i f i cance  
g. Variance of a  pred ic ted  va lve  

8. Cor re l a t ion  Analysis :  

a .  Rela t ionship  with r eg re s s ion  
b. Calcu la t ions  
c. Tes ts  of s ign i f i cance  
d. In t r a - c l a s s  c o r r e l a t i o n  

9.  Mult iple  Regression: 

a .  The mathematical model 
b. Normal equat ions  and c a l c u l a t i o n s  
c. I n t e r p r e t a t i o n  of r e s u l t s  
d. Inference  space 
e. Cor re l a t ions  among independent and dependent v a r i a b l e s  a s  a  f a c t o r  

in f luenc ing  t h e  p r e d i c t i o n  equat ion  

10.  Curvi l inear  Regress ion  

a. Use i n  i n t e r p r e t i n g  t r ends  of t reatment  means 
b. Rela t ionship  t o  polynomial c o e f f i c i e n t s  
c. F i t t i n g  polynomial curves by mul t ip l e  r eg re s s ion  techniques 
d. Construct ing t h e  response curve or  sur face  and l o c a t i n g  p o i n t s  of 

optimal response 
e .  Logarithmic, exponent ia l ,  square roo t  and r e c i p r o c a l  func t ions  which 

a r e  i n t r i n s i c l y  l i n e a r  
f .  Comparison of two i n t r i n s i c l y  l i n e a r  func t ions  by us ing  r e s i d u a l s  



11. A n a l y s i s  of Covariance:  

a .  The mathemat ical  model 
b. Assumptions 
c.  Reduct ion of e r r o r  mean s q u a r e s  
d. C a l c u l a t i o n s  
e .  E f f e c t s  of covar iance  when t h e  independent  v a r i a b l e  i s  a f f e c t e d  by 

t r e a t m e n t s  

12.  E s t i m a t i o n  of Miss ing P l o t s :  

a .  By c o v a r i a n c e  
b. By minimizing e r r o r  mean s q u a r e  

13.  Design of Experiments:  

F a c t o r s  cons idered  i n  d e s i g n  
Completely randomized d e s i g n  
Randomized complete b lock  d e s i g n  
Complete b l o c k  w i t h  f a c t o r i a l  t r e a t m e n t s  
Complete b l o c k  when b locks  a r e  t r e a t m e n t s  
Nested d e s i g n s  
S p l i t  p l o t  d e s i g n s  
S p l i t  p l o t s  i n  t ime  and space 
L a t i n  Square  
R e p l i c a t e d  L a t i n  Squares  
Crossover  d e s i g n s  
Switchback d e s i g n s  



APPENDIX 11 

Persons  Earning C r e d i t  f o r  ANSC 691 

Azevedo, Jo rge  Manuel T e i x e i r a  de 
Rua Marechal T. Rebelo,  8 
5000 V i l a  Real  
P o r t u g a l  

Carn ide ,  Valdemar Pedrosa  
B. Ave 1st Maio 
5000 V i l a  Real 
P o r t u g a l  

Colaco , Jorge  Antonio 
P. Novo P o r t e l i n h a ,  R / C  V i l a l v a  
5000 V i l a  Real  
P o r t u g a l  

Delgado, Fernando J o s e  
14-3 C S t .  Antonio Nobre 
Coimbra 
P o r t u g a l  

Loure i ro ,  Rui Casimiro  
Rua S. JoZo de Deus, 25-2nd ESQ 
6000 C a s t e l o  Branco 
P o r t u g a l  

Macedo, Fernando Anibal  Wolfgango P e r e i r a  de 
Apt. 202 
5000 V i l a  Real  
P o r t u g a l  

Moreira ,  Nuno Manuel Vasconcelos T a r a l o s  
Largo de P i o l e d o ,  B1 .  D,  4 ESQ 
5000 V i l a  Real  
P o r t u g a l  

Mota, Antonio Manuel Campea 
B. Fomento, Bloco 10A 
5370 Mirandela  
P o r t u g a l  

Mota, Maria de Graca Campea 
B. Fomento, Bloco 10A 
5370 Mirandela  
P o r t u g a l  

P i n t o ,  Henrique de Pinho Guedes 
Rua Cidade Espinho, 4 t h  E. 
5000 V i l a  Real  
P o r t u g a l  



11. P o r t e l a ,  E s t e r  Maria Abranchescosta 
141-5E Rua T e i x e i r a  Rebelo 
5000 Vi la  Real 
Por tuga l  

12. Potes ,  Jose A lbe r to  Caeiro 
15-7ESQ, Miser icord ia  
5000 Vi la  Real 
Por tuga l  

13. Rego, Francisco Cas t ro  
46 R / C  Dto, Rua D. Afonso 111 
5000 Vila  Real 
Portugal  

14. Rosa, Eduardo Augusto dos Santos  
Quinta  da Fonte ,  1 s t  F-E Timpeira 
5000 Vi la  Real 
Por tuga l  

15.  S i l v a ,  Arnaldo Alves Dias 
Rua Marechal T. Rebelo, 153-8th E. 
5000 Vi la  Real 
Por tuga l  



Appendix 111 

DAILY LOG OF ACTIVITIES 

September 22. Traveled from West Lafaye t te  t o  Lisbon. 

September 23. A r r i v a l  i n  Lisbon was r a t h e r  l a t e  and we were unable t o  schedule 
a  v i s i t  a t  t he  A I D  Off ice .  We v i s i t e d  wi th  Jose Luis P inhe i ro  by telephone. 

September 24. Traveled t o  Fatima, Batalha and ~ a z a r 6 .  

September 25. Traveled t o  V i l a  Real a r r i v i n g  a t  approximately 6:30 p.m. 

September 26 and 27. V i s i t ed  wi th  and met s eve ra l  people involved wi th  the  
Purdue p ro j ec t  and began work on course ma te r i a l s .  We prepared p u b l i c i t y  
ma te r i a l  a d v e r t i s i n g  t h e  course and made arrangements f o r  dup l i ca t ing  course 
ma te r i a l s .  

September 28. We v i s i t e d  wi th  Arnaldo S i l v a  regarding r e sea rch  he i s  
conducting on urea  t reatment  of straw. The r e s u l t s  of t h e  s t u d i e s  looked good. 
The t r e a t e d  s t raw has a  d i s t i n c t i v e  ammonia odor and i s  d i sco lo red  much l i k e  
s t raw t r e a t e d  wi th  anhydrous ammonia. S i lva  adds water and t r e a t s  t h e  s t raw a t  
35% moisture under a  p l a s t i c  cover. We v i s i t e d  h i s  research  f a c i l i t i e s  and 
d iscussed  some poss ib l e  techniques he might use f o r  reducing v a r i a t i o n  among 
animals i n  i n t ake  s tud ie s .  Measurements of i nd iv idua l  animal consumption on a  
con t ro l l ed  d i e t  might be a  u se fu l  concomitant v a r i a b l e .  

September a. Tom Gunter v i s i t e d  wi th  us  and d iscussed  our consu l t i ng  e f f o r t .  
He asked us  s p e c i f i c a l l y  t o  v i s i t  wi th  S i l v a ,  Moreira, Colaco, Azevedo and 
Macedo. The p repa ra t ion  of m a t e r i a l s  desc r ib ing  our course was completed and 
d i s t r i b u t e d  t o  t h e  f a c u l t y  of IUTAD. 

September 30. We continued working on course m a t e r i a l  and completed t h e  f i r s t  
s e c t i o n  of our l e c t u r e  notes .  We v i s i t e d  wi th  Car los  Abreu and Francisco Rego 
regarding a  pathogen-yield r e l a t i o n s h i p  i n  T r i t i c a l e .  Abreu had s u b j e c t i v e  
scores  of fungus i n f e c t i o n ,  but good y i e l d  da ta .  There was no r e p l i c a t i o n  of 
t h e  experiment,  but t h e r e  were observa t ions  on s i x  l i n e s .  The mean of each 
c l a s s  of i n f e c t i o n  was based on 100 p l an t s .  A quick r eg re s s ion  a n a l y s i s  showed 
a l i n e a r  r e l a t i o n s h i p  ( r  = -.97). We advised Abreu t h a t  h i s  information was 
c e r t a i n l y  use fu l .  Modif icat ions i n  t h e  experiment f o r  f u t u r e  yea r s  could 
inc lude  f i e l d  r e p l i c a t i o n  so t h a t  l ack  of f i t  and pure e r r o r  could be more 
accu ra t e ly  measured. Quan t i f i ca t ion  of t he  fungal  c l a s s e s  should lead  t o  a  
more accu ra t e  p r e d i c t i o n  of t h e  r e l a t i o n s h i p  between y i e l d  and i n f e c t i o n .  We 
v i s i t e d  with Jose Potes  regarding h e r i t a b i l i t y  of var ious  milking t r a i t s  and 
methodology of express ing  progeny t e s t  d a t a  of d a i r y  s i r e s .  

October 1 and 2. We t r ave l ed  t o  Porto,  spent  Saturday n igh t  a t  V i l a  Do Conde 
and re turned  by way of Braga, Guimaraes and Mondim de Basto. Agr i cu l tu ra l  
product ion i n  t h e  coas t  reg ion  was observed. 

October 3 and 4. We continued working on development of t h e  course inc luding  
p repa ra t ion  of v i s u a l s .  



October 2. Holiday. Lechtenburg t r a v e l e d  t o  Lisbon and Mrs. Lechtenberg 
re turned  t o  t he  U.S. Martins v i s i t e d  a  farm where grape harves t  and product ion 
of Por t  wine was underway. 

October 6. We s t a r t e d  t h e  course l e c t u r e s  fol lowing in t roduc t ion  by Rei tor  
Real. There were 7 1  persons i n  at tendance.  

October 7. We continued course p repa ra t ion  and v i s i t e d  wi th  Eduardo Rosa 
regarding a n a l y s i s  of d a t a  on t h e  r e l a t i o n s h i p  between bulb seed s i z e  and y i e l d  
of g a r l i c .  We suggested two approaches t o  a n a l y s i s  of var iance  and r eg res s ion  
a n a l y s i s  t o  determine i f  i n t e r a c t i o n  e x i s t e d  between b u l b l e t  p o s i t i o n  and 
b u l b l e t  s i z e .  We a l s o  v i s i t e d  wi th  Arnoldo S i l v a  regarding c a l c u l a t i o n  of r a t e  
of d i g e s t i o n  and e s t ima t ion  of time lag.  An a n a l y s i s  of means was suggested 
s ince  t h e  r e l a t i o n s h i p  i s  known t o  be l i n e a r  and t h e  e s t ima te  of s lope i s  
accu ra t e ly  est imated from means. 

October 8. We met wi th  Andrade regarding problems of summarizing d a t a  and 
information from farm loan records  of IFADAP. The caseload i s  approximately 
3000 c r e d i t o r s .  He needs a d d i t i o n a l  information regarding progress  of loans ,  
summarization of money usage, e t c .  He was determined t o  sample t h e  t o t a l  
caseload t o  o b t a i n  r e l i a b l e  e s t ima te s .  We t r i e d  t o  discourage him from 
sampling, but r a t h e r  t o  i n i t i a t e  a  good information base. We f e l t  t h a t  design 
of a  r e l i a b l e  sampling technique would be extremely d i f f i c u l t ,  due t o  
c l a s s i f i c a t i o n  according t o  o f f i c e ,  year  and type of loan. 

October 10. We continued working on course m a t e r i a l s  and consul ted wi th  
Francisco Rego regarding h i s  i n v e s t i g a t i o n s  of burn r a t e  i n  f o r e s t  l i t t e r .  
Considering t h e  d a t a  a v a i l a b l e ,  a  r eg re s s ion  a n a l y s i s  seemed t o  be the  only 
reasonable approach. It may be very d i f f i c u l t  t o  p red ic t  burn r a t e  from t h e  
a v a i l a b l e  information.  He probably needs some measure of moisture content  of 
t he  f o r e s t  l i t t e r  which he does not have. We d iscussed  a l t e r n a t i v e  des igns  f o r  
s t u d i e s  of t h i s  na ture .  

October 11. Nuno Moreira r a i s e d  ques t ions  regarding use of t he  "Z-table" 
fol lowing our  r e f e rence  t o  t h e  Z-table i n  l e c t u r e  on October 10. Fernando 
Delgado d iscussed  h i s  sheep d a t a  wi th  us. He has a  r a t h e r  l a rge  s e t  of d a t a  
with s eve ra l  v a r i a b l e s  and i s  i n t e r e s t e d  i n  s tud ing  v a r i a t i o n  i n  .milk y i e l d  of 
ewes. 

October 12. We v i s i t e d  aga in  wi th  Eduardo Rosa regarding a n a l y s i s  of h i s  
g a r l i c  experiment. He had completed t h e  s t a t i s t i c a l  a n a l y s i s  and wanted t o  
d i scuss  t h e  i n t e r p r e t a t i o n .  He had s i g n i f i c a n t  e f f e c t s  due t o  both s i z e  and 
p o s i t i o n  of b u l b l e t s .  We pointed out t h a t ,  i n  h i s  case ,  t he  p o s i t i o n  was 
p a r t i a l l y  confounded with s i z e .  I n  o rde r  t o  c l e a r l y  determine whether p o s i t i o n  
had an e f f e c t  i t  would be necessary t o  compare the  r eg re s s ions  of y i e l d  on 
b u l b l e t  s i z e  f o r  t he  i n s i d e  and ou t s ide  pos i t i ons .  

October 13. Nuno Moreira descr ibed h i s  research  p r o j e c t s  and we helped him s e t  
up an a n a l y s i s  t o  e s t ima te  i n t e r a c t i o n .  We suggested t h a t  he use a  s e t  of 
or thogonal  c o n t r a s t s  f o r  a  s i x  degree of freedom i n t e r a c t i o n  and worked out t h e  
polynomial c o e f f e c i e n t s  wi th  him. We worked wi th  Jorge Azevedo's s tudent  on 
Newman-Keuls t e s t  and on i n t e r p r e t a t i o n  of i n t e r a c t i o n s .  We met and had d inner  
wi th  D r .  Pestana from t h e  Univers i ty  of Lisbon. Pestana teaches t h e  second 
s t a t i s t i c s  course a t  Vi la  Real. We d iscussed  t h e  n a t u r e  of s t a t i s t i c a l  
t r a i n i n g  i n  Portugal  . 



October 14. We v i s i t e d  wi th  Azevedo regard ing  mi lk  d a t a  from h i s  goat  study. 
The a n a l y s i s  of var iance  was s t r a igh t fo rward .  We a l s o  helped him s e t  up a  
c o r r e l a t i o n  a n a l y s i s  f o r  c a r c a s s  da ta .  We consul ted  b r i e f l y  with Eduardo Rosa 
regard ing  t h e  a n a l y s i s  of var iance  of a  second experiment he i s  conducting. 

October 17. We helped Eduardo Rosa design a  new v a r i e t y  eva lua t ion  experiment 
and a  d a t e  of p l a n t i n g  study. S i l v a  and Azevedo v i s i t e d  wi th  us  regard ing  
animal numbers i n  d i g e s t i o n  t r i a l s .  This was a  fo l low up of our d i s c u s s i o n  t h e  
previous evening i n  c l a s s .  Guedes P i n t o  had ques t i ons  regard ing  contingency 
t a b l e s  f o r  Chi-square t e s t s .  Af t e r  d i s cus s ing  h i s  problem, we concluded t h a t  
he had used an i n c o r r e c t  m u l t i p l i e r  i n  c a l c u l a t i n g  t h e  Chi-square va lues .  
Af t e r  making t h e  c o r r e c t i o n ,  he repor ted  t h a t  h i s  Chi-square t e s t s  were much 
more reasonable .  We worked wi th  Macedo and Colaco on mathematical d e s c r i p t i o n  
of l a c t a t i o n  curves us ing  d a t a  on cows a t  IUTAD. 

October 18. We t r a v e l e d  t o  Montalegre and v i s i t e d  t h e  Minis t ry  of Agr i cu l tu re  
farm. We had a  very i n t e r e s t i n g  v i s i t  wi th  M r .  GusmZo and an e x c e l l e n t  t ou r  of 
t h e  farm and region.  One a c t i v i t y  concerns farming systems work i n  which a  
r o t a t i o n  of g rass -c lover  ( 2  yea r s )  seed po ta toes  ( 1  y e a r )  and c e r e a l  ( 1  yea r )  
i s  being eva lua ted .  The demonstrat ion has been conducted over  20 years .  We 
a l s o  observed work on i r r i g a t i o n  and d iscussed  work being conducted by IUTAD 
s t a f f  members. Cooperation between t h e  two u n i t s  seems t o  be q u i t e  good. 
GusmZo pointed ou t  t h e  nematode problem on seed po ta toes  i s  of g r e a t  concern. 
Po ta to  y i e l d s  on t h e  r o t a t i o n  systems have averaged twenty t ons  per  h e c t a r e  
wi th  y i e l d s  sometimes a s  high a s  f o r t y  tons  per  hec t a r e .  Forage y i e l d s  appear  
t o  be approximately t e n  t o n s  pe r  h e c t a r e  i n  t h e  second year .  The s t ands  of red 
c l o v e r  looked ve ry  good. We t r a v e l e d  t o  a  mountain p a s t u r e  a r e a  nea r  
Montalegre. We a l s o  saw BarracZo and Brown Swiss c a t t l e  maintained a t  t h e  
s t a t i o n .  

October 19. We consul ted  aga in  wi th  Azevedo regard ing  growth r a t e  d a t a  on 
lambs. He has  weight d a t a  a t  d i f f e r e n t  ages wi th  more numerous d a t a  a t  young 
ages  than a t  advanced ages.  He had conducted r e g r e s s i o n  ana lyses  us ing  s e v e r a l  
models. A f t e r  s tudying h i s  r e s u l t s ,  we recommended t h a t  he des igna t e  f i f t e e n  
o r  twenty age c l a s s e s  and use a l l  animals i n  each c l a s s  t o  c a l c u l a t e  a  mean f o r  
each c l a s s  and develop a growth curve based on means. This  approach should 
a l low c a l c u l a t i o n  of a  r e g r e s s i o n  equa t ion  unbiased by l a rge  numbers of animals  
a t  young ages.  We a l s o  d i scussed  wi th  Azevedo some of t h e  ques t i ons  he had 
regard ing  a n a l y s i s  of unequal subc l a s s  number d a t a  based on means. We worked 
wi th  Delgado and Rui Loureiro on a n a l y s i s  of sheep l a c t a t i o n  da ta .  We 
suggested t h a t  they develop a  "normal l a c t a t i o n  curve" f o r  f i r s t  and second 
l a c t a t i o n  d a t a  and a d j u s t  l a c t a t i o n  d a t a  t o  a  common l eng th  of time i n  o r d e r  t o  
remove e f f e c t  of l a c t a t i o n  length  on mi lk  y i e ld .  Adjusted mi lk  y i e l d  can be 
analyzed by a n a l y s i s  of var iance  techniques.  He has  some confounding problems 
and should use d e v i a t i o n s  from f l o c k  means, i f  pos s ib l e .  Analysis  should be 
w i t h i n  l a c t a t i o n s  ( l a c t a t i o n  1, l a c t a t i o n  2 ,  e t c ) .  

October 20. We v i s i t e d  wi th  Nuno Moreira regard ing  a n a l y s i s  of a  d a t e  of 
seeding experiment wi th  oa t s .  He was concerned wi th  mult i -year  and 
mu l t i - l oca t ion  a n a l y s i s .  We helped him s e t  up t h e  a n a l y s i s  wi th  blocks nes ted  
i n  yea r s  and loca t ions .  Lechtenberg v i s i t e d  Guedes P i n t o  and h i s  co l leagues  i n  
p l a n t  breeding. They d iscussed  p o s s i b l e  ways t o  measure t h e  r e l a t i o n s h i p  
between seed s i z e  and number of abnormal s eg rega t ions  i n  each l i n e .  



October 21. C a r l o s  S e q u e i r a  and a  s t u d e n t  v i s i t e d  w i t h  u s  r e g a r d i n g  an  
a n a l y s i s  of l a c t a t i o n  d a t a  from a  d a i r y  farm. There  were  no t r e a t m e n t s  o r  
exper imenta l  t e s t s  involved.  They were t r y i n g  t o  q u a n t i f y  and d e s c r i b e  
c h a r a c t e r i s t i c s  of t h e  herd and d i d  n o t  have a  c l e a r  i d e a  of t h e  o b j e c t i v e s  of 
t h e  a n a l y s i s .  Mar t in  worked w i t h  Colaco and Macedo on problems concern ing  
g e n e t i c  s i m u l a t i o n .  

October 22. We t r a v e l e d  t o  Mezio and v i s i t e d  w i t h  r e p r e s e n t a t i v e s  of t h e  
I n s t i t u t e  of C u l t u r a l  A f f a i r s .  We o f f e r e d  some s u g g e s t i o n s  on k i n d s  of 
problems t h a t  might c o n s t i t u t e  r e s e a r c h a b l e  t h e s i s  problems and v i s i t e d  w i t h  
them r e g a r d i n g  t h e i r  program and a  development p r o p o s a l  t h a t  they  have p repared  
f o r  EEC. 

October 24. We d i s c u s s e d  Arnoldo S i l v a ' s  urea-s t raw experiment w i t h  him. He 
had q u e s t i o n s  r e g a r d i n g  a p p r o p r i a t e  mean s e p a r a t i o n  t e s t s  and we sugges ted  
Mewman-Keuls. He asked about  o r thogona l  c o n t r a s t s ,  bu t  t h e y  d i d  n o t  seem t o  he 
a p p r o p r i a t e  i n  h i s  c a s e .  We d i s c u s s e d  s e v e r a l  exper iments  w i t h  Antonio and 
Maria Mota. We he lped  them p l a n  an  o l i v e  t r e e  exper iment  i n v o l v i n g  t h r e e  
v a r i e t i e s ,  two t i l l a g e  methods and t h r e e  p o p u l a t i o n  s p a c i n g s .  They had 
proposed a  s p l i t  p l o t  d e s i g n  i n  which spac ings  would be t h e  whole p l o t  u n i t s .  
Such a  d e s i g n  would have r e s u l t e d  i n  o n l y  t h r e e  d e g r e e s  of freedom f o r  t h e  
whole p l o t  e r r o r .  Lechtenberg worked w i t h  them on an  a l t e r n a t i v e  d e s i g n  i n  
which v a r i e t i e s  would be t h e  whole p l o t ,  t i l l a g e  sys tems t h e  sub-p lo t s  and 
s p a c i n g s  t h e  sub-sub-plots.  

October 25. E s t e r  P o r t e l a  and JoHo C o r t i n h a  e x p l a i n e d  t h e i r  m i s s i n g  p l o t  
problems t o  us .  They had conducted a  f e r t i l i t y  s t u d y  w i t h  l e v e l s  of n i t r o g e n  
and phosphorus a s  t r e a t m e n t s .  The exper imenta l  s i t e  con ta ined  a  number of 
p l o t s  t h a t  f a i l e d  t o  produce h a r v e s t a b l e  y i e l d  due t o  i n h e r e n t  t r a i t s  of t h e  
s o i l  a t  t h a t  s i t e .  A f t e r  reviewing t h e i r  d a t a  we sugges ted  t h a t  t h e y  a n a l y z e  
t h e  d a t a  a s  a  comple te ly  random d e s i g n  w i t h  unequal numbers of o b s e r v a t i o n s .  
A l l  of t h e i r  t r e a t m e n t s  had a t  l e a s t  two o b s e r v a t i o n s .  Jose  P o t e s  v i s i t e d  w i t h  
u s  and d i s c u s s e d  t h e  a n a l y s i s  of swine d a t a  t h a t  h e  has  c o l l e c t e d .  He i s  
i n t e r e s t e d  i n  de te rmin ing  t h e  e f f e c t  of b o a r s  on l i t t e r  s i z e .  The a n a l y s i s  
appeared t o  be one t h a t  cou ld  be handled w i t h  an a n a l y s i s  of v a r i a n c e  approach 
u s i n g  unequal  sub-c lass  numbers. Fernando Sereno d i s c u s s e d  h i s  i n t e r e s t  i n  
e l e c t r o n i c s  w i t h  us .  He had no d a t a  t o  a n a l y z e  b u t  asked u s  t o  h e l p  him make 
c o n t a c t  w i t h  peop le  a t  Purdue working i n  t h e  p r o c e s s i n g  of e l e c t r i c a l  s i g n a l s  
and s t o r i n g  i n f o r m a t i o n  e l e c t r o n i c a l l y .  We a r ranged  f o r  him t o  v i s i t  w i t h  Bil.1 
Fr iday .  

October a. Nuno Moreira  v i s i t e d  w i t h  us  r e g a r d i n g  d e s i g n  of an exper iment  
which w i l l  g e n e r a t e  samples f o r  l a b o r a t o r y  a n a l y s i s .  The sampling would be 
d e s t r u c t i v e  and cou ld  n o t  be c a r r i e d  ou t  on a l l  p l o t s .  He proposed t o  measure 
y i e l d  on t h r e e  r e p l i c a t i o n s  and sample t h e  f o u r t h  f o r  l a b o r a t o r y  a n a l y s i s .  
Sampling t ime  would c o n s t i t u t e  a  f a c t o r  i n  t h e  exper iment .  We p o i n t e d  o u t  t h a t  
t h e  l a b o r a t o r y  s t u d i e s  would n o t  r e s u l t  i n  a  good e s t i m a t e  of exper imenta l  
e r r o r  u n l e s s  he  was w i l l i n g  t o  assume t h e  t h r e e  way i n t e r a c t i o n  e q u a l  t o  z e r o  
and sugges ted  t h a t  he add two samplings t o  each  sampling d a t e  from t h e  o t h e r  
r e p l i c a t i o n s  i n  t h e  exper iment .  We a l s o  v i s i t e d  w i t h  Arnoldo S i l v a  r e g a r d i n g  
c a l c u l a t i o n s  and a n a l y s i s  of a  r e p l i c a t e d  Lat in-Square  exper iment .  We v i s i t e d  
w i t h  Mascarenhas r e g a r d i n g  a n a l y s i s  of a  corn  s i l a g e  exper iment .  He had 
conducted t h e  exper iment  a t  two l o c a t i o n s  w i t h  f o u r  b l o c k s  a t  one l o c a t i o n  and 
t h r e e  a t  t h e  second l o c a t i o n .  The exper iment  was a  3 x  4 f a c t o r i a l  s t u d y i n g  



p o p u l a t i o n  d e n s i t y  and h a r v e s t  d a t e s .  He e x p r e s s e d  concern about t h e  number of 
three-way i n t e r a c t i o n s  ( l o c a t i o n  by p o p u l a t i o n  by d a t e )  t h a t  were s i g n i f i c a n t  
and d i d  n o t  appear  t o  be e x p l a i n a b l e  o r  t o  be impor tan t  b i o l o g i c a l l y .  A f t e r  
reviewing h i s  a n a l y s i s  of v a r i a n c e  t a b l e s  and p l o t t i n g  some of t h e  l o c a t i o n  
i n t e r a c t i o n s ,  it appeared t h a t  an  a p p r o p r i a t e  a n a l y s i s  should  c o n s i d e r  
l o c a t i o n s  t o  be random and t h e  three-way i n t e r a c t i o n  should be t h e  e s t i m a t e  of 
e r r o r  f o r  t e s t i n g  t r e a t m e n t s .  H i s  a n a l y s i s  looked very  much l i k e  he had two 
components of e r r o r  w i t h  t h e  b l o c k  by t r e a t m e n t  i n t e r a c t i o n s  w i t h i n  l o c a t i o n s  
behaving l i k e  a  sub-sampling e r r o r .  

October 27. We v i s i t e d  w i t h  Azevedo r e g a r d i n g  h i s  c a r c a s s  e v a l u a t i o n  
c o r r e l a t i o n s .  He i s  t r y i n g  t o  i d e n t i f y  an e a s i l y  measurable  t r a i t  t h a t  cou ld  
be u s e f u l  i n  p r e d i c t i n g  c a r c a s s  composit ion.  He measured many v a r i a b l e s  (more 
t h a n  can be handled by IUTAD's computer i n  a  s i n g l e  c o r r e l a t i o n  m a t r i x ) .  We 
sugges ted  t h a t  he s e l e c t  sub-se t s  of v a r i a b l e s  and i d e n t i f y  t h o s e  independent  
v a r i a b l e s  t h a t  have t h e  h i g h e s t  c o r r e l a t i o n  w i t h  t h e  dependent v a r i a b l e .  We 
a g a i n  v i s i t e d  w i t h  Arnoldo S i l v a  r e g a r d i n g  a n a l y s i s  of h i s  L a t i n  Square  s tudy .  
We worked o u t  t h e  examples on a  sheep n u t r i t i o n  s tudy  i n  which he  had two. 3 x  3 
squares .  Mar t in  v i s i t e d  w i t h  Delgado r e g a r d i n g  a n a l y s i s  of h i s  sheep l a c t a t i o n  
d a t a .  Delgado i n q u i r e d  abou t  t h e  p o s s i b i l i t y  of g r a d u a t e  s tudy  i n  t h e  U.S. 
Fernando M a r t i n s  v i s i t e d  w i t h  u s  r e g a r d i n g  d e s i g n  of a  p o t a t o  exper iment .  We 
he lped  him wi th  t h e  d e s i g n  of a  v a r i e t y  t r i a l  and a  nematode-variety s tudy .  We 
sugges ted  adding check t r e a t m e n t s  t o  t h e  nematode s tudy  t o  document t h e  change 
i n  nematode p o p u l a t i o n  independent  of p o t a t o  growth. We a l s o  d i s c u s s e d  p l o t  
s i z e  f o r  p o t a t o  s t u d i e s  and sugges ted  t h a t  he  d i s c u s s  t h i s  q u e s t i o n  w i t h  D r .  
E r ickson  when he v i s i t s  l a t e r  i n  t h e  y e a r .  Mar t in  v i s i t e d  w i t h  J o s e  P o t e s  and 
Rosa Canha r e g a r d i n g  t h e i r  a n a l y s i s  of t h e  swine d a t a .  C los ing  ceremonies  f o r  
t h e  seminar  were h e l d  w i t h  15  c e r t i f i c a t e s  of c r e d i t  and 26 c e r t i f i c a t e s  of 
complet ion be ing  awarded. R e i t o r  Real p r e s i d e d  a t  t h i s  a c t i v i t y .  

October 28. We worked w i t h  Eduardo Rosa concerning t e s t i n g  d i f f e r e n c e s  between 
r e g r e s s i o n s  i n  h i s  g a r l i c  b u l b l e t  s i z e  s tudy .  The r e g r e s s i o n  a n a l y s i s  c l e a r l y  
i n d i c a t e d  t h a t  on ly  one r e g r e s s i o n  l i n e  was p r e s e n t .  T h i s  i m p l i e s  t h a t  t h e  
p o s i t i o n  of t h e  b u l b l e t  had no e f f e c t  on t h e  growth of t h e  g a r l i c  even though 
i t  appeared t o  be s i g n i f i c a n t  i n  t h e  a n a l y s i s  of v a r i a n c e  procedures .  T h i s  
d i sc repancy  a r o s e  because of confounding between p o s i t i o n  e f f e c t  and b u l b l e t  
s i z e .  

October 2. Mascarenhas a g a i n  v i s i t e d  u s  r e g a r d i n g  h i s  c o r n  s i l a g e  data: We 
con t inued  t o  d i s c u s s  t h e  p roper  model and e v a l u a t e  t h e  two d i f f e r e n t  approaches  
f o r  making t e s t s  of s i g n i f i c a n c e  i n  h i s  d a t a .  We recommended t h a t  he  i n c l u d e  a  
s e c t i o n  i n  h i s  r e p o r t  d e a l i n g  w i t h  t h i s  t o p i c  and t h a t  h e  c o n s i d e r  l o c a t i o n s  t o  
be random and make t e s t s  of s i g n i f i c a n c e  us ing  t h e  three-way i n t e r a c t i o n .  T h i s  
w i l l  r e s u l t  i n  f a i r l y  c o n s e r v a t i v e  t e s t s .  Mar t in  con t inued  d i s c u s s i n g  modeling 
work on animal g e n e t i c s  and i n h e r i t a n c e  w i t h  J o r g e  Calaco and Macedo. We 
d i s c u s s e d  r e s u l t s  of t h e  n i t r o g e n  and phosphorus s t u d y  w i t h  P o r t e l a  and 
Cor t inha .  The complete ly  random d e s i g n  a n a l y s i s  had worked n i c e l y .  I n  f a c t ,  
t h e i r  exper imenta l  e r r o r s ,  assuming no b lock ing ,  were of t h e  same o r d e r  of 
magnitude a s  i n  p r e v i o u s  y e a r s  when t h e y  had ana lyzed  randomized complete  b l o c k  
exper iments .  C o r t i n h a  had worked o u t  t h e  c o n t r a s t  c o e f f i c i e n t s  f o r  o r thogona l  
r e g r e s s i o n .  We a l s o  d i s c u s s e d  mul t i -year  ana lyses .  The s tudy  was conducted 
w i t h  one s e t  of l e v e l s  t h e  f i r s t  two y e a r s  and were changed f o r  t h e  l a s t  two 
y e a r s .  We sugges ted  t h a t  t h e y  conduct two 2-year ana lyses .  We worked th rough  
t h e  a n a l y s i s  of v a r i a n c e  model w i t h  them. 



November 1. (Hol iday)  We l e f t  w i t h  J o r g e  Azevedo f o r  L i sbon  by way of t h e  
S e r r a  da E s t r e l a .  We had a  v e r y  e n j o y a b l e  and p l e a s a n t  t r i p  and s p e n t  t h e  
n i g h t  i n  Manteigas .  

November 2. We l e f t  e a r l y  f o r  Lisbon and a r r i v e d  about  3:30  PM. We v i s i t e d  
J o s e  L u i s  P i n h e i r o  a t  t h e  A I D  o f f i c e  i n  t h e  U.S. Embasy. 

November 2. Trave led  from Lisbon t o  West L a f a y e t t e .  


