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PrefaceThe term "data analysis for educational planning" may have differentmeanings for different people. It will be useful at the outset to elaborate someof the assur-ptions that the authors of this text have used with regard to theterm. In what contexts do we see data analysis and the planning ofeducation?Data analysis is viewed as but one part in a much larger research process.Perhaps "research" is too grandiose. It is really just a question-asking andanswering process which starts with a clearly defined question of interest.Next, information is collucted in response to this question. What kind of dataare to be collected and how they shall be collected are typical concerns here.These matters are discussed in Volume Ill. The collected information mustthen be stored fr :asy retrieval. Depending upon the circumstances, thismay mean nothing more than a few loose-leaf l)ages stored in a folder, or itmay mean the creation and management ofcomputer data bases. During thefourth stage in this simplified research process, analysis (if'the data takesplace. It is here ti at tile coIlected data are subject ed to a series of techniquesand procedures designed to address the questions of concern. Ill the fifth andfinal stage, results of the analysis are interprete.d and reconmiendationsmade. Only the fourth, anIalysis slage if] the research proces.s is of corlcerln inthis volu nmI.eIn this discussion we rein narriwly definle data analysis as the set oftechniques aind procedures used to inurease 'he allliout of inoforlilationquantitative data. This is rot froni 
to say that qualitativ.ior*are not used 1 i'lcati(nal planners. It only 

data arn. ot inluportlit
eaIn1Is that the analys ,s ofsuch data is sufficientl differe ut from the ualvsis (f quaut itative datlit would 'varr,nti thatits own oxtendend discussion.There is also an orgalliz:1inal c.niteNtfor inclusion here. Tie primiarxy a idienc, 

implicit in the mattl.,;rs selected 
with is lassuried tothellaiiing of he pevpe conc('ertdeducation 
syste level planning. But 

This ihclides lirograni, Ilstituttioial andt eAiniii COIrV dssunii)tions areneu. works ill an org;tli~izltio~l;, that the plani­setting whert, at least sonie of the followingfeatures are inportmoot aspect , Itlie work: 
-- dtecision-irakers a,,if rdlniagers need (uicklv Sult)hliI(d analyseS,even if limited il .,cope, rat hir tli mor (elaho)rto' stutdies'thattake a longer ti nlw to rl ;I':

- derisioim-nmakq 
1 'ru; il rid ranagers aill, 0)lC'l'rei with specific prob­Ie],ls and are unl ' n-i ,dot 'nhuo l it 'rlifin, to all ipossihiesituatioris;
 

-tile plnillner(I or 
 tudatIstl ust think if, teirt, of' the )peratingsystem to which the d(ata refIer, arid thu poll(iy%ilistruiinents avail­able to tlie (ht'cision.mker. ard
 
-
 simplicity ol'aualy'sis is impolrtant for easetransli .isioi oofi' results * hut 

of iite'rpr(tation andalso hi.1'1"sf, it perlilts increasedlocal control over the dirtectior ;ridl c'mduct of, the alysis

These assumpt ions 1
 ayi , aifect ed the select iin of iaterials fo r this volume,of which there are thirt hasic types. First tihere is a series of chapters which 



are instructional in nature. These are designed to teach basic and practical
techniques and procedures for the analysis of quantitative educational data. 
The vast majority of the techniques described in the text can be performed
with paper and pencil, although an inexpensive hand calculator removes 
much of the drudgery from the work. The level of the material is i ntrL iIctory,
assuming no prior knowledge of the subject.

The rudiments of each technique are first presented, and are then followed
by a series of refinements. Whether one uses the simplest form ofa techniqu" 
or a more refined form depends partly on the situation. Scratching the 
surface, or looking for only tile most obvious points of an analysis, may
require only the most elementary forms of analysis. Going beneath the 
surface often requires a and man *little moie wiirk, y of the iefinenents in 
techniques allow tie analyst to probe rescarch quest ions illnomu'edepth thani 
is possible with the simpler f,)rns of'a techli(ite. What level of'sophistication
in technique to choose is lepdesituationally lititnt, and sho(ld he based orn 
decisions as to purpose of the analysis, time available, and other resource 
constraints. 

We are not offering here just another standair statistical trvatise, e%en 
though there is cons i era Ile overlap betwee n what is liresent, t and similarl 
material found in introductery in:l int'.1roiliate statistics texts. The reader. 
for example, will find little or no liscussion -0)a,1t iirobahilitv tho.rv, difl­
ing distrihutional firms, hy)ot hesis testing and other similar1' itemsi found in 
statistics texthooks. The materials in this hook rspoind to two hasic qustions
in educational planning: What Cal Ih'done to incl'ase the aloullt of inifi­

ctll I)mation available front educat imal data. anl what techlnoju '. hised inl 
given situations?
 

Chapter l intitiroduces a schemla ofinilysis ttchniqtl'qs and discusses which
 
areiiplprtp'it1for use with diiliment ki mids ofdata. Simmpl 
 dali.jhlvs of 
data, in the om of, stit(tl-alid-haf diiaglanis histograwll' bar griphs."box 
plots, statistical mlaps, and graphs i e ih'il in t 'haItle 2. t hapters :iandr
,4discuss ('01n10 himl'Iis ofti' ble dit. iaiii liuuw to ollliijl oon. inihummliation
 
froni the dlati than nwire inispic',ion priuts. ('haliti.r 5 is devoted to regmes­
sion analysis, o e of tin rlont, j,', rftl techiiqmis fur ixplol-iilg rehitioti­ships betwee~tn va111i~bhes. :11-vl,. Iniall t'hale(r .Ill tll;mli all3 ur t-d 


the technitiis in these chapters will provide Ilitimnalvst with a !isi> for 
dealing with the m.jor types of'Itimitititivo dt oicilrrimw In isili'ticmial 
planning situations. 
"rhel-ralso a series ofexemeises iolI probhlm st.'l which perlmit thi.; 
 ar. 

to practic( the analysi techniques ,,iscnihd in tin te.t. Tlv prohmmi sets 
aplearing it thi end of oacith chapter us, dati taken from an actil ,iduci­
tional aanning situation which has been disguisedi for incluslon hen. 'lh 
situation is silnipe and widely relvait: ligr-ilion alnd d'logrphic factol-s 
have caused a region ofla'iiitrv t expeil fluctuting t'iriiliints. The 
educational authorities ;il(, colicenel' wit lh lt, impact that chlanging ell­
rolilnents will have upoln the cost and quality ifedlucatioi. The data set used 
to address soie of, these conct'lls are introiiucedt in ('hipter I and then used 
in the practice exercises at the end of each succeeding Chapter. In addition. 



there are several exercises included in the chapters that can be used toprovide additional practice in the techniques described.The third and final type of material included in this volume is found inChapter 6. This chapter is a case study of how oven simple analysis ofeducational data can be used to support policy. The setting of the case is theMinistry of Education planning unit in Paraguay. Of particular interest inthe analysis is the usefulness of multiple-grade classes and double shifts inthat country.
In total, it is hoped that tie instructional materials, practice exercises, andcase study will provide complementary introductions into the use of dataanalysis for educational planning purposes. 
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dHAPTIER1I} aaraa 

Categories ofAnalysis TechniquesIn tiIn r d y c a + .c o t r 
'':. ,+ a + : ' a :+: : ,:a:t 

Gary Lewis 

1.0 What's Ahead? 
In this introductory chapter, the mainpurpose is to outline in brief fashionwhat the remainderof the text will include. To do this, basic terminology that

appears frequently must first be defined. A schema of analysis techniques isintroduced as a vehicle for defining basic terms and for identifying thosetechniques discussed In later chapters, The schema can also serve as a guidethprper selection of a tehiugiven spcfckinds of data andthgeneral purpose of the analysis, Finally, the reader will be :atroduced to a 
data set actually used in an educational planning situation, Analysis of thisdata was used in an effort to assess the impact of fluctuating enrollments onthe cost ofeducation within a region of an (unidentified) country, The data setwill be used throughout this text as practice problems appearing at the end ofeach chapter, 

2.0 Techniques for Data Analysis 
Shown in Figure 1.1 isa schema ofprocedures for data analysis often founduseful by educational planners. While there are additions that could be madeto the schema, the identified techniques will permit the planner to addressgeneral questions of concern using the kinds of data most commonlyavailable,
Before going through the schema In detail, a prior word concerning thestructure of the schema Is in order. The items in boxes refer togeneral steps Inthe data analysis process. They also Identify certain kindsofdata with whichthe analyst often deals, There is a rough order to the numbered boxes in thesense that steps near the top of the figure normally occur prior to those nearthe bottom, But within a row of numbers (e.g., boxes 6 through 10 appear atthe same level in Figure 1.1 there Isno significance to the number sequence,which iaused merely for identification purposes.
At the end of a tracing of boxes and arrows, the reader will find a doublehorizontal line. The items below these lines are specific techniques to be usedin situations described by the tracing of boxes and arrows to that point, Forexample, find ste'alnd-leafdisplays in Figure 1A, located below Box #6(Interltal data),It will become clearer momentarily what is meant by all theterms, but for now it is sufficient to indicate that the structure ofthe schemasays that stem.and.leaf displays are-suitable for use with Interval data 46,on asinglovariable (#4)fordescriptive analysis (#3ofthedata collected (#A

1-2), Beneath the listrfa nalysis procedure~s appropriate fr aal4 given 
'ax 

-a Ij 

"' " " 
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.$ 

I"' a 

a'fIa
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Figure 1.1: 

Schema of Techniques for Data Analysis 
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3 Analysis Techniques 

3.1. Universe of interest (Box 1 in Figure 1.1) 
The universe of interest is the entire set of units (people, schools, classes,geographic regions, etc.) that the analyst wishes to study. If we wish to learnsomethingabout educational expenditures in countries of the world, then theuniverse is the entire set of countries. If we wish to !2arn sonething aboutstudent achievement in grade 6 in school Z, then the universe of interest isthe entire set of students in grade 6 in that school. If we wish to learnsomething about school facilities in a given geographic region of' citintrv.then the universe of'interest is the entire set of'school faci lities inthat region.The important feature to note is that a universe is determined by tit(subject of sttuly. Somietinmes it maN include nan, units; at other tiies oulY itfew. What ony be a universe of interest inone sttodl*vm ht ,rila1
li sul.,et of
interest itanother. Iliother words,; (escript ion of tle tniver.,, jtmtitially dependent, to he definted y 	

t ­
tlt topic of intir(,.t
The universe is also commnll'N refel'rred to ;i
s Il(tpop'alfil of ulttrI-StBoth terms are used interchangaiblyohere. 

3I.2. Data colh'' tion 1i[ox 2 itI+'in ].1io'(i 


After having defined the utiivi' , of i ,te"svt,it i ntvl-.>, V, it ollvttrelevant information. Iftlie luivrs, ,ifi 1tir,i 	 small, it 1 l ialti p% ..Ii­to collect i rnrmation on all oilthe its. Vo"r exaniple. l; . l IIr.Ip 1, 111terested in total inrolhtints in tn, IfMol- oilr IIIit is bo)th possible and desiralh 	
i-..rlir (h,t1,ir-,1h-,n

to cilh,-ct (i- irfIrtIna tii ;dli t tI-i h I th.schools. Illt i iscatl.h t t 1 r n VI i i ) t ir al llpilt, ltil, ri llI l
 
anal sis.
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universe, then our sample statistic and the actual population parameter willbe fairly similar. Typically, we do not know what the population parametersare, although it is often possible to determine with some degree of confidencethat out statistics, based on sample data, reflect the population.There are various methods that can be used for selecting a sample from auniverse of units. These will not be detailed in this text, since theyproperly belong in morea unit on research methods. However, one method ofsample selection is of central importance and should be mentioned. Thismethod, called simple randomsampling, is important because it underlies somany efforts on the part of statisticians to answer the "Can I believe it?"question. For other methods of sampling, it is often difficult toquestion. answer thisFor this reason, and because it is easy to learn and apply, anintroduction to simple random sampling is provided in the Appendix. 

3.3. Single-Voriabl Descriptite Anialysis (Boxes 1 through1.1) 10 in Figure 

A central term in data analysis is the concept of asupervisor of several schools wishes 
variable. Suppose ato learn something aboutsalaries in teachertileschools in his or her jurisdiction Data onteachers would be collected, either through a sample ift ha 

tihe salaries of 
isnecessarv, or
from the entire universe if that is possible and easily obt ained. Al item fo'which information is collected is call td a varihh,.Tech nically, aquantity that iilya variahle is atake oin
oil- of a11,11Y
varying values. Tlu'aclhei4s' 

1)sile,valucS' that is, a ,ariible hassalaries is the variablc of interestexample, and, of in the abovecotrsc. salalies do va r% frol teacblc'conceriled , to teacher.. If one iswith sttdelt ichie%t'ii en scores, then the 'arialile of ilterest isaclieve menlIt scoIes, obVi0osly var'ving fto'i stltnlit to stdent,liTh age. sex,height, race, and e(ulcational attainitn Ie'vel of'a g111p of ilndividuals ar'all variablos that might be of interest.When dat have been collected on a single variahl, the, 1t'stanalysis isnorl'llly used to describe implortani.-t featlrtes oltIlt, variahllt'. T'pical y,theseanalyses adiides,- the d'cisionml-lk, ;'sneed to know answers11oUCh?" (ttestiols. We o tole "llowMijhIlt. fort xamnple, wish to know whatsalary was ill tlie nni linuma sanpl o'school adulinistrai.s: oi, what the ramigl,' Itl't,eilnininu 111
a lldiliaxiilll salii'i'.; was; of perhaps soitlf-tlng aloultary most coll..,ny eard by 
the sall­

thlt'
ilndividuials inthe/ roup.
While there are several differelt t('clnlliues that call he
sinfgle-i'ari;tl. l iiployt, 6 1sutichaaIystes,Mozere-cisel(y it their legit i ate list delild tlp 
yd 

dept1)nds upIonl thWIC('T'O/ .14-111, n t 'wkind odta." involved ill the'dauta 
Resealthers halve trailitionallv distinguishted
surellint, these 

foUridtift'er',lit I ,'v'.,f ita­loilig ?,ioi, tl1 f1r1l l ui''ol, ail rt? ''l it last twitlevels are similar tloigI So that in practcal llsogeidentical l'or ot' prllploses heli 
thet. t lit' considtert'd ,.we'will be concermitd ,rly with nillinal,

ordinal, and iuterval scales.Perhaps the Ilost f'tlalidlmlnlial level of vieastlien ltll is simple classifica­tion into catiegorie,. It is possible, foi' example, to classify people by their sex. 
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by their race, by their religion, by the color of their eyes, and by a host ofother
variables. A nominal scale of measurement occurs when we classify units
(people, schools, classrooms, etc.) into these kinds of categories, with noorderedrelationshipbetween the categories. For example, students can be
classified nL, guong to School X, School Y, or School Z, without any implication
of order Letween the schools - that, for example, School X is better or higher
on some underlying scale than the others. Such classification i,; an example of 
a nominal scale. 

When we classify units into categories and there is an order that can beperceived among the categories, then the scale of measurement is said to beordinal. We might, for example, classify a sample of individuals as having
attended either primary, secondary, or tertiary schools. In this case the three
categories do have an underlying order to them: primary school must usually
be completed before secondary school, which in tu-n is completed before
tertiary school. The scale has the dimension of length of' schooling: those inthe primary classification have attended school for less time than those in
secondary or tertiary categories, antd those in the secondary classification
less than the individuals with tertiary education. It should be pointed nut
that an ordinal scale (foes not permit one to discuss the distance between 
points of the scale. We can say that the tertiary education classification isgreater than the secondary or primary ore, hut we cannot say how much 
greater. 

When there is both an ordered nature to the data, anid it is possible to
specify the distance between any two points on the scale, then the level of' 
measurement is said to he interral.An examlple of' such an interval scaled

variable would be the age of individuals. 'lhis eliets 1oth oftlo 
criteria listed
above. First, points on the scale are ordered: a i)lrsol whose age is lS is
higher on the scale than someone whose age is H. The scale, of' course, 
measures the length of time the indiVidulAl has been alive. And, seconlly, the
distance between any of the points on the scale can he specified: sollicole IS
 yeors of age is I0 years older than 
 4.lioorie who is S. The two toinlitions of,
ordered data ani distance specification are hoth r,,ui red for a scale tof he 
interval. 

Note that the comlitions required for a nonliroaf scale ire l while, minimial. 

those for an oidiial scale are 
soiewhat more restricted, and those foi an
interval scale the most restrictive conisidered here. We often speak of the
strength of' the level (f Ileastiletaent, with n+ominal tie weakest I'e­least 
strictive), iriterval the strongest Imost restrictive+ miad the o.',!loaf scale 
intermediate in strevigth. 

There are soine additional term.s closef assoc'ateid with tli, l.l of Inea­
surenient which appear cornilony in analytical studies. A variable is said to
be (liscreto' or(tcA/gerical when the level of Iu'asnrell'nt iised is nolilitial orordinal, that is, haSed upon cfissificatiot into categories. A varlable is said to
be continuous when the level ofr Ileasurellient is hased uponl i11iliterval level 
of' neasree lit. 2 

laving distinguished bet \een hvelk of' inasutreli(ntit and kinds of'v'arables, it is possibh to finish disciissinig lhe variety of atnalytical tech­
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niques possible for descriptive analyses of single variables. In Figure 1.1 thereader will see that if an analyst is concerned with only one variable, the kindof technique to choose is determined by the level ofmeasurement involved. Ifthe variable is measured with a nominal scale, then bar charts can be used,with summaries like percentages, proportions, and ratios used to describefeatures of the data. If an ordinal scaled variable is to be described, histo­grams are of use, with medians and H-spreads for further quantitative de­scription. If the data are interval, stem-and-leaf displays can be used alongwith means and standard deviations to summarize the analysis. It is notexpected at this point that tie reader, will be familiar with any of thesetechniques nor the summary calculations to be used with them. That is thepurpose of the remaining chapters. The important point is the fact thatdifferent techniques are applicable to different kinds of variables or levels ofmeasurement. This also means that techniques can be misapplied by usingthem in situations where the conditions for their use have not been met.It is worth pointing out that techniques and statistics that apply to weakerlevels of measurement can always he used with stronger levels of measure­ment. For example, percentages or proportions which are useful in describingnominal data can also be used for interval level data. On the other hand, it isnot appropriate to use means or standard deviations with nominal data.These statistics can ie used when tire conditions necessary for interval levelmeasurement havye beea n et: aad these conditions are riot me, witi nominal 
or ordinal data.

As we shall see, however, tIle full utility of'a technique is gained when it isused with the type of' data for which it was intended and not for data atstronger levels of niasurenient. To use percentages for interval level data.forexample, would require that somewhat arbitrary classification categoriesbe established, with a resulting loss in inf(iI'ilatioti. We could classify in­comes of individuals, for example, into low, inediumi, and high, and thencalculate the percentage of people in eaclh category. But where the cut-offpoints between low,iedium, and high incomes.slho tld occil r is a probleti.would also inot Wehe able to determine fromni this analysis alone w1at theli rntim i or' t iiintahan incomes were, or \,'itat intotles iltost coinlonlYoccurred. So there is a price to be paid whel techniques appropriate fiorweaker levels of' measulrement aret used with data av:lilahle at a !trotiger
level. Thi price paid is usually a loss ol'inforitation and all introtduction of

increased amnbigLAitv.


Techniques appropriate 
 for use with interval, otditnal, and tiotiinalvairiahles aT discussed in ('hapter 2. Also i:'esente(i il hiat 'fapter are two
closely related tecliniques, each for 
use with a single variahle. Iut ill in­stances where the variable is avaliaht at severad pIoints ill titie or is avail­able for different geograplical regiotis. If'. ftn" exatmple, we collect da.a oiiaverage teacher salaries over the past several years, a Praplhical iisplay 1iiaybe very effective ill presenting a visual impressititi of any trends. Suchdisplays are also effective wheti comparing trenids tot1 the saiie variable butfor different grtiips. Simiilar,, it may ie that we have alta ilavailableseveral different geoigraphical regions. For example. wo may have informa­
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tion on average teacher salaries for each of several school districts within a 
region of a country. In such circumstances, statistical mapping techniques 
can be used to show the variable of interest across the geographical regions
displayed. Both graphical and statistical mapping proccdures are also dis­
cussed in Chapter 2. The emphasis in that chapter is on the "How much?," "Is 
it different from?," and "Can I believe it?" kind of questions that confront 
educational decisior-makers and must be addressed by planners in their 
analyses. 

3.4. Data base classification (Boxes 11 and 12 in Figure 1.1) 

It is often the case that planners are concerned with questions of relation­
ships between variables. How,for example, do educational expenditures rise 
as the number of students increase? How are program enrollments related to 
the sex of the student enrolled; i.e., are females apt to be in one kind of 
program while males are in others? How does social class affect the opportu­
nity for attending school? These and countless other questions are of poten­
tial interest. They all involve assessing the relationship between two or more 
variables. 

When doing analyses which relate one variable to another, it is customary 
to classify variables as being either de7pend'nt or indele';dct'. I)ependent
variables are those believed to be influenced by other variables. It is the 
variation in dependent variables that is typically of interest. Ultini)'.elv we 
would like to be able to understand what causes or what accounts fbr this 
variation. The independent variables,:I on the other hand, are those variables 
which iebelieved to do the influencing of tlie dependent variables and thus 
are believed to account for some of tihe variation obse rved in tile dependent
variable. These dlefinitions become clearer with a fe. examples. 

Suppose we want to know how educational expenditures rise as the number 
of'students increases. 'I'he object of the analyses perfo rmIted will be to deter­
mine how student-body size (the independent variable affects expenli(lit'res
(the dependent variable). We are attempting to exllain bow expenditures 
vary, from low to high, as influenced 1iytht' size of the student enrolhnent. 
SinilarIy, if the concern is witi how program elrnirtlleints are affected by the 
sex of tile participant, we want to rtelate sex (the independent varialte to 
enrollment,i the plendent vari h) ifwe're concerned with (l'eff(ct of 
social class upon school pa-ticipatioi, then tilt' relationship between an 
independent varialle called social class anad tile dependent variale (school
participation) is of inlerest. 

It should be cl.,ar that the re liohard arnd fist rules for cI issifving a 
variable as independent or de)(id(,nt. It is sithuationaIlly d';endt-nt. and the 
ultimate claicsification depends upon the (uestion of irterest. The sarie 
variable may be an independent valriable in one instance and a dependent
variable in another. We rayv, fc'rexamlle, wish ill ure cas' to relte educa­
tional attainnment (lte independent %ariahle) to 'arnings (the dependent
variable), and in aniotrT to relate social class ithe independent variable) to 
educational attainirent ithe dependent variable). This is an exaraple where 
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the variable for educational attainment is used as an independent variable in 
one instance and as a dependent variable in another. 

Assessing relationships between variables is often done with the underly­
ing assumption that understanding the relationship may permit some degree
of control for changing things. This is often a fallacious notion. While this 
idea will be repeated several times in chapters to come, it warrants some 
mention here. A less ambitious reason for exploring relationship questions is 
that it permits increased description of the situation of interest to the plan­
ner. We may, for example, fihd that earnings increase with an increase in the 
educational attainment level of' individuals. This may be a reasonable de­
scription of the relationship between those two variables in the sample or the 
universe ofindividuals fbr which data was collected. It is an entirely different 
thing to say, however, that if we increase the educational attainment levels of
low-income peoples then their earnings will rise. This may be the unfortu­
nate impression left by our findings, but one that may he quite unwarranted. 
Even though we have provided a description of the relationship between the 
two variables, our data do not permit us to deternine the mechanism, or 
process, that gave rise to the data which we are describing.

Without knowing the mechanism, or underlying process, it is almost fruit­
less to suppose that policy recommendations can be made from the descrip­
tion alone. To influence events with policy ma' require a great dal of 
additional information about the situations involved, the culture, the his­
tory, the peculiarities of place or time, and a variety of other things not 

-obtained with the (uantitative data. , lor many dttucationtl situations this 
can atonly be suppllied, ift ill. by individuals who know about the problem
being studied. Policy recominendatioIns most occur only after a synthesis of 
the descriptive iesuolts and the theories, proposit iifs, , ypot htses, ir 
presuimed uniderstandin gs of the Ilechanisins involved, and these iust be
supplied by people faiai liar with the problemn. This is often a social process
occirring ill it political context. It may be that tIn planner analyst will 
participate ill this synthesis process, not only as the producer ofthIn'analhsisbut as sonleone familiar with the Situation o'fconcern. Cerl-tainly. t'aniilia'itv 
with the situation increases the likelihood that the analx :t will rtcognize the 
limitations of'theitatai. 

:1..5. I)k lc'rl mm llt,,.l ,,I h / I 11 1 , ))1' Iifh (tU h 1 ill Fl_ ut'r , 1.I 

• ut.'t l l v( hv oh( i,, ll l tll' 1illlt'111 114.1l''l t - Ilil(. -1;I1 l-1 1 ,;ll tl 'tm r(hll '+ l1) 

bfe oat(l %wth dl'i'iti n mailta'- . Ili' kind liltdatt h~tt.iim iii- i t, p't'il'e . 
to tists w I'li -a' it; n I -lt'i p- l ' 'al It t - i ' iii t,co m plllit'illid 1, l, 1 % ll(-l ),i x l( 1il l (i . \ I' ll~h ltl~t hr( ',,n if'I',d . atndI tit 
pr l.)() cho w(, (it 1(-'himi(lle (h'ip nd- ,i t h(, kind~,)i tLitI i t .),, I , \ ;,iillh , II 
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v il 
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i . l ) h n i n i h - i -.' ] h1inl 11 ( e{dl i - t c l l e' ." "1t i llH, Il('~ H Tl . ' l I hel 
4'i ,1 <i i I :] ,1li F i r e( 1 , 1 i n di l u'i l (l , 1 4 1 ( i ) '~ ( t ( ,t hlin i l tot1 r ln x u c h o o ) ;I. 

lo)r it g2i\cll l.ltHittli. V"orlt-X iip e )] ( l fh|h ill 1(hl,pen,)d(e t ;1111d l l ill n 
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variables are categorical, then contingency tal)le analysis is indicated. This 
is a fairly common kind of analysis problem dealt with )y educational plan­
ners, with all tables Of counts fillining in this category. If, for example, en­
rolhnents in various prograins are cross-classified bv the sex of' tile partici­
pant, this ioformation is easily presented in the fo1m of1a coLui of' nale 
enroll ments in programs X, Y, and Z, as well as colunina of femlialo en­
rollnients in the same programs (see Table 1.11. In this case we hive what ii: 
called a ('011ingn'o , table, or a table of counts. Vario)us statistics can Ilie 
calcuatecd to assess whether the variables are related and the strength ofthe 
association. Analysis of' contingency tables is (liscussed in ('hapter 1. 

'TIable 1.1: 

Ant Exat/mple o Tab ol Co('014/l., ,h]l-gA4 'H liim ELi 4/I'S l I/,'l bY' SoX 

SexMali'inl, I"lilthsPrg a le,s "l'ltal, 

P)rograni X .0-

'l~lialli XI( 5I,.' 

A olt1hei fo1il .'1 tlled c;1t; t4li> lI',4 4lwiltl ill lili .lllllh l-
Shown ii 'lhilh 1.2 414tl4 ildiu; ilng tl4iIhir -1il1i1v (i1,f\'l'4l444! 14u4ch14i, ill 

i lii at)liiilil -a1 44441 i 414411h1vll ta'rla 1 oI i- I -ll ilii'l\ I t)iill 
fill hotl Iit l I ;i l illI l I(,>. It . hai-hil, l- l rll , ' -4 tLhi-l I L IIt1n i4 lI
Ihs ll / ll lIlalI(-,l ill- Iliih -. II i4-lIcl I\ c I, It )h,Ji c Y1,I\.NI;lil\ lit 

mllli4 ll illtl '114- i %14-,t I ' I lI (lh itll l -4I t hf44 I il'Ic- Ill iw d l i ' ­
filul( Il P ill l ' .- lll1111i0, i llimll\'I- Ivll~ ii llic-,%.I t 1,h c',Illi Iw, t llpl (-d, I(,
lb41 i Ill;11111 ' 4111li wil l 'll )I ll -i1 h11 ;, . ilild 444 llli \\\ Ill I ll 14 111- , 

l41I11whIIIA, \ -1, Illi41',444l l4-11 - , t It1 l-4 ,l I4 ( I Ii.l l. ll I I im ) i c'iilllt. ( I
discuk.>lrd I [ :l' , 1<-. l . ~ l~ (-x~jllI*l;llI1 \ l ,\I \ ;ili;il\ -,I-, dh,-( Ilib,dI- Ill 

( liap r I.
 

.S\ 1211 

Fmal ,Sf12 /itIlotln , 
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As indicated in Figure 1.1 (Box 17), regression techniques we used For tileanalysis of (tlta when hboth the dependent and independent variables are
continuous. Regression would he the appropriate technique to use, for exam­
pie, if we wished to relate educational attainment (in years of schooling} to 
ea ronings (in cttM aniount ea rned . Rlegression amalysis h as been described 
)v solime as tlie most powerfiul , tatistical tool available to the researcher or 

planner. But, as alwavs, where t iere is potentially great tutility fora technol­
ogy. there is also much rooii fothouse. In Clipter 5 we d ell] with some otrthe
problems ill the appl at ion of'repressioln an al*ysis to planning data, as well aswith the lmsic: of regression 0,ndt),, assti iiptiois which underlie the 
tech nilue. 

4.0 Sumnmary 

In this chapter, a schema for categorizing analysis techniques has been 
presented :is i ntwious to intr)(Iuce terminology tiat will be used throughoutthe text, and to (hscrile tfho purplst-s o'ftite chipters to fillow. ligure 1.1 lm valso be usel'tl as a inrf i tnini . )2uidt ill the seft i(on (f ;i1 lt)lt r hltal;,teclnique. It the, tiIal Yst ki.o\ what 'clilel type of" qlltiolt is to he 
addressetd and the kind of'dlat;t imxolve. thl aiprfpritv box in ligttnre 1.fl 

will inlicat(t an 
 ;iI \yIs tanahltiltt f'uitositti~itiitt f U tx;infl. wexfimix
 
a IelatiOo:if questiuon. \wiit) Iot \tril f-igtt tli 
i] ;l e ,l Ill11 
ino(rmxeisttioned('nteliV, I . r.' l, l l 1- ;111
tchilique. 

lh wever,II F1111t. 1.i H ot ioro ldch con ph-14, I-liw-, Id 111f. c'olditloln> 

l Illust ' ,t~ ' '~ ll~ t"h 'Ihl r . I14 ",+..it l lt .> Cl'flt;Ill' ht. -llp lli'1 ,

lch ol'the, rhitptt', [o l 
 lm dilh' c-riht,:.. till I'lll't htrc')'ll(d lllol1- thmli II11ll t Ill­
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condlitions :it-( Iik ,I) to) Iwtin , Ill ..nch cuzccltlll1;llnuu . ;ln' l, ,I. 1:. hict­
w ith aI choli'eu ;ihalll(h :1 till, ;111;11 I >l> t' ,,( i (hilt'I'd'lt tf'A illlflit' 1 if ' ­
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statistic 
variable 

independent 

dependent 
categorical 
continuous 

simple random sample 

6.0 PracticeExercises 

To add a degree of reality to the set of problem exercises that will appear at
 
the end of each chapter, a clata set fromn an actual planning situation has heenl
 
selected for use. While the situational context has been disguised. tile data
 
are all t Theln direct lv f'io I the dlata set tlsed Ib the plilnToers in t'eSJ)Ondling te
 
a request for i (oination made hy decisiii-riiakers in the opelrating svstel.
 

TheSviling: North C(entral isa region in the nrtieril and celtil parts if' 
it country that need not he it ified. 'llh, jiiipi'itioo in North (entral was 
approximlately I tillion in 1975. It is goviriwd 1)l ;sI'lii-atutionnhitjsa group 
of['Idlmitlitratoi', located ill the i;ijnl. city Ift'II' I', iiri. hlut i> ;I.s till.jict to 
dlirection f'ront the natiozunl h Ti. ler,(, ;irv 13G:Winlmlcr dli.-;trict, ill North 

Central that c'nll ri.c local St'hIMsl i lticts. l'>itc il' theOf i" 1iii 1hv IuWil 
educattionl auithol'iti1 ,'s hut il i >I. c t to lsleI (011t1u0. (hfi'i ti i. aMod 
planning i iti ttIid at' t ilt, hN..(l of itill' in-l 'tll 1 m l'ic asll l i i'.


"]Th ]1, 'roW entl : it'lvca l (' of]])p ]tilX loll lil'ol li toI';(I~l
t ll) '( t t l't lII 

other par'ts ol'tI lnlou ltr . Nort h(- nt r~i Imsetxptritic ,(itz toiid\v ecliv in 
the 1 n Iber 1 l ) St Iu h III . ;I Il uH n,.1 II illhIlicly ' t Icoflht C ,o d III titlIIltIn \ k
tegio m iif stiiilrtits itlltuii t ht' \v n 19l lit5 1!)-.5. ti l h4ud"a dii 

declim in tit' t'llh.uul'ol-;Igt plllatili wvll\ citr: 

PI' "11)111- Sc H/i ,* 

AW )-- ' l - 160(.11-7t; 

This h'clil , r 211s,0)let I .l tlit si1t f . exti -1ct \ ci, I tohh (it 
cioncern toi itl s ill Nttth (''lc tl'cc]. i ll' ( ul l.Vtl l cc(l tll[h- illol~li v lt 
d(ecline, wotu ld t e t i I I 1 -th.ll i ­'ll toi il) c'm : ii oo dlc-ill t 

tenichters tl(id mfi]llilli'+trl ','
 

.l Ipii 
forlyihi ticslll'loill t Wiithi ll H. i' ltIio ' I a 'll( - 'i ' 
Im th CXj)(T' iV'Ilt'iM ,t' gill~tt l. P le h , lk11(,iv ll-, I[I()ll t ll l ll. I1,11''tr'il 'l 

in~to tll ll)arl :. ;ittr.(tvd bh.hop),- , r i1nt r - f,l orlulllll ,- Mw+.r;l.Wo 
lso( oc(t-urred l'()'\kc ll till, rurI ll (,l :111d -will , h.I I ' m o,'[ " 

I iOw 

c'lr ll lictn tte it .hi l i ol l i -I tI r1 lIlJw,. il 

r'egill. T i'll' g,n l ]t(lilt liltfl'l i('11 ;tld th il t~.lnwil 1111".'M' t i ' [Iti;tt u- ;Itc(l 
t<)get hert to crt' l o,( fl ttl:;11 lim_ ( Ilrll l ll('l t- ill till.r .. u +l,l+ll'It'll i l. 

de~cline, thl l tilh .ql' t ill O o,( lv(' .lll ()Il fill, 1.1110.1" h+,ld+ ,. ,,li u h[h~e 

overal l t rend w,'a .+olwlf dfh ll . Olw n, % l - m'l'lc , ltn;f d ;i+,wit+ld 11o, tk+.t 
Illa+Jor citie~s and t ( hiew ,, lUodesoHltv oft the hm l \l:, -- M tlt (lr \,,;I ill qroitt, 

http:w+.r;l.Wo
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enrolInent docline or even an enrollment increase. 

Education:il authorities at the regional level were concerned that these 
fluctuating enrollment trends would have adverse eflects on both the quality 
and the cost of'education. They listed its likely consequences of' fluctuating 
enrollments, the following:

oil Quality."l':/"['i.c'ts 


a. 	 Stall, reduction
 
increased pupil staff ratio
 

need ,o1. alternative statTing patterns 
fewer new t tacthe rs, with aln Incre ise ini age an(1 experience of 

teach e is 
b. Reduction and elimination o'fprograms 

c. Closing schools 
f//cts oil Cost: 
a. InCr illIg JIectelt of0'tt'iClIlrs ittop of'silill sc edule 
i).Eclloillies of, eductiion cannot he inade proportional to declining 

l'olhn tns
 

The Alhotio: Planeis in ti 1erg1iiil~il (lt'iiiouPoffice WCIV requte.-hd b),V 

tijio- t t theeduct'lional tll S "to inian' impact of'Iltit'titiltill stil l en­
rollllets and their ciniiIiPiUt lf ti i llithe,ij :litv nd cioi-. e uItiol n." 

Th' o lor orlil)tlliisiv. We i. olil v the qPal : Will I it' i \%itil alitlliil­
tive diti thit weci coll ciit d i it ofor.the iiiiinl, ll'(t's. Il , \- the, 

plat 	i, ,dthe, a11ti ifl ilt;i v /uitr/ (of ii e 'tlid\it lv\Ii lhl i l ai thIit ' .

Thev als;I ttilSut i i.r i ca%,Il,\\s, tit clh it Ii(ilu Iioir i : ii ('iit ill the 

local l \evls; ith t l ill'h,.if 11-1)\ 10il li a\ ggiiio>fl;il iilttilt ,dotI­i(.i1 	 in 

te itl i ii file lr;11 l h . I h li pl h Ir,,o nidl -Il%. ?li 	 s 1ii si d I il i ­

llll t\ iti 	 tic ifIll t l rit teI tis l\ i' p ililln- i c lliit \co iIlhl, 

tnlln011111111111t1.Cm ill;Ioitti l il distitc -	 -t'l -,I--	 lieltlllli) h',\% I Ilt ii 
t'iildr il \%(. t. liwt n i roill' d h% it in 1 7-1 (' lll oil 
t'olll~h i'll'1 > t' I1 )I) - II II') I,", , I ''IIlit 

Illl Ii lli' l- Tmer 
ll ci - n b ,I IhIll. 't-I I l jl]lt 111;11lli,. 

('lln l il I ;111ll ) il t l I') -t,,,,,I-I- ill'it d~ilt'l l 1; til d i (.rlh . Ih 'll ll ;iIl~l 

(o i l i 1 4,ll+ I\% 'liI . , Il - iin 

To ii iiohit' uhtei i . - ., 

1,01.l1t, Ill tili o ml-+' ' ri it l' il 'il tl . 1 iit'It- d ih14. 
ex tX ofli iihol II oin ,\ - , -c'hld ihlli h t(I Iw )II t~,- .i\%t % ,chapter'iri ah'tlis.l-w h ll3I iiii in iiiill ilhil I ltltI I I,Ii',-ilIni lct 
givenIi cio cuiot iiieTIv rticlto i l Iiflowintt:ly'in 	 tint. ( ''Ild ith It i Iillo dh(~ .1;I il~l ii11.11 P\ h~ ll lil 1 11 .1% lt,k\- \,, 1 1 11 1 1 11llth, 
lV I(, 'r-.>ltldh ,11l-. (-ll 111th , ( li lt ill]lit­itld~ p);ll -

Thie pilnilnt lers , comlel~ d it quit ntit;Itil ttit'(i ll too nidlr' ,<da be'ulld tol 

I I'.- ,iri1 r It iS tiSidilt;l t):iSC, 

and whichl will f(li'iin N of ' ipr'llh nsilopill l'ing aIll e iltnd of' vui'll 

litWlirONih idenltil] ,l 	 thaitw Ill TiOlW liWdP,>triIed 

lite l ~iISI be 

chaptehr. Vail s fill.~i W:ir. ( hell etdwhich iilfformllll r'iud, or coutldt ct 

xi\'ell t t'tl ilT'hlId folhlw ill,.
lIVilt ii' Il iin'V.1, ,N ill(, 

VarileLaIh Namel< D)esctript!ion, C';,Il'g,>ies . .....
 

FnlUillmlent 'Schoo(ldtistrict n10
 

12111011111.1t, t ill 1.975 

http:12111011111.1t
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Variable Name Description Categories 

FTE Staff Full-ti:ne equivalent no 
teachers and staff 

Salary Average monthly salary no 
of teachers and staff 

Staff age Age of staff no
 

Staff experience 
 Years of teaching or no 
administrative experience 
of' staff 

Staff training Education (t staff I 	 no degree 

2 = university degree
 
:3 higher degree
 

Valuation 
 A measure of' school I low
 
district ProPerty values 2 Ineditinl
 

: - high
 
Enrollment trend 
 Enrollnent trend, lo'' or more1C growth 

1970-1974 2 	 (-9'; growth 
- growthItn5'e 

5'e decline 
6!f-9';
declille 

5 1()' i u it eul(,' i t,. 

Information f'roml the schooldistricts w1ts ohttil t,' all ,tti it-itt-., whitlinformation from staffwas oltailld iln l sanplth t0t.tftt11.1th uiat the
region.

Notice th ttil"t alao- the ttt 	 t (hk%%tOl(fpill((example the figures lr 
f 	 Itr

tilttiettt r 1975 wan rteiirih,,tl t1uh11ipupils enrol 	 itl that!,( y i ltl.nitritai, tL-,) that a tt ; p thit f;itj r'praO­sented less specifi'c tO11Jts. For 
a v a ila b le , Ha th e r ', 

,x n I rap. fat tafh tiatcfter wlrt, rOatv e a gi- fi,, t- . f atr ll tiI t - t ,t s it l - tot ri ot
district we e su l)ie.d . sil li;lrly. ifl nnt ++t ll t n (lt +tlt +ld <+ +the' PeTi<d lIt,m 1970) t(o 1!9 . ,1' 1,1(1 )(.( 111to*c I 'll II] I t th - c11 + thern,welIre I]%'(' rIte,.irliv,'. "N, 	 hll ()l dlistrict w.ith :1 71, d c i e I n ()ln ll ,+Ithe+perio>d w\old, lt,~l e'xallleh,. ki ill 11) thel .111h ca;to~got ,This. Ihel,. iS the dmat hi (ethat Owthle l,. tj (- to,du~fi.f t, tql.tlolis
givetn th itn l.i the t-egiitltl educattll atutlt ittit It is riot lt tir-ttilairl ichdati laseb,Itut this is o'lttu the ctae ini plhiig. The itttpoartant tlling is to usewhat is a'tilutlule, stubject totsthe o)rain.oti 	 n, arild re-sourcts i 'vtlvedin 
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collecting better data, to reflect upon the problem at hand. 
With this as an introduction to the North Central data base, the following

questions and problems can be answered using material from Chapter 1. 

-There are several different universes, or populations, repre­sented in the quantitative data collected by the planners. Nan.etwo such pos;sible universes. Did the planners attempt to sample
from these universes? 

- Assign a level of' measuremrent for each ofthe variables for which
data were collected. Which of the variables are caltegorical?
Which continuous? 

- What kind of technique might he useful fur analvzgteatures ofschool enrollment in 1975? What measures couldI be computed to
provide summaries of tifis analysis? 

- What kind oft eciniqute might be useful fto analyving f'attu'es of'
staff training levels? 

- One of' the qLstions to b addressed hY the pit oaers coticerlied 
the effect of' fluctuating e nrollments oil t'OStIl dtatiiOt. Sup­
pose the plinners used average u\'I tIlu v salalNnh as a Imea'Sure of'
the cost of'(dICatiotn offetlt I i 0 s il istct, F t therIUp )o e
that they wished to sev how S>alaries vairieid with the .i/v o tlheirlollnient in 1975. What techmique imight be- iiwid to( dit this 
analyN-sis?W hat is thf,deplitd len t\it t i'ilmihIN I tl Sil y(' 

the idtldeplt d+fnt va ihbt,.?
 

-
 Using North (''ntral variahh,., g.ivt, an ,xamimpl that wmlil rt­
(luire ill alial .vsis oti' lihi uf col lt.s< that w ouIh ' liltfim , t wi- %a.exploratolY aal Yvsis
 

- \ h li do you thilk tIlt mlwii ict tf
p u btlic tm t't'tmmm 
ilal t 'o miimi\ t111;1.11. , 11 (1 >j ee i i spt'Ijifit- ? '. W hy ,ci t h t l 1 1 , l l t >, l \ 

thu pirolemm with thw data.' 

http:t111;1.11
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Analyws, T'echniques~ 

'See Hubert M,Blalock, Jr.Social Statistics (2nd edJ, New York McGaw. 
'These definitions are slightly different from those that might be foundelsewhere, the reason being that the author wants to avoid a problem with 

semantics. 'Technically, a variable Issaid to be continuous when It Ispossibleto get ever more refined measurements between two points on the scale, Agequalifies as such a true continuous variable: we can measure the age as 8years crudely; as 8 years, 3 months somewhat more accurately; as 8 years 3months 5 days still more accurately; as 8 years, 3 months 5 days, and 7 hoursto an even greater degree of accuracy, and so on until until the absurdsIreached at seconds, milliseconds, or even beyond, Income, on the other hand,is strictly not a continuous variable. It is possible to say that In the UnitedStates a person's monthly income is$1,123,28; but beyond this there are nofurther dimensions to the measurement scale. It is impossible to have amonthly Income of $1,123.28659, for example, because the smallest mone.tary unit in the United States is the penny ($,01), which means that incomecan be measured to only the nearest hundredth of a dollar. By using thedefinition given in the text, this problem ofIemantics is eliminated, and bothage and Income are considered continuous variables. It should be obviousthat both variables utilize interval levels of measurement.MIhe term independentissomething ora misnomer, although it iscommonlyused and will be used throughout this text, By implication Itseems toindicatethat the variable may be independent and hence controllable by the planner.Such may be the case in an experimental situation when the experimentercan control the amount oftreatment (i.e,, the independent variable). But suchIsusually not the case for the educational planner, who usually deals withnon-expermental data. In msch circumstances the independent" variablesmay be subject to some influence by the planners, but by so influencing thesystem of concern they are likely to affect not only the dependent variable ofinterest but other related variables as well, Inthis sense the independentvariable is anything but independent, Some authors (see Mosteller andTukey, 1977)have taken to calling independent variables bya different term,"carriers," in response to this problem. Since Independent iswidely used, itwill be retained in this text, but with the warning that for most educationalplanning situations such variables are anything but independent,
,it isinthis sense that our independentvariable fin the example, educationalattainment) may be anything but independent. Intervention on the part oftheplanner or decision.ma ker to raise general levels ofeducation isnot likely
to leave the reot of the relevant system (culture, peculiarities or time and
place, etc) unchanged, In such circumstances intervention to change anindependent variable may actually result In changes quite dirferent from
those anticipated on the basis of the data analysis.
8trictly speaking, the table in Box 13 of Pigure 
 IAIsnot complete, There
should also be a row and acolumn devotod totfixrd variables. For example,
what kind ofanalysis isIndicated if the dependent variable Iscontinuous andthere are two Independent variables, one totegorlcal and the other continu.
ousTls isan exampleof mixed independent variable. Th" situations are
 

+++ ++m : iA 

+ + - +l :W44 . 4 4 ' &J#' J+ 
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not iacluded, because in many cases iuitable procedures for handling suchdata are the subject of current researci:. Note, too, that analysis techniqueswhere the dependent variable is categorical and the independent variable iscontinuous are not dealt with
infrequently enough 

in this text (Box 15). Such situations occurwith planning data to make their inclusion here
unwarranted. 



Analysis Techniques 17 

Bibliography 

Andrews, Frank M. et. al. "A Guide for Selecting Statistical Techniques for 
Analyzing Social Science Data." Ann Arbor: Institute for Social Re­
search, University of Michigan, 1974. Use!. a decision tree to help theplanner select analysis techniques appropriate for use with a given kind 
of data. Quite detailed, but many situations included occur infrequently
in practice. 

Blalock, Jr., Hubert M. Sociul Statistics. 2nd ed. New York: Mc(raw-ttill, 
1972. A general statistical text for social scientists. 

Loether, Herman ,J., and McTavish. Donald (. Descripti- Sttstics /"Ir
Sociologists. Boston: Allyn and Bacon, 1971. An introductory text oft' 
statistical techniques, with the emphasis on their uste illociology. In­
cludes many simple techniques of practical u.e for jl,.,iars. 

Mosteller, Frederick, and Tukey, John W. Daota .\n;ays. 01d IA,'1,,rssts.
Reading, Mass.: Addison-Wesley, 1977. This is a vervy tseful] Veneral 
text, with an introduction into exploratory data mlitalv'is and a thor ogh 
discussion of regression techniques. 





Visual Data Displays 19 

CHAPTER Chapter 2 

Visual Data Displays 
Gary Lewis 

1.0 What's Ahead? 
This chapter will explore some useful and simple data analysis techniques,each having visual components that offer effective and quick summaries ofinteresting features of the data. There are four principal objectives for the 

chapter.
(a) Techniques that are appropriate for use indifferent situations will bedescribed and illustrated with examples. This will include stem-and-leafdiagrams for use with interval data; histograms for use with either ordinal orinterval data; bar graphs for use with nominal data: statistical laps wherethe data are categorized by geographic area: and time series graphs for


plotting trends. 
(b) Where appropriate, statistics that suninlarize inlportant features ofanalysis will be introduced and Computational formulas provided.c) Using interval level data. an approiclh to comparisons among groupswill be discussed, indicating how such comparisons can I',made, and tht,degree to which we miglit believe there are,significant difftcrences btItwevengroups. In this regard the usefulness of (ldaa transforations is discussed,and examples of soc I transfornations worked
(d)Finally, we return to the North 

out. 
(entral data set to pernit application
of the techniques discussed in this Chapter, and to concentrate on interpreta­

tion of the analyses.
 

2.0 Displays br 1/err(ol Dta 

2.1. The St'o-oo(-Leuf'Diogrom 

The steil-and-heif technique is Usehul for displaying ii group of numbLers insuch a way that a visual impression of several featu res of the inliers isapparent. The easiest way\ to un(lerstand tiltstel-aiid-lea, diagrarn and.some
of'the data features uncovered is to work through an examplh and thentalk about some extensions and comaplications.
The following imlbers are the ralios of'pupils to teachers iinschool s*stelisin selected cities- in the Unrited States: 21.0.29.1, 3I2.3, 20.2, 2.1.1.25.8, 26.5,28.2, 18.7, 22.1, 23.6. 2:1.1. 2.1.0. 2.1.1. 25.1. 27.6. 27.5. 22.0, 23.8, 22.0, 23.1,27:, 28.8, 25.7, 27.2. 25.5, 22.9. Iv the ruselves thies, miilliers are not ye ,vinfornmtive. It would be better if tiere were some way of displa* ing data sothat the numbers take on additional meaning. F'igure 2.1 is one such visual 
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presentation that is useful. This type of diagram is called a stemn-and-leafdisplay. The numbers to the left of the vertical line are called stems; eachdigit to the right of the line is called a leaf. Together they represent onenumber. For example, the smallest number is 18.7, represented in the dia­gram as an 18 to the left of the vertical line and a 7 to the right of the line, or187. Note that the stem-and-leaf form one whole number and must bemultiplied by the unit scale to yield the original data. For example,
18.7 = 187(0.1). 

Figure2.1:
A Stem-and-Leaf Display of Pupil-TeacherRatios in Cali/brnia, for SchoolSystems with EnrollmentsLarger Than 25,000: 1971 (Unit 0.1) 

18 7 
19
 
20 2
 
21
 
22 0019 
23 1168
 
24 0001
 
25 04578
 
26 5
 
27 2356
 
28 28
 
29 1
 
30
 
31
 
32 3
 
33 

N= 28 

M 14h 24.6 
N= Number7h 23.1 27.3 4.2 of items in diagramtl= Median 

32.3 If= Hinpes318.7 13.1 1= Extremes
 

Source: 
 National Center for Education "tatistics. Statistics of
Local Public School Systes. Puils and •ff-Fall-r-7 
-19a5s.h.noto - _- ---'... Sti
Do.: Cfener for Education Statistics,


1975 , P. 3 

Hlavingdg h'tt, t I;II I(-l-h' f(II;'TII I t4.IIt ,t-S , oI II II h.t hing that 
Call ie olibservd: 

- llpiI-t. ellM.or ratios:1: ]I18.7 it) :I high f :32.;. . 'e( -'l sY'sivo11 rl';llsi froi1a how of 
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-The mid-range appears to be between 24 and 25. 
- Most of the values are clustered somewhere near the midpoint,with fewer toward the extremes.
 

These statements summarize 
 the concepts of range, or spread, centraltendency, and shapeof tile distribution. A stem-and-leaf diagram is useful tomake statements concerning these features of a group of numbers. Calcula­tions discussed shortly permit these concept,; to be succinctly summarized bysingle statistics. These statistics are shown in the open-faced rectangle di­i ectly below the stem-and-leaf display in Figure 2.1, and will be discussed inthe next section. But for the present let's consider in general terms what thefeatures of the data mean and why they're important.A group of numbers representing data for a single 'ariahle and displayedin a diagram such as a stem-and-leafdisplay is said to illustrate the distrihb­tion of the numbers. The display shows how the ntimbers are distributed overthe categories (i.e., stems) selected for use illthe (diagram. As alreadv indi­cated, there are several features of'such distriltot iols that may be ofinterest.First, we wouild like to have some single IlelIsur wilichdescribe the entire gl'oup ofi'. 
can be used to

l1)TS.lntuitively, this mosttIlmber which is close in value to 
Ibesolme central

is allav of the other' liuillel's as possibilt.(see Figure 2.2 lta).These v;ilue's art, useful for aise\vri .giltuestinos about"How much?" for group:s, antd for c('nipiiring groups when askingdifferent fron?" "Isit
'o pilenh,we might categiirit a group olfchilool chilh'lrntaking an examination hy stating that tilt' 
ite 'I',' vallue lir tile group 
was
67". Or we inighltcollipar 
two such groups 
 iv b'chihhten,o%ald girls, bYstating that one group averaged 5,S',.
\%hil, tl tt' iveia.t'il 75',concepts 'lh',
Itlt
i rtuh, illd oithtle IlOitasilii' if oftritll ' le'tcv ti' eyiVt'fill
and are treated illthe fulliwiig .-'.tilll
The second feati'Nr
1l111 i>i iltlortant to ilhcrihdiagranm is thetsprtndming the~data I)" iltuit ;N '-.land-h~afs 11sthe.,lort~ ah
:llar !vjr 
s ni ill ri e Ill eit v i ii's S' ( iglmig 
 r e 2tt'o>2Ii at nldelICN' 10 lteldVhLscrihl 
10t' l'O) Of lUl I Stllh'>. ilf'tfh i. hl't " %iltlw. cil>I't'l
chosely\ ,'r tlundthis I1111lllh(, 1( y -pI(-;Ir 1'l lt .N o)lt"..
\> wvlshill >vc,ilil
sectioln, these (tlS 

;I itv,
l i ;Illilttilitt, ;. ,,lil
Of H o-t t ll(. 1pl't' t
hbecause, thet,+N' Il/lllcanI h1.l'
1 +l l;\,t thel "'(CilliI tll+ it'""(Olll 'l, thatlm,v-iii isk <itilltIilts ilitilt 2ill

always pli'>,tnt xvhti 

lifrtrlict'" It'm , t + 

of'stild lits scitil'( 
1s' ;aO t'XilfilllInitt li lll il ('tl "l-Oin gi'tl +r 75" . 
s l e c t dioi' fi re ,l th .
 t Of ,,il 


Fl lall.\+ th,, -,h;pc.,,the , 1 (n-lt lm d,O w,1111ll11w ?, 1, .4 (llti'l'll., i',there't. 101.'txilillpht, -'\'%o;l]flilfi 
 , ill
l ther ;1w, wiOfc ('11lt il+', -l~ l 
 ll
pared~t to1dho- ' 'lllijllI Ofi littlllltlk
I A.lf,IlIO-tfitt]he Il iflof two hwilito,
d I](,;I11114,
extel'e . imxmit
with ;I taill the O11,th"'r f,e -e 1"wir~ 2.2+' ,+.]h "
 
tll" lqusl l l'I 
 lI t'lllkilil hc ll' l wlt% 111,1'l ll' il'l m il qt i ' 
Oy il' I '+il'Un n
of c ntlllliiIv ' t'lilrt\ ll~It, ,1w i~, n;11 khI-tib'1- vi,,,
v l il.d
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Figure2.2: 

Featuresof Interest in Stei-and-LeafDiagrams 

a) The Concept of a Central Value
 

x Is a measure of the central value 
x for this group of numbers 

b) The Concept of Spread
 

The values In ii)are spread out
 
more than the values In 1)
 

1) ii) 

c) The Shape of the Distribution 

The values in this distribution are 
more concentrated near one extreme 
than the other extreme. 
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this single measure provides a relatively good description of th, entire group

of numbers. However, if there is a lack of symmetry, with the distribution

skewed, then our single measure is suspect. In such cases it is more represen­
tative of one end of the distribution than the other end where Ihe tail lies. To

help assess tie shape of the distribution, another type of display called the

box or schematic plot is described in a section to follow.
 

Before proceeding to 
more complicated applications of stemn-and-leaf dia­
grams, let's reiterate several points about 
 tile simple case just discussed.
First, a stem-and-leaf diagram is useful for displaying interval level data on
 
a single variable. Secondly, tle reason 
we want to do this is because the
numbers by themselves often are not very illuminating unless we do some­
thing to them so that their meaning becomes apparent. Thirdly,we hope that 
by using such a display, we will be able to find out additional information
 
about features of the data. Ir 
 ar ticiil a,we should be abl)e to comment on tile 
extreme values, what the range between the extremes is, what single value
best describes the group, and to give a qualitative coranlent oi the shape of' 
the distribution We are, in fact, responding to the need to answer several
different "how much'?" questions. For tit data in Figure 2.1, we found that 
pupil/teachr ratios ranged frlom aplproxiratelv 19 toia maxiroun of'32, with
the most comroonly occurring value somewhere around 2.1or 25. This is 
simple, but potentially ,tsetuliniformation to an educational decisionimaker. 

The e,xarritih gi\v ibtive wvas part icofarl rot. f.r a >ftora-aodhftislthv' bit many u .rrhers Ndithelety',> to ie t untatlit',and wedo rot so r-emlil h,harve to niake-ad, ustvnwnt -.lor Ithilt. ( )fiv 'ol licatlioll oltell ('1cotnnIIh(r(',. and 
one readilyv ('alt%%,ill. ilivolves tillaplrolpriatt, ltlihor oflstells to u .Iti.,. 
not useful to liavi teilirtoll large ltir too -r;ull ;Iriritlf ," i'.t v' s. In tIhe 
forinle- cast nill'rllllhil'ers get "plnr'd wilit hlritala rinlg' to lit vi>ttill v,lv r Iump
useful; in the l ttt-er u-, Ihy art h(iicllerr ittl uInichti slw imv (htilt.Soirit­
tiring betweern " aridt 2ii trti- is iually ' itrtci(.i If Ihe calinotftnirifiers, 
Collvllnierntly Iet( tN rfdIIthis -Itrl t,, It iiy lihe t ' ,>;tr\tt ' he ph r 
sptciatl ca htego'ie-., 

c''iglrr e 2t l'li ;IIin t i %0t1tl)lth. 111 hu( uc tiutl il l ltt'lt-. f tni 

ell(inttiona ottall iil- lut, l " lllltI()IIIul t l ' I tI,F+igu r- 2.: , MxI ,c'It + l I,(i11in. 19! l tl i s,if llr( -oii afi ttftt',lnllt III.id.~ - ; I ;I 
,Se'parah it.Thl- fllflll r () 

Icllr %,ermo4.' 
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Figure2.3:A Ste,1-and-LeafDisplayof Yea rs o/EdeicatioalA ttain lent,fora SamlipleofEconomically Active Pejsons in El Salvador. 1975 (Unit = 1.0)
a) Frequency Distribution
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N x, 
Mean =2.1) 

where Xi G= 1 ,..,N) are the N data points, and the x 
sign indicates that one must sum all of' the data points. 

The mean of the five numbers, 10, 12, 18, 20, 10 is 
(10 + 12 + 18 + 20 + 10/5 - 14. 

While the mean is a commonly used measure of central tendency, it does 
have one disadvantage. It is quite sensitive to values that are considerably 
different from the other numbers being used to compute the mean. Such 
values are called outliers, because they are extreme ill the sense that they are 
much smaller or larger than the ot her numbers. Suppose that ill our lprevi 00s 

calculation of' the mean, the value 12 had been 1000. The Inealn then is 
(10 + 1000 + 18 1 20 1 - 211.6. Itr words, the mean has10)/5 other 
changed f-om 14 to 211.6 because, of the lrestnce of one o)utlier value. 

There are other suninaries which are nl(ire resistant to the effect ofotltlier 
values. One sulch nea soure is tie n(Il ll . Sol J)( is, we IIs, thelnt' gr OtlI ) Of' 
numbers as previously: 110, 12, 18, 20, 1). Th(, extremes'arte the hiighest and 
the lowest values: IWand 20. If the numbers ate rank-ordered (from low to 
high, for exaniple), the m('dil is tile single value in tl middle hetweev,-n tl 
two extremes. Since there are 5 nundorfl)(,s total ill our (xaMIl)h. the Median 
will be tile third nuntiletr froilt either extrie sine twri, would the n he two 
numnbers loNwer and two titubers iltig'r athll thi., centala vll'. Ill l.his 
example the rank order is: 110. I0, 12, kli, 20), ;Itl(l the tnt'diatt is 12. 

In a case where tllere is an evell lnnhtr )i l;it iints, t hIr is nio liIlhll 
valute. When this hapipetns, the Ille(dia is foiund by :'tagitt tint wi.Io fill 
'aWues. Suppose that the above data set ]tad mlthuer nuiti'rv., ,. '[hen' \witild 

hi six notinlht's total, sio Io 'itt ( nttbln ur ]iuldh;lv(, ;In ij(t1i:tI ttultt(lt of' 
data points sitalle ot. ltrger. In this '%( , w\' v ' il th1, two lhddt, lti­
bers, l and 12 tt get: It) , 12) 2 I I l. tflh)i t umfrtiltila r.thii ,usihdto. 
determining which ratnk-ttered %611he'hIl t( ilvalo will 

,Rank Order of MIediai I i • total count oIfda:tt F)lill 2.21 

lForexamlhl, iftlhri arte 2"7 timbt,'s ilt tie latch, th' fli'dil ll \alluf I'11.th1 
from the, end It , , 27I .It ti' ai-' i tlu tlhrs tlit hihitch. t I .,2t t 
1I 4 3(C) 18, mi d l . filn v diatll i fo~und 1) N lI\u;+)ht, 11h- ;Irv'ic \vhit0h 

18th and l9th frot) (ithe (.ed itlit, rtnk'il list I f(iti kAv olu,' 
It is eiasy t,:11t Illodl 11 Ow: t\ ',Ittlr(,to ,Iho)k the ; tff-l' , Olaf itIt I 

' ith lill ' ntll;] vlre sist nt t O rs. Ill i' tt Xi ta 1it 11 sltll itTitii.I' a tt I),
12, 18, 20). 10) ;1]( t h( \i\% . 1.,,, 1( ( Ihe' h r) t st! ofn w -44,1Nv\ PH 10), :20. o ) 
nUmll vrls, O wl( ll(indm V ln l( is 12: ill 011l. ".'(.'olld it I l"'.. TIlh J- ii llltl(1h lt.-,S 

dramlatic change, Oth thiat for lHic nit,an whii'h \\ent fro)m I I to 21 ] i. 

1c Yl [lv t,second I'valiun, of,' c()iceI'll m)(id forl whliel h jlp .anm~;avail­

lyv , c'ttlt'tt'th in a sth!Ii hll 
it spread iit, ratilgint Ig'iitt (tnt, . , ) (quitt higih? h'ltema m it', is tintle 
Inellt olltriI ta ss >.th (tist iiins. 'l'htt' firVItuI csilt Io(]caCI ­

alble. Is the distrihl iion ftit tltt'io l o values. iii'is 

ttitlnonly tistil tI -. 
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late the variance in a set of values is shown in equation (2.3). 
N 

Gr0 = Variance = X _g2 (2.3)
- I 

where, in addition to the definitions for equation (2-1),X is the mean of the 
data values. 

Ifthe data set is that previously used (10, 12, 18,20, 10), the variance in the 
set of numbers is: 

-(100 + 144 +-324 + 400 -!100) - 1,125 

= 213.6 - 196 = 17.6 
The standard (eviation (or), which is the square root of the variance, is
another commonly used measure of spread. For the above example, the 
standard deviation is 17.6 4.2. T\vo symmetrical distributions having the 
same mean but different variances, or standard deviations, will appear to 
have difterent shapes. The distribution with the smaller varilarce will be 
more narrowly distributel about the meanii, while the distribution with the 
larger variance will be spread out more around the mean. (See Figure 2.2(b)).
While the variance is a COl) mIalv I%used measure of spread, it too is not very

resistant to outliers. Were the data set to he 1000, 10, 18, 20, 10) instead of
(10, 12, 18, 2(, 1O), the variaioc' would change Frol 17.6 to 155,410 - it 
coilsidera b]e transfhlriat il!For this reason, a.-wll I ibeclluse of ease, in 
computation, measures such is the interquarti, lange are also usetd.
 

The in t'rquaroll r/i'ngt or,'l"-sprtnd, is the spread 
Ietween hinge's iab­
breviated with the letter Ili. A hIing, is the middlh v'alue, between orne

extremrIe and medial.
the 'lhere i> I simple folIi'hllllI for determirlirlg the
 
number (If'value,. t 
 locll(
collilt ill front the Ixtrtll t ( rahinge. It is givenas: 

ORalik order of"'lfinge I-. I . rlilk order of, nledian 12.A) 

For example, if there are 21 valtis, thtelntdian is ti' I Ith fr'01either
 
extreire. The hinges 
 it'. tin' (ith lilillicr. frill either ('Xtrelli' i v., I _l 
(1 4 ,).II when the numliibers hav'e heenl r'!a-o(hered la In al stt'pl-anll-lhaf

diagranl. The five nilinil
hcrs relt''rnttd by th' Idian, tio two hiliges, atnl
 
the two extrele points c'onstitutet what is 'alhedt (I // I '-nOm,,O 111 
1)nllllr oftile (list ribut io)l."lw(se suillIMries wenr, lttalchod to 11h1,s-te'tn-anll-heaf dis­
play in Figure 2.l.lExiinilehs o)'ttthf'lcilk tiol of iu,.rIiall;1lid }l / ,v l ,> 

Figure 2. 1 will now i)lsholwn.
Mhcdiatn. I+liF ug'(, l(,2.I h r a t,l ot,, ittuinb(er .e la'' '("2,1; The tll(wdianll +lti 
i_( 28) writtfen~l hIothecfigur.,.t isthcf(-av,,).I llT -,I ;~ ~is o,<l,the I4tt 

and 15th number)Iromi cith(el',xt r(,illf.Thil, the, Ined(l:,n is fth(, avter-agf, of Ihe+ 
nu lbers 24.1 land 251. which is 21.55., re'al tin'lult illIli lr,'2.1 is 0).1 ,

linget. 'he rank ofth(,hi nge vithi1 is 1 1l1. 7' -,nrid is til (,:Ivtrag 
of the 7th in! ,th umOlbt'r fanoll vit iher ext rc'it'. 'lihe, tw iirgte aret t h'('relre2),11 and 27.3. N,)t(, iniftf,foritviuha for cah'ulat infigtw hint)V,'
va hie that 0ileh 
miedian is i half-vahti ias aboyve, whlen. (he,nilediall is 141 ,), the hallf is 
dropped before, rsing it in the equitio)n.

Within the range firm the lwt'r hiligetot tilpt r hinigt e I I-spread), 
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50%of the values will be found. This is a useful and easily calculated measure
of spread which is resistant to extremes. The H-spread on the data set (1000,
10, 18, 20, 10) is 10, not the large value found for the variance of this set of 
numbers. 

The advantage of working with the median and H-spread, aside from 
resistance, is that for the type of' work dealing with stem-and-leaf displays,
these summaries are easily found with paper and pencil and involve essen­
tially no computation, only counting from extreme positions.

2.1.3 7'lte S/hape oul't D.tstribtitot In many cases a simple visual impres­
sion ofa stem-and-leafdiagram is sufficient for deciding if the distribution is
symmetrical or skewed toward one extreme or another. The distribution ma v
also have other peculiarities, such as two or more M)des wh nIti 'aMii vaI ues 
are concentrated. It is, however, possibh, to refine the (tscipti i of the shape
ofa distribution by combining f'atures from both tl st('n)-tnld-leaf,(tiagraI
 
and its five number summary.


A box plot, or a schom'tic plot as it is stilelilnets called. is reall vjust a vi­
sual representation of thi'e-nttfo'i' s 'N.rytafle used to describoe a stern­
and-leaf diagrar. Shown in Figure' 2.t is a sts'ho-iin-gaftliltgran ,howitg
how pupil-teacheI ratios in till' ptilltrV utiication h'vt'l are (listrihlutd for
 
117 countries of the world. N ot 
 that ti' five litillitltr sullll .,v shlt ,mos that 
the median vaotie isTi, while twhi' Inti'rquartlie s io';td is ti. The .xtrtli' s ar',14I anid 77,anlid th' ,viS l]tio r, lll frolii tilt, di;q 1i;1lii I-. thi %ile, l;1i1 1)[1 

toward the highter ;idolf hiI'ca'll
 
Shown in liguire 2 5 i. ;i h x lohit 
 if lhi-- -;1i1'1lltlt i t rt-l' t a 

box phIlt the ftilttvwrt stti al, lti't'-'-.il-% 

I! 	 (' illplle -ltellll 1Id-h-;lf il~ ; ;111 l h l vc, ilt1l1lho,1 

2) 	 I)raw i com ennll,tit %v,li ll-t , l I ll 11iilllude Ille, irilig 
of,' 1illn11 )eis 1!1 Ilt,, shvill- ilid ]l ll-a i,>'f il 

3 1 ,'i;1'aholl/llil 11ii1, Itl O w , , h ,lit, li 
4 1tTo t' li]pli,le Ilh o )Illx ofir( tlhr, ohitrl . il'\ hill II '1l;1i 11iif. , , 

al1 vaith thimltv:, 

5 1 ( ) n v,i lt h vi, o o,lll , v~ a oflid h i , d r' l d l ,d 1 l lo h I . 11g,11h 111ch 

ni 	 ellst hott d(wl> notl f%\.(.(.(l Iht, cid o tioh , t th d iio!. ,ilid .-Iop
t hl ,dh il h d ] i111 ,;11 t h e X . I t 1l l i\ I 't . tli) ; i o wi do l l f-d 1i11t. \ Il l he ,
Sh o r t e r Ilha i l ll . +wl h l .r li c h il - i11 ;i l ,l , ( Iii,) l lr l i l t h e ,
extrellle vailuio Ml (iliw ondil (d[Ilh , djttllhuil,n i !qv l i - toll hp
lIled ial i llM i . .llh , 1;il1t-d oi l ;11 thl,, l- , il . u -u1( h i 
situm liti lloc ill- Ill F I" l c.', . .-) 

6 1ll l';iiiv v Ihll,- Olhwi,.,14 i l~-11 , I l o~Fl ,litw otil-libt o I loh,
rll al ' ,. i l1d iw:0 1. 0 h1- 1. 1,1i 1cll %%.1ll h ] I( If -

O ulliers, oll t(- thoiiiii,. k il 1o\ed 11lll , d oil1 ;iiil pp lvlal' l N.l 
inhterelsting mid 1(til,'jw( 1iill%, d ,i.l h, Iill Ilwl h ,\ plot ;I- I -it.Ul 1 14)their 
presence and to indic;tti- thatl oniel i1il!,ll \k i-h1 Il ' l l,'1 al~ kes lheni 
different f'roinli ,ti .r datla iililil 
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Figure2.4: 

A Stern-and.LeafDisplav of FirstLeu, Pupil TeacherRatios for 117
 
Countries,Latest Figuresas o'i 974 (Unit = 1.0)
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Figure 2.5.:
 

A Box of Pupil-Teacher Ratios in Figure2.4
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Figure2.6: 

Illustration of tie Descriptive Quality of a Measure of Central Te,';dency, in 
Various Distributions 

a) 	Symmetrical distribution, small variation: median provides a good description
 
of values In the distribution
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b) 	Symmetrical distribution, large variation: median provides a good description
 
of values in the center of the distribution, but is less adequate for values
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of transformed data when addressing the "Can I believe it?" portion of the 
question.
 

Shown in Figure 2.7 are a series of stem-and-leifcdiagriIms 
 for the pupil­teacher ratios in nations of the world, with each diagram showing the effect of a data transformation. The original data is marked x. The data marked x2 istransformed by squaring each of the original data items and then plottingthis new set. Similarly, the diagram marked -1x uses the negative reciproc­
als of the original data. 

Figure 2.7:
 
Stem-and-Leal Diagrains oflt.'w
PtipillT,cler Data fhr 117 Countries, asShown in Figure 2.4, h)uttunder Di//f'rent Data Transfornmations 
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The important thing to note in Figure 2.7 is the effect upon the shape of theoriginal distribution. The original distribution tails out toward higher num­bers. It appears that the X2 transformation accentuates this tailing. Thesquare-root transformation alleviates the tailing to some extent, as does thelogarithmic transformation. The other two transformations, the negative ofthe reciprocal of the square root and the negative of the reciprocal, transformthe data in such a way that there are now outlier values at the smaller 
extreme. 

If we are looking for a transformation that will make the distributionroughly symmetrical, then either the square root or the logarithmic trans­formationsare good bets. Thex transformation goes in tileopposite directionfrom what we want, accent uating a feature we wish to get rid of. On the otherhand, the final two ti'vsfornmttioi s go too farand create a tail of'values at the 
snal er extreme.
 

These trends are shown qt iI,,
clearl *v in Figure 2.8, where the box plots forall these data transfo'nations ltire shown. Looking particularlv at the outliervalues shown i n the box pl ots, note the st ead*vprogression0 as vtil go from left2to right in the figure. The x transfor-IIitIion spreads the outlier values outeven more thall illthe original datil. The s(qLuaIre-rIot ta'Mns'ol-'MItioll hassucceeded in elintinating sone )itie tail hg, although there art still .Ioutlier
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Figure2.8: 
Box Plots ofthe Transl/rmedPupil!TeacherData Shown in Figure2.7 
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As shown in Figures 2 7 and 2.8, there is a scale to the transformations inthe sense that they have different effects upon the original data. Sometransformations emphasize differences in large numbers, while others em­phasize differences in small numbers (i.e., spread out the small numbers).This fact permits us to make use of a general rule when selecting a datatransformation. 'he rule is this: when selecting a data transformation, movealong tile scale of transformations in tile direction that will alleviate thetailing problem. For example, with the pupil/teacher data in Figure 2.4, thenumbers tailed out at tile high end. This distribution could he made moresymmetrical if we emlphasized the differences and spread out the numbers atthe low end of the distribution. To do this we must move toward the ­ l/x end of 
the scale to select a transformation. 

Now that tile general direction of novenent along the scale of transforma­tions has been decided upon, is there any wa' to select one transformation outof the many possiltilit ies still remaining? In fict there is. It requires the use offive-number sout1nary figures from the original data. These numbers aretransfoarmed with the various tisra nsol at ions until one is found that appearssymlmetrical, based upon extremnes, hinges, and inedians. Shown in Figure2.9 is a series of five-nunber summaries for the pupil'teacher example, using
the various transforn1atiOns that initially appear reasolaldle. Using thetransforted fi\re-ntliher su iaion rieVs, t WO'ratios are comiputed for each trains­fornationl.The first is the ratio of tIlle niedian-to-hinge distances. It is found 
as: 

Ratio of tiedili-to-iiige distances .lediaii_ l. yer linit, 

I 'pper Iliadtge MedIa it
 
For exanple, with tie original data, (his ratio is 
 given &: 

Ratioi of ntediali-ti-hing, distance., 33 25 8 t
 
.11 :1:1
 

Similarly, the ratio Of tw 
 tedian-to)-xtreiit distquiCe. i., found as: 

Ratio of i(diat-.t.-exti-ti e distaitt s -(-il L v- -llc E lxt reitte 
ippr lixtrti Mrallit 

Tioh e s e g/Iti\'t :-,[) ll, i l(I it;lI io ))'thh e nlll~,SV in r %v II ( ( F th 't Il - ') " ~ t m
 

and slve the ;illtilx'st frorii 
(t t chore of fi 1st traitsforiting all tilt datal pintsand thei plotting thili in ;astti-anl-thafigiail to dtrintie svniintetrv.
If' the ratios iir .0), it iiic]i'ate, lthat a pairticulat'ua It'lll tiollhti ha.succeeded in placing Ow lltditllt ttual distanc, 'ttwtttht wit hiingts, orbetweentle two txtielts, d(lp'nding iupnt whtich rati i tl(lUestil. Byusing these ratios it is tiossilfe to select at apprqpriitta data trattsf'oriilattii

because we look fOr those transfoirtmations which vild ratl 0sf ahout 1.I.Front Figure 2.9 we se thll thit M(luare-rfool trilisffrinaiti ,n succeedfs in 
prodltci fig sylliiet iV bet wee lie init ait hidligesthte extrentes. which still tail slightly tt 

biltl is not so successfl Iwiththe higher numbers. The logac thtictransfo rmation succeeds in producing i med ilanival ut squarely between the 
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Figure2.9:
 
Illustrationof a Procedurefor Selection ofan AppropriateData
 

Transformation,Based Upon Five-NumberSummaries
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M -.174
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M -.032
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8/8 - 1.0 


.71.7 = 1.0 

.12/.09 - 1.33 


.026/.018 - 1.44 

.008/.008 - 1.00 


Ratio of Median
 
to Extreme Distances
 

19/44 - .43
 

2.0/3.0 - .67
 

.37/.37 - 1.0 

93/60 - 1.55 

.039/.010 - 2.05
 

two extremes, but caises inovercol'rct lon illth, hiinges. So illessence we v
narrowed the selectiiii process down t) two possihilities, (ther of which Nm' 
be satisfactory. These sante two transfhr'latri s were llso een in J'igures

2.8 and 2.9 to (lo the hest job of'ptod(hcing symmet 'ywhen tilt, entile set of'data was used. The )rocess illstrnted in l"igure 2.9i convenient hecaius it 
saves a goo(I deal of t nie a nd(extra ef'ort.
 

Shown 
 in F"igure 2.10 is i somnewhat nmor, ex'onsive scale h r making
decisions nbout tran.-lsformation.-l of tta. IlIrintiple it is exactlv similar to
the scalejust discltssed, except that more transfhomations are included. We
will return to this figulre in later chapters wheln trarslbrniat ions are dis­
Cusse(d in connection with other procelures, 

2.3 Cof(iriso.s A ong (roups 
In this section we will explore one apl)roach to comparing groups. In Figure

2.4, upil-teacher ratios for nations of' the world were displayed. Hut we 
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Figure2.10: 

A Scale for Data Transformations 
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than the poor countries. And the distribution for the mid-range countriesoverlaps both the distributions of the wealthy and the poorer countries. Thequestion then arises: Can we believe our results which seem to indicate thatpupil/teacher ratios differ, depending on the general level of wealth in a 
nation? 

Figure2.11:
 
Stem-and-Leaf DiagramsofFirstLevel Pupil-TaelherRatiosfor 117
Countries,by PerCapita GrossNationalPro(luct,Latest Figuresas of 1974
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()ver alpj ig i stlillsbi houlI l( c pt,, ouiv.., w ,ll .llpal -I g gro.li(onsideir. for txaiplth e 1)il, hthtical 
s. 

hlp h*tx pit., ,ho'ii it I-)gure 2.12. In 
part (a)of' that figun wv %auild prohably i. quite coinfideit illsayinlg that 
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there was a significant and considerable difference between the units in 
group 1 and the units in group 2. There is no overlap in the two distributions. 
But what about the situation in part (b) of Figure 2.12? The medians are
identical to those in part (a), but one significant change has been made - the
spread in the distribution ofgroup 2 is considerably different than in part (a).
How does that alter our interpretation of the differences between groups 1 
and 2? Can we believe that there are differences between the two groups? 

Figure2.12: 

Box Plots for Hypothetical Distributionsfor Two Groups 

a) Significant group differences 
 b) Overlapping distributions
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* ,
 

Group I Group 2 
 Group I Group 

The spread arotind the inedian in (;rotip I is relatively small, and tlls the
median is a pretty good nieasure Oft he val tes in that grolup. But tiIprohlem 
occurs becatise the spread in (rotip 2 is (qiti, arge. This mitals thai ourmedian is rit very typical of many ittthe values il that (list rIhut ion. It is far
better to make comnarisons of'group valtes like means or meilianls when tl 
spreads oft he distrihutions are alhoit tl sah ..lwe have, tv ,grolps and thespreads ahouti the niedian are both sniall, then a i rlv' ;tl'lnraeItst~itvtlelrllt 
can be made comparing the twio grolips, silriceeach Inetliall is a fairly good
representat ii tfhe values inits distrihuiti. Ifboth sjiremits are large, ther 
neither riedian is giiiui represt ltatirn oft lhevalues i ri dw distriibtitr andloll. 

we may simiply be flaced with tiliesitiiatiol that nothing meamrligfril can
said by way ifcortliparisolr 

bv 
unless there is little ir ni ivelrlap il the valies of

the (listri kitions. It is when there are differences ill the spreads that am­
biguity most oftin arises, as in part Ii Of Figure 2.12. ('an we believe a 
comparison fGrotips I and 2, when tire ruedian ihr roiip 1 is a fairY good
representation of its grti, htitle median for (;rou p2 is not typical for many 
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in its group? Without really answering this question, let'sjust say that theremay be ways of getting around the problem. The method for dealing withdifferences in spreads again requires data transformation.
Before discussing how data transformations can sometimes help whenmaking comparisons among groups, let's specifically identify some featuresof group comparison that have been evident in the previous statements: 

- A single number is used to represent each group. This is usuallythe mean, or'the median, since we want the single number to be asrepresentative of the entire group as possible. 
- Groups are compared using the means or medians representing

the groups.
 
- Differences in group 
means or medians do not necessarily indi­cate significant differences between groups. We also must con­sider the spread of the gro)ups. 
- Particular difficulty arises when the spreads are lirge and resultin distributions that overlap to a considerable extent. IJependingupon the degree of' spread and overlap between groups, we canqualitatively assess the believability of the grloup co mpa 'isonls. 
- Data transft rniation can soletiles h elp '. l otot spreallds be­tween groups and inake forinlou l' tie ningfll] gr'oup c(ollipilariSoils. 

In the plevious sectio0n, we saw that data trlansfor(ml1))ations could helpeliminate asymmetry front (list ri but ions. Whtll collpari fg severalldistribli­tions, however, it is miore iimportant to find a tl'allsfornatioll tihat will vellout the spreads than it is to find a trlnst'orntlatiill that will calt's all tiledistributions to be' Svlnnetrica.I In l"igtn 2.13 box plot.s are shwn of' thedata in Figure 2.1 1. whl'e lplupil-teachr rtils wee cl'tv'gmol4'zld l),v till' levelof %'-alth of' a colllrt V. Note that tilleincrease~s. sprteads stvadil v dv'Cl't'st,; as w4'alt1Tlhe, inh, r.(tiartih, Sl).e d f,it- the, distribtitionl (11fcoutl friv, withl 
GNP's lf i r44t14m1 $120)t) is 44il ' , t.llll iar(d to lit' vt< ll ,' (It' 12,5 forconntries whtn'r, tht (;Nl' is less thai $50)0. This is not a evt,'n,4c ('0' folijrwl',ldistribut io110 Sli.',ids hit for i Ostrict 04 l pljf1o'.(,.l ) lilte c. 1'lct Ik t.-.p will 
be illhistrilt(d.Actuallyv 
equallize spr'ads. 

thIee i j. ;n (-;s *v in 't hod of'h'ctinfig thw IllrppI l r 1,11ltnm itl ft)r 1i 
f ()If('hillilnl Shviln-and-hi.;lf displa.< hilve beetl lpr(­pare~d for each oif till( gy()up's 41t i.ote -'(st.Shown to T.ihh- 2,1 an-'( i ( i))'sf 

lra lls lgl1llill I lils o if)If)(, Illiv v;I i ,lo t ll'vil f4'l- ll the 1, ntlllil 2" tI ll llw'vtabesCho~osing thilt trallsf ll
tilt' ih if ll( ;tllllloll -l (,l allt l'irlls,onJl %,Illcth Ilm ) t lwl i ll Fi'lll.,url'lV\ cf,( ill)[ Ji( llt i i21 idWt. tll1tvn' tl itllth,spreads. As Call t(ws(,(.n fri)ni T a)l 2 1, bo)th thle I Tiind I i ti-ansforni-))tionlsdoilw tr % ood(< lj+)l, ( lo l[ ga+Iii II}+OwI )" lusll i '(t s ;l -Voil ill(v fi-t[o)ll)hleft to)riviht ill Ow( fili~' o() {own thi ++.cilh, plr-Sentid ill ,, )-10 ) l'wvIt.list, the -I 1 ta s'(r 
 at o f] lt)t e Ijasis that till- pl,-ctntilge, diff(,)(,ncts
between lt( stimlhest spre(ad mid lthe 1;ll~'1t' :4ll(,1ld is fillll lli/(d w\lth thistransformnation, tOwnl it is it sillple lllatter to) c<)istruct t( fill' -rutllibl. 

stl lnllrt bl an" It hh)x iphots fol. tills, trllsfOl'l lln, (l t having togo throu~gh the, prw)css of' t-rlrlistof-llill fi 
wii 

all the,dwit itells. 
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Figure 2.13:
 
Box PlotsofPupil-TeacherRatiosforCountries,byPerCapitaGrossNational
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Shown in Figure 2.14 are the box plots for the -1/x transformation. It is
quite evident from this figure that the median values for the three groups are 
considerably different, and that there is a steady progression, with poorer
countries generally having higher pupil-teacher ratios than the more weal­
thy countries. 

Figure2.14: 
Box PlotsolPupil-Teacher Ratiosfir Countries,by PerCapitaGrossNational 
Product,Undera NegativeReciprocalTranslirnm tion, Data from Figure2.1 1 
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about central tendency, to gauge tile spread of tle numbers irvolved, and to 
assess visually tile shape of the distribution. With ordinal data the use is 
more limited, because of the nature of' the data. but it can still be usedl
visually to illustrate the shape of" the distrihut ion. This will hecoine clear 
fItomentarily. 

For interval dita. the basic ideas of, the histogram are quite simple. The\ 
can he summarized iln the flolowing steps: 

a The entire arto inside t he rectangular segments of'the h istogram el)re­
st'lits tle totl 1itumnher of' lnits. In Figure 2. ,'), there are 50 units (i.e.. 50 
states), and we walt to reiresent these 501 units as the total area inside the 
figure. 

hI Ti le fi'st steil in Constiuctl ing a istogi ail is to es la lish class 1i/i'ro/,s. 
In Figure 2.15Ihe n mhers itteinle runavergilaysi :i low of' 1,15 to 
a high of 172. First, \ve ',id, up this raligi' into 'qual-siz'd inltenills. Ihow 
this is dl e is sollvkhil :11 'itrv. but it shoull restll ill nwit elt' till) I",' nor 
to) illiiV inltrvals. S lillIllng htewi e,
suffic'ientl. Ill FI~i 'l 2 

n l 7)and II 'li iitetvilk i, ii.ual:lv15 thei r si x cl'h1..isi, iii ;i . c'iiwh \%ill wt\\idihllo l 

liiits.
 
t1) A fter hlllclilli'l , l'l> l 
 i, li llil llf ul i ti I-Illll im i I tl 
l p w,,pN i z counteidl . Th i I , l ,q ,n \ Il) itIil ililhq'\iil, Fromi Ihv, t;1hh1. Ill

F~igure't 2. I-15 i It,-eihh ,> l I lail I h1w i l' , N%tliilhl i1l 1 I t) , ;iG '. lg ,i % 

l111iilherl ol li\ mill'11i rd I 
p. l llll lh, lcmli lt lt'oll! hc ',i l tc1d' Ioh 
/ cr l f'il'' h'I I li\ iil il l i ii i ii i , ' i 'i lit rI ii I t\ lwi'1l11Aililliiher fit ill1il> tlwl li. i' i0i1 i(11w;[illd lhrnl 111111i '\ll. h% 1111I ']'h ll,h 
percentage 'C t" til cl'a ii iihti 6lI64 t S is l m )ot lS' , ' c '., Is'; ot' 
the units fall in the ralnge flion 1ti.1 to IGS,(

(lt Eitieir liw f'i'eq lient. o l ie ihiii'tili di l irlllt cl i li e plotted.
Along the veticala l'ilef iii'vl to'xi t,l t ,lip t'tii t, \aliit'. 'I'ii, hii'izoii­
til axis i'epi'e t.sen lit t if valitut'... with ibis'. ittrvc 'i, uiit'lr td tlt'.i lltI' ' ml)idplliit oft vii'h jliltvi" il I- id, ifir~ld. t ~i ill ,IIll F:igl-rU' 
2.15. The height of' ita chi 'ita tige corn poilst ih, t r ipit' v it the pt'-rt''/lce lil ofl m l, Il l t l i il r\ i Tl'hu Ihlw rw tmii ]c l, lil t-it) ' i-­

intervalfiitll I it)i ll , 
i : ti n it rII'qlh(i t I I il i Iii 'I ni fi l h iPart , 

l i ll] )' l lt l ,l I,uipei lt- tl~ (.tie i I ilt nii h l )Ji I t !,he , ll(' , l i l ist Ifitela -t tfi'l'it oflt, t . r lt-I(' '~i; l, iitilire ttnla" 'rlla irge Impl­calli'lli go olnl~ '(h) tiih l it l h nl i lit' lt oit.tofl li~ l i l l~cit\fll~'li 
lp loin hot (.111ici 11.1] hel dl Iti-dlll , l li ,h r - ! it ~.l ,,<l l i~ l ,l I 

s i fq till-ri , llliilli ,ll 
 o lp l m i l - () ), o m l n o o l c 1 
tionl occursl 1111-ho' gr ft lil l;ll Ipll I i~ \ , l H -;I1, t~l\ -1 It h* ~ll 
ilvailahlii, ltw l ipo licn lml lldvi] lli. o lld ,m (~ it -I 1h1wcil-, illf(1,r , oldlh
he, llI'II ql;iI~ ] ,. ,'e 'o il.%. oml, ilr 11,11h v\' 1irtlii, l tll %A]. , cou ld Ill,,,m ­
filid t',l, I l~i l illit" li m t: Ill iIIl ,li-s 11... l1 ' rhI no 1 11.1I~, 't , i , l l , i lil i i 
hivtll gl l pclidl ilil t,( w tll~, ]llh o thrl . p- i - 11.1, olil(i tic'iplel l v,

In Fi ilu i(, 2. 1f , i I i llti llii i IIi th [,).iI )l \%,Ith 11 1'1itlii (I Ilil tvi %;I , ;it dIcI;I 
oneoill l-vii 'dqInlterval 1, dlsptlav~d. T']vt dmi l \kvw t}1-ow l ; il l-i.',t :iiilllh, 
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Figire2.15: 
Frequency and Percentage Histogra(jinso/ the Averagte Nuimber o/ Da'vs
Attended Per Pupil Enrolled, by State lir the United States: 1973-74. 

a) Data 

Class interval rrequency Percentage 

144-148 
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154-158 
159-163 
164-168 
169-173 
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b) Frenuency Histogram
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Source: National Center for 	Fiucation Statistics. 1977 Dinest of EducationalStatistics. Washiniton, D.C.- I.'.Tab-T-d,	 r 
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survey of the workforce in El Salvador. Note that the intervals in the table 
vary from size two (0-1 years) to size Four (2-5 years). Also, the highest
interval is open (15 years and above). In Figure 2.16, the open-ended interval
has arbitrarily been closed by assuming that nobody has more than 20 years
ofeducation. When reasonable bounds can be determined, the diagram can be
completed, but this is not always possible. 

Figure2.16: 
Years a/'Education/br the Econoaiallyv Active Population in El Saluador, 

1975 
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Source: 
 Center forStudies in !,!,catln and flevelopre-nt."An Assessment

of the Relevance of fducatior 4, 11 'alaionr." "arvard Unllerslty, 
1977 	. p. IV-14.
 

It is also p ssi if, o (h,,l %i il lifi rpi ,i/l, ,iir.ij-l -Li-.lolf-,1hf ,;a. a,-.

long wte In-calll thait it 

0

O tr,i i I tih,,1hI ,vr;,il thill rlr-'e t.lh,. 1e

total frqi-ni.. 1lt h,4 l - pr-ist. vi,- plilld -,. I- -xior-, ii Ili th , tiilbh. the,
 
.ist a l i1i11) 1 -. ,.%ould b-
1iofwyea,;rs ofl't c;, ti.; he,,,, Nall,IIIiti,-t t ,,I ,luld . ii -. i11;1%.(- pl,,tted( %%, 	 it II i ;r t%,), tifllI , '.%l t,' flid( hl I hli ,oI 

'2(027 'ii. th-tIlotal ti ir l2 • 2112 liih11 il. f.ill ,_2-+ ,,tfi.. 
tItIatioll 111111 IWi( lrtl l -I' A bAl I toillt- V\,l rid i, ; f;l ,, Ilhltiwe 	 t)tal ,i , a .-. I Ti; ;ID ,, Ihe li1 , h I Iir %%I it, rr tl p1rrnj ti ol 

to O w t al. oll fil l - (-Ied(li't. i lol l i. 1z,, %iO wtI {%%,,,t h 1+o lil,l' ,>,,lIh, ,(d it) ;I I l ,., h. ,i, i i-6,I ,.ee ,., efr},I f'1Ji tlliit ll, %%,lt%%' h hw ilvht ,oI l!16.1 :1 
6.5-5. Thi:+ , ar' co~li m 19}' , o Ot i ii,r.t Ilit tlio- %Ovh,,h ligu. "t' l., FI'VIIIir 

2.l 1'f. T i, le >;(v h l, ,I I>I lll tulleqll l ,cl;i- It(.r ,& he't'ollif., cleari , 
ht'(_'vItlo I Illlnakt e. n(' -o' Il'til+ , (lo 'il I l' low III t: 'l'tlll iI helHIM it ll WV(/Il o 
the hbars om.11 i,- co1 	 ll lll", no~t .lt the hllht. 
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Figures 2.17 and 2.18 show two additional histograms. In Figure 2.17,initial incomes for graduates of postsecondary schools in the Sudan areshown. It is sinilar in construction to the other histogramsjust discussed, butnot all histograms need follow this same pattern. Figure 2.18 shows oneinteresting possibility. Essentially the histogram has been turned on its sideand a second one added. The right-hand side shows the age structure in thecity of Newton, Massachusetts, and the left a com)arison age structure forthe United States. In addition to providing a visual descrij)tiOntribution, as all histograms do, Figure 2.18 
of the dis­

uses a second histogram for
comparative purposes. 

Fig urn, 2.17." 
InitialIncomts o/'Gradoaht,.s o/'Post-Secondar In.tittions,/or the Su(lan: 

1975 (Surevy )at 

a) Data 

Class Frequency
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500-599 
 71
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b) Histogram
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Source: 
 Bikas C, Sanyal and r1in


5 rrsluis. 11i0,er flucation, Hman Capital andLabour market erjlentatjon In thf,'udan. International Labour Office,World tmployie.t rroqriTf, Woriinqri 'per No. ifn,March Iq7f.
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Figure2.18:
 
Age Structureofthe Newton, Massachusetts,PopulationComparedwith the
 

Populationo the United States
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Figure2.19:
A CuMulativeFrequencyGraphof theDistributionof Years ofEducation,El
 
Salvador.. 1975
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Source: Center for Studfp. In fducation and levelopmenttheiRelevance of Hducation "An Assessment ofin II SdIvador."p. tV-1.t, ltarvdrd University. 1977 

\Vith thlis di~lgnri l it 1.. i1)'- il~h. l)id ai 111,11ii v~it ;ndIItllltrI tli lzninge, Reca<'+ll th;at IhII(.hmIl thl:lt 1)(1111 %%.,114-r.e.511'' oft, %al'lbightir and( 50' 
vu,,,+a,( th , vallti,,s lhifitqu, nci,. of'I 5" 

TIl h nt+', %Ilti,,. ofcill it1I if 'IIIIIIhIti',i25 "7'5'; "h i n, ilrt~h, i-just ge 1m 0l.0,11 o l tirvapil,te (fiff rvi,, betwi-,n llvi , 
ll, 

J,two hiil ,s .\l thrn,,, k :Il; ,..off the gr;jh. Ihe nw(hi ilnis an, 4.;I-ilv r% illhett,1i1r1 d IiIII thI, ll,, In ll50"; muark oil thw vrt i(al a 
alileri . lill ., th ('Irliik, at ijI frI 

the 
lia, oiver to I uiui' y ax NIInihbOw gia-IphI: thn diroji ,i I* l hisa 'vrtiwal urn+ to thll fn,median valu, can rut:i "xi i,I',hw i (1,0T ItlSirilly, f;fu %ttIle (%%(hInl.,es ;Ire.( fll 1)( to Ie, Ii thu. ';a.i it .v, bhoi il)OtJt 2 yxar:,.I 1)31,Yvals al)( 5Yvars. nll;lk ig 
an estilliat of lilt hl-spr l of S1.5v'e-s. 
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Exercise 2.3: Construct a cumulative frequency for the histogram in
 
Figure 2.17. Find the median and interquartile range, and comment.
 

3.3 Histograms wtith OrdinalData 

Histograms for ordinal data are constructed much as for those interval data, 

but no class intervals can be established because ofthe nature ofordinal data. 

Recall that such data are ordered in the sense that one category can be placed 

lower or higher on some scale than a second category, hut that the distance 

between items on the scale is not possible to determine. 
To construct a histogram for ordinal data, one again computes either the 

frequency or the percentage listrihution for a given category. The diagram is 

similar to that ,6r interval diata, with tile vertical axis showing either the 

frequency counts or the percentage values. The horizontal axis is used for the 

orderedl categories, which may or IMINot IW placed next to each ot0he1r. Since 

it is not possihle to establish distance between points oil itn ordinl scale, all 

the intervals are of uni/frim wid/Ith. 'Shown in I+igtgre 2.20 is a )ercentage 

histogram showing enrollments. by level ofeducation, for the USSR in 1975. 

Note that in part II of tl figure. the rectangles have been placed slightly 

apart. so as to alccentuate til point thlt these tie ordinal and not interval 

data. 

4 .0 1)isplavs flir .\o t alii /)(1t1 

To this point we have discoissed ;I varit.t.v of'techiiques foi displying 

oillattention nonlinitlinterval alnd ordinal dat a. It is now time to turn to 

dalta. Recall thatl with liiiinal datai there is no u tderlvi ng order to Iihe 

categories into which dat; are classified. Ine.tquenll.v' we cannot look for 

features like teatul tendeci\ (W , I'lteangeIn te listrtiItill, hIecaTlt-e these, 

features have nt(fin;taiiig with nfoinil data l)isphlvs of lotanllal datai 

typically .tl feallttires as ;lbsoilote flijiltelcY i.c , cmioit'. of' t1m ri/c 'iloh 
I'''I teT(JUO 'IV 1.0'. ptwr'tcfit; Igo's 1, Wl ' tll Olopal-lll l); Al'lsll"(]thinlgSI. rt'IlA MV 

vi pi%(, lltIIatbsoltl o 1"'l t[ W 
Its ttieto r" ' tpht t t lis' f I.rI to nm init 

I ; I - l slat/i it iti tctllpited loA.hsw lIM s Cill 


describe feilttur,- if thi dtplav. 'I'li) is a slort ctli n, biiased l,the litef
 

that it ge vir:l explaltmtiltl st l vil itd by sh.v\ tal xalpile>. will provide
 

stifficietit gilidth ce fr the, ul, (d s lch gr ltphs for olltr r
 

Tile b r1gr;tph is ver, 'ilili ili tilppem-aice toia histig'atit. It ciiisists o'a 

data. ll will ils, m li 

th iJUt aitintity lit-tag 1 ihittd. This jaii[tilti I - i-,thr tfre(lijtcv cittilit oira
 

relative freqiuetcv, is w:as trite with hitiograilts.
 

lit cotnstrllict ilig sch iar grai twit rues iiftlassfictttiiin mu.st be consid­
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Figure2.20: 

A PercentageHistogramnof Enrollment by Level ofEducation,for USSR in 

1975. 

a) 80 primary
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I 60. 
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Source: Japanese National Comission for UNESCO and the National 
Institute
 
for Educational Research (Japan). "Educational Developments in

Asia and Oceania," Chart XVI, p. 21.
 

ered(.First, thlic]1iftit o 11st bie clr ipelirfisivi. r-onugh to cover all 
orbservati(n. invilvtd For ,axiIph,. ther. I.no point In ollittiwg ('at olic.5from I graplh sliowi i ftequtencies of' stu(lents o various r'igios )ack­
grounds. tnils,.. ione otIli'e ideitsI ('athol w. seh i i n thalthet' rul :11 
classiieatiori must hi,rIadehccr(linig toa siigle citvioni. (hat IlomIIIx and
e 
non-exclusive categ ories ,illinvolIve1d. In oth.r words. itslilolil iot Ie possi­
h 
 to ClasSil' a sinhl iili,rvai(Ir into orC than ,m, categor.

In Figure 2.21 a -itinpl, hargraph shows the urhan-riral distrio tl i olfthe 
econ1iicalIyV M-tVi Iulition i111El1Salvador. All bars ar a nwit n(h', the 
height in fhis case Showi g the relative lre.,rerecv olthose surveyed in each of* 
the two iutually exclusive categories. 
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Figure2.21:Distributionof the EconomicallyActive Populationin El Salvador,by Urban
and Rural Region: Survey Data, 1975 
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Source: 
 Center for Studies in Education and Development. "An Assessment of
the Relevance of Education tIn El Salvador' Harvard lUniversity, 1Q77
P. IV-13.
 

Iln l'iginr 2.22 Oiwr, i-s il"ther EX'tlEli)eIE if'lt( !ric*v IIt~l.tiIn tills (*I> 
; hill" "r;ihfil ti d (lisphl) ,Er iffSchools thatI eill it ) valoIil, 1\ShadIr offeIr ocrul)atIhowd prograllns is dhsla.%v.

t 'pt'sS i(it ,t (ic irylldalling iE,to I lpi'a] (i ."wt thatji';iic l Ihvn fit xtirllidter u.ink(tiiliirlt liioll: viih h far i 
ncl'de Ill tflit plIcc oft f't'ri, ijt Iii 

this i f%%t-1 itq) rill-tifilEt,ofn 

parut-turn' 
 hla- it fil stidifnt.Bar gapr;ifs ;[w Iiithall l l lj.iitifto.-dE'hf III a;I%,it lll> t \Wishe< to s 1-i, l of 1ifo'r )inProih)l l fil' ­
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lh,, dh , ;owl, (- In clIN I-Y Ill
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'I t'l (ofU lX .'l )II ' ('- tll ' ti s I .
(h tl lEr cErilj Ir;tiv,. I,p 
 i -,. (Ih l,,JiU IriiE.E'li t I ll'i.lr %i-1iljlyafinh'i'IEl .,, lIiiFi'n' t tfirII i'Ht'fi t ;it'U-ir ' .I ''oiE pillo'IE-. I.- liiEfhiws, Jiiilifii,'. vti',i. hElwcollii;rsI iif jlon .. (ETt'+~I. 
o 't 4' EorOno a v l 

'lli i E"rI" li i, .ltha l . 2 2] sh'wr,i lli i \i p ptlhIlltIj ll 11 1 ,,1 , ao rar asI' fi.S is illlph- lil 
Sa I vi, I1) ii1 alln' 

l tii iti Et iijtEdisphiv sIc fill ti t lS pEIr-set'ehd if)asif har g r.iji, ]Ejir iiiiIily5 OwEhwr 
a 

' JiEE< IIIquit str'iking rtegri.- ;1,1andj IEtifl, aiinwl.\t ishE tE maitke ".1're gnwiri d 
Isf 

tht, diflerE,'!ri'sh v itf di'lsriii ron k' r- a 
aren !EjidijE tilt r''ipl ofE(;raiphs r'rs'rlibln flilEi ll,a *-sis.l 'v.. hfi i rapis r"'a
inte rval dfat Irt; t'-unr n. ll ti'. iify usiad withfI hijii siui t 4-i)rEt'i!'.Elt siffrl' ill(,llexapll)t,, fi r 11iilbner.i'gtre 2.21 FortilE' EvE'r'agv' 'hlrg(s of +ill ;I varhtprogrIrIj utpilatiolra]aIre shown It is tha,-I'ilrni this figure that ff)r'('l prigrai, private 
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Figure2.22:
 
Enrollments in Non-CollegiatePost econdarySchools Offering


OccupationalPrograms:UnitedStates, 1975-76
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Figure 2.23:
 

Chargesfor OccupationalPrograms Offered by Non-Collegiate

PostsecondarySchools in the United States
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represent the level or frequency of occurence in that particular area.An important part in developing a statistical map is the definition of thegeographical area. Educators are mainly interested in geographic areas thatalso coincide with administrative units. School systems or regional educa­tional districts might be appropriate in some countries. For small maps, theactual districts from which single schools draw students might also serve as
the geographic unit. 

While there is a good deal of theoretical work developed around statisticalmapping, particularly as performed with computers, the rudiments are 
nonetheless simple: 

- A geographic area of interest is mapped with internal boundariesrepresenting the units for which data are available for display.
-Several class interval; are established (usuallY four or live aresufficient for statistical niappingf, so that each unit for whichdata exist can be classified into only a single class interval. 
- Each class interval is representd lv a differtent forniof'tshading 

or design. 
--The map is theti tilled anit by aunit, each uilnit theaccording toshading or design representing the class intervail in which the

data for the unit [,ll. 
- A key is included which indicates what clas.s inte'\val co'r ponds

to a particutlar lattern of slioi g.
 

Suppose, for examleh, we wiNshed 14)Itt reprmt,on 
 , t;ltnitl:l iap, tdoaverage levels of'4tducatilrl lttaitiontlnt in AfitH'iil citinitrie,. Tii gin­graphic area of' iltenst Is Aic. 'lii intternll hnnridmi'e., coincite withcolntry houldarits, So (d. r]ei'dti )-typ ap I ;tlS %av;1hih ,()iir (itt iiif . 
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- llw ,,nz\illd ntlu;. i'>tiTIht- df'-W ,',t I r\iti\III,'h o u1,1,d 
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Figure2.24: 
Change in 5- to 17-Year-Old PopulationDue to Migration, for the United 

States: 1970 to 1975. 

National Center for 
Education Statistics. The Condition of Education
1978. Washlnqton, D.C.: U.S. Government -rfntTn f-c--TW7 ,-p.33. 

5.2 Dispdly.s ,," imew ,cries 1)(ita 

When dlatIare coilecte(l on a si"9h, \lVri-lble,. but for different points intime, the st~lof data is cun only c'alled a time series. Inroll ents in a school, 
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collected for the past ten years, is just one example of data in a time series.Short time series, of two or three different points in time, are convenientlydisplayed with a histogram or bar graph. But longer time series are effec­tively presented in graphical form. Graphs are particularly convenient Forportraying trends and, of course, can lead to questions about the source of thetrends or its impact. Graphs can vary enormously in design, and no attemptwill be made to discuss all varieties that might be appropriate for educationalplanners. Rather, examples are given which demonstrate possible variations.The utility ofsuch graphs, in any event, is similar to that described for otherdisplays earlier in this chapter. The intention is to display data in such a waythat patterns or other features of importance are malde apparent.The mechanics of constructing a time series graph are fairly simple: 

-It is assumed that data have beel collected in a variable of,interest for a number of time periods Ii.e., years, oiinths, daYs,
etc.); 

- The data are plotted oi a coordinate system much like that usedfor constructing histogramus. The vertical axis, also colomoinlvcalled the Y-axis, is Used to r'Iresent raeasurenotnt levels appro­priate to the variabl o(finterest. The h rizontal axis, also Comonly called the X-axis, is used l­
to mark off th(, time periods. 

- The origin, or z(ro point for hothI axes. occurs %lOr, thol ho'izon­tal and vertical axes cross.
 
-- Each combination of (lata aidntdthe corrsplini 
 g ti j period islocated oin othe graph and ildicatel b. l point
 
- After Iplottilig tie data j) lilt., 
 i zl t.liiiItS ,"Iia' culill(TIc(istraight lint segguinnts or left to st:irii i[]ditlimit 

%%it 
, -.,'(i-p lrttor­a le in the sittlitiol. 

Shown ill Figure, 2.25 lislav. i i ill lt voirlt hirth ill th, ('nitedStates. from 19to 1975 With ii;rl. uihi\(-. il itilidii'cli In itaschil one woulil (ixp Wni , t >. lir hllIiisrt.
 ll pllu 'V il'r;aclhsrefsIlbirth
patterns(F quite (-losly+ oNd1total 'hllIlllli'v -cl fbirth i ulllilt .paitt riiv to) I ctittot >ill tit't Shiwi ii l"igmi 2 2;), ir, l tol­rollnients iti n, Ihi 

1 
<lt 'gritlll t)iiuitr\ lh )i<l Notel tl Itlt i ('nrIs1l1u(,nl

patttril is(itlitt "-in l irtnoit hiard tI tlth Isnd-. ill hirt -I .. hit lh ii(d h% .Ilnr(dlt thw Irn'nd( ill ('ilr, idllx, ll h(,onll Ill,, , .r It 1- 19 f;t,hilri-Ift u iiu-.ual
 
tIcitillsu;licv. 
 l t, hIith pitth iri, h, 'iirlii iitlt. %1t-giawillr;.(,for a! ibout tio vi ;111 thF~igures 2.'26; thr l ln ltl 1 gain fllr"- t i 2 2-7 I toi . Veill ,+ho\% td lltowllll tn- , .i l lII+l l,II l(l 1111 .'pllqt 


d lta, iispl ivsdtit or;iph ;il oi) i Nllt , Il it it I1-
 . ill+t i olt - I ll ,thiti ie V;li lhl,II Iiii t ri ",iIiF,r e hip or(, 2'l 21)f -hlf 4-(dilt',txpeie dittre-, fir til t it iiI),
'itt titili o r ro-Iit tilt- (i;ita; ;if(.plotted faor llilr ttist t l .ile.,f l l.iv,, Ilnii r ,.iil t If tilt,Li va ifthleatc rdinig to thit -pUilli f)ii'\t tlitio l 
ti a i 

It thill £Itllt ll., thu t(w ouitrioniallines result. Frilo till, plt it I., hh tvlu i 1 lto .1 thil tii itioid i l v\d,private illi uti lls hI;]\(' s lit hllon ll,r'Itih nt thal pils iu listitiStloills.andtthat ti(, ti ) lii.\ih'li dsh plightly. 
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Figure2.25:
 
Births, 1940-1975,andFirstGradeEnrollments,1952-1976,for the United
 

States
 
a) Births 
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n," : i II I )­
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Figure 2.25 continued 
 b) FirstGrade Fnrollment
 

3 

2 	 enrollments 

Source: 	 U.5. Bureau of the Census. Curremt Population Reports. Series 
P45, No. 601, "Projections of the Population or e United 
States, 91, to fI'Jd Washfnqtnn. D.C.: 11.5. ,overrmient PrIntlnn
Office. IS?' , Table I; National Center for fIuratlon Statistics. 
Digest of Filucational Statlstics. iashinqton. P.C. I.S. Goverymt
Pr ntfnq nrfce, various yr 
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Figure2.26: 

EducationExpendituresperStudent, by InstitutionsofHigherEducation,for 
the United States: 1965-1976. 

conSalll 1 .76 

$.1 U 0 	 A ll ftn wlfSt 

1000 

Source: 	 National Center for Education Statistics. The Condition of Education
 
1977. Washington, D.C.! U.S. Government Printinq- 0fice, 1977 . p. 59.
 

Three variable graphs can a s1o Ie effectivel y d isplayed using i Cumulative 

pattern iffrequency counts are of concern. This ismade clear in Figure 2.27, 

where Master's (legrees tonferredI from 19i0)to 1976 are ilso shown )y sex of 

the recipient of the degree. Since the total numllber of'recipients is just tIlie sun 

of the males and lhniales receivi rig(legrees, the alrel bletwettin the -total" line 

and the "male It i rplri(scnts (egrets iw;iinl'(l to felels. (lalrl' there has 

been renarkable growth in the numbiller f'(legrels r-ceive(i ecently, tilt, 

being true l'10rboth sexcs. 

Exrcis', 2.1. What 1111s tht, grtlh iii I-igure 227 tell us iablut the 

relative dist ributilon of NMaster's Ifegrvls letweell Imales Itlni finiialhs. 

A IIItin1, anfil i ifiporlt; litI, UI-qI o " ' i Il>}), hot~t I Iw itilt 11t Itoilid( T[he' IIft v r 

si 	 ill(i, iriI it ft,.1 It I lf" r ll 

design (see 'olin Ill', aiiil these kinds oI'lati it',Iery ,I'ft i-l lprisntcd 

in the forll of' i graph. Iligurt, 2.2s lll%% ai griji which illustriitt,s tilt, 

Jiarellr illi ili if llh i iii I i oi ofti;li Ii plf t ill rlrlli iilr l (\l t it il into 
M exico In 19!i1 llhv %cltiil hlnl, iilvlil'cite, tho, 1111t, (ith it(.I lrod(litlo l '~ 

rupted tion tei i, sl d vsig.l with t I sInes -. ii; i r ll. t il 1.se1, 

ithc 

innoivationl. O)iltil h i A rtlliI IH i a ii ll r t'11ihc ill, Incitld(.(l it-, (,,onltls,-, tip 

ili(liclit, tltal lh . vl roulgh codlli ; llil~l IIIb t w tll lO wlti e rc ot il l le. 

plriorl to ilht' titliv (if ihl, l11lr tictlill of tht(' il- l ilt III M ex×ico. llMlii-(, 

1961i. Ilut i w i(11-1iiligL Vuill) :il ti O W ifitlriM1i ilio ,Not Ail (if tilt, iniliy he 

littrl'iltallhl 4 he parlit'ilkirslintin oftw ict',l hoiwv%,r Notli, Ihitlt 'vniprior 

to 1961ltiht. M liemi %wis~l ill N11,xicol svl~lilc,( l t be Ilcri-'ilng lllonri > sst n­

tiall~y thtan inll ittler tiwtoconiirll coluntrie's. , l llit ifth, l~l 'llicitt of' 

til enidw ll~l acualy ,, o -tntinuation <folierrfwhi+l ttrilllatl, 
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factors that would have continued to increase wheat yields in Mexico even 
without the new form of wheat. 

The rationale for developing such graphs is this: controls are used for
comparison purposes; the innovation is located at a particular point in time;
and the trends before and after introduction of the innovation form the basis
for assessment of the impact of the innovation. Without the use of the control groups the technique is less indicative, and arguments have to be based on 
changes in the slope and level of the single trend line involved. This is always 
risky. 

Figure2.27: 

Master's Degrees Conferred, for the United States: 1900-1976 

300 Total 

L , 18 0 

C0-3


12n 

60 
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Male. ,/' 

0 ./,.,, . , : . 

1900 1920 1040 
 19(n 1976
 

School year ending
 

Source: 
 National Center for Education Statistics. The Conditions of
Education 1977. Washington, D.C.: U.S. Government Printing
 
Office, 1977. p. 65.
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Figure2.28:
 
IntroductionofSemi-DwarfHYV Wheat in Mexico in1961:A n Illustrationof
 

the InterruptedTime Series Design With ComparisonSeries
 

3500 

QA 

3 ,
V, 4+4SG _j --- I' 

194') 950 191,5 11CV 

Source: 	 Donald T. Campbell. "Focal Local Indicators for Social Proqram

Evaluation' InVarcia Guttentaq, ed. 
 Evaluation Studies Pvlew
Annual, Vol. 2 (1977), p. 134. 

6.0 Summ(irv 

II thiscil(' pt(r, th,I u vili ihit' t .'r ivit'l..ii i0lt jile;s v ilc i th\.iltig;i vit.,conmponent, we~re ch'escribc(dI~ i]]u .ljtriltle(l \',.Ill) fX;IlIphS The, chiceit o)f' 
tec h n i qlu e i s+ ( I ct t e r t l lim (l lby i iw i t h , \; I l i (, t Y, I&" I ' t . tcl , I fn c lt l l i l i t i l t ' l v, e l I l 
niet,,itirtentlent for th t\i l bl vs+] ivlvelxl, illitiltv of* t tl1: the Il+,i i ; '.1 
w hie th e r t i le i nl y l t s tlc,.<cSt;tof i el r i g i t mi i + : fl ow ih , -l\lI( , m e, 
c,tego~riztetl, wiiih geog.rpllil ilml ltilm, :rw, IrI(lIcIt.'irq:+ 'jwIA V oftI, ,\ 
'1llysi,-+ :111d,filill y, the,l1leitioll(ll o+fth, il il'l lllvl111 111 , hi,%o,.,r. ll(, 
olbjecti%', o' t& v~ul It;I d(,liYi t4,chliqult, I";to dfillct',+v,till. 
illpor'tm itt I',iitur(es ofI the (Li:tii. t 0''l1-1tu,<, it , ,; > .tv,;Ittl. , IIV+ 1- , 
telti rll t t-tt(jir vt'), of t he i.ti hillioiiI I n1111ih1c '.1.t, gf-.if-,til -h,ljwthe, pwii,+l 


, lh e l i st r i b il l l<ot l , th e,p ; t t e,r zl , ~(it h n ' ",.%tl 0h , tV v o \, +,t
I l l lll l o l l , ~ i l d i l il t . 
o)r,"ollte' i~lll li,'l,
il(tlfitl I t

111this+c'hltir Ithll reituh~l.NI ;,h;,o]IIItt-diluId to,th,,( oiloptlof Irifl ,Aortll\+,> 
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of' Illleilstllres of," 'evtl ] ll4 1(lem-~Y 1,01, vl' )l gro)tl). 
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7.0 Terms /or Review 
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Ine l
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median
 
variance
 
interquartile range
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class interval 
histogram 
bar graph
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box plot
 

spread
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3. Shown below are frequency counts for ordinal variables of interest toNorth Central analysts. Construct histograms based on this information. Forthe variable District Size, construct a cumulati.e frequency graph androughly determine the median and H-spread. Comment on the distributions 
of District Size and Enrollnent 'rend. 

Variable--------- Cateqories . Absol ute frequency 

District Size
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1800+ 
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Enrollment
 
(% change)
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+-5% to -5' 165 
-61. to -9- 76 

It)" or h'elow 103 

4. flow Inight a atititical m;ip be I.t.(d to ad v I) taget to Illutrate averagetl .lch r salafries III th, st' ool di trwt it' North (',ntral" 

FtA' t, 2 2t'tAr'iragi. lTeitcr .h'ltrt in! () Ii'enol,,,l '.',ih .'eh,,,I)Iqt'or tstn .orth 

?49 ?Ifi t1i 2' 

314 ' I -'4' 
in-i 

2(7 'I 7 ', 1 " 1 , r ?43, 
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Figure2.30. 
Five-Numher Summaries of Average Teacher Salariesfor 100 RandomlySelected School Districts in North Central, by EnrollnentSize 
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Footnotes 
'See, for example, the computer routines offered by the Harvard Laboratoryfor Computer Graphics and Spatial Analysis, Lab-Log, Cambridge, Mass.,
1978. 
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CHAPTER 3 

Tables of Counts 
Gary Lewis 

1.0 WVhit' A/l.ud11 
I I I Mt,$.'S*r1b' tI 0 ,f11rmt Ihioi; bolt stcon(Id til tlIIir-.v.ar t.stlu nts il theBIot.lwalni Irigadi,, which is all tducathnprOVid it..Ih: a-~t~ progratri (ieSigjitcis(h itd tf.'.Il 'l tr titIm l Ilb taldvl thelf. , in111ilrt mto=.r( 

tuioi tilt i ld pli'i w' i i XJt ii1c4 ,.Tlhe, tabhi v l d il %I-trd,+ ill. '1 m itlli d t' li' tt l- fl-1(.>W -',tild. fill 
t tIjllf'o t %%-

e'xillip e., thatt thw wn ;n, 72 t -tt z , t , r }Ll thll-it 21 ;I d . fill i;i\ I. 

Sloul:l %%lorhtk it 11-'.tc Il i I' I. . i '. d,o'1- Fil-,- m h1 t-Tiohh 

1 1 1 ; ll'l' i n t:n ' n tS . l f l d 

Prior 'WorO"q
 
Experience 


Totals
 

[xperionce 
 1 4(' 
 ,
 
No experience 
 71), ]1
 

Source: Hore r rt " lj(c Pic, w i ".j rsr,r a Th p rr, nqn of %ior- Fnot;a I ca ti on fo rRura I Youtki -' l I " r,t : Ar na I v ig, )" Tra jn in," i n tfro +nIt,warniLLr iqadcs '.' H l!,H i r va rdf , in n infriIro , f c t D tPnr t; IItp t- ? T(1 jS,7fC. 
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[
+e~ ~ ~I naskingsuch q+":+ +++++e+L++: +# tons~g, :/r +d PIne nadenk ngdceuettva bles (ret ov es 

+ : +++++'< +:++rina
araes we often differentiate betwhpendentese w ee nn ee ee dd nn nnpresent case, age is the ineedn 
terms in Chapter 1 if necessary). In the
aibeand work experience the depen.

dent variable, because we choose to thinkthatpartiallydetermine 
age ofindividuals willthe amount of work experience, rather thanA table by islmitsemayybe suffcienoften other things ent to answerquestions in obvious cases, butuetoincrease thea,... _I.•...~srt ehiust 

th evremust be doneintentionof this chapter is to describe and illustrate techniques that can 

assist in the analysis,used to 
to 

The primaryib'++
amount of information available from tables of counts 
be

like that shown in Table 3.1, In the process we will be interested in thefollowing things: 
- Defining in more precise terms what 

1, 

means; the association of variables 
- Dtriigwhether two variables, such ais age and Workperience, are associated, ex. !" 

-Ifehithere 
 sis weakor trong?between two variables,- can we assessIs it possible to obtain additional information about the kind of

relationshiP ex iting, in terms ofote 
 ,wayin
which oneoancriable. isrelated to a second variable? s 
As with past chapters, practice problems use the North Central data set to
provide some familiarity with the techniques and approaches introduced, 

2.0 ",deped.lema mAssociation
 

2.1 h1depel (e/e,?ce 
Using Table 3.1, we might want to know if the age ofstudents and their

prior work experience were related. It was speculated that older studentswvould generally have more work experience than younger students, that in
 
fact the two variables would he associated. What precisely does it mean toSay
that two variables are associated?To answer this, we
de , 

first must understand what is meant by the indeplen.

ceoftwr, variabl,s, because association turns out to be defined as the lack
 

of Independence, The statistical notion of independence is close to that in
 
commn 
language usage. One might say, for example, that the height ofan 
individual is independent of the month'in which he or she was born. Statedanother way, this means that knowing the birth month ofan individual will

not change the likelihood that one can predict the individual's height, In

general, independence between two variables implies that having Inform.
 
tion about one variable, for a number ofpeople or other units, would not be of

any a,'1" tance in predicting values for the second vatriable.

ine thrn 
 oftabled Values, what does independence mean? Tlible 3.2 Show8
 
some hyPohetical data on height and month of birth fora group of2 people.But before addressing the question of independeice, some terminology 

shoudebintoduedbcaucnti talesiiSommnly
lseI wthgenc 
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Note that each variable in Table 3.2 has two categories. Thus the table turnsout to be a 2 x 2 or "2 by 2" table, and is read as the number of rows by thenumber of columns. The numbers around the table perimeter give the countsof people or things in the various categories of each variable. For example,there are 8 people who are short and 12 who are tall; there are 5 people bornbetween January and June, and 15 born between July and December. Thetotal number of people, 20, is called the totalN. The vaIlues around the tableperimeter are called the marginds,because they are found at the margins ofthe table. The numbers inside the table are each said to be in one ofthe cells ofthe table. For example, there are 9 people in the lower right-hand cell,indicating there are 9 people who are both tall and born between ulv and 
l)ecember. 

'lih1e :.2:A Ta"1)hle /'Co u'tts Il I ihis itr tig tl'h l (1l 7 /1,,n1c 0oll0'1gh1 II I. Iboth/I 'B?irIth,I 
[ 1rtt lyl)(1ithctt ' aml,'tld ol I'Yoth­

a) Table of counts
 

Birth Month
 
Height 


Totals
 
Jan-June July-Dec
 

Tall 
 3 
 9 
 12
 
Short 2 6 8 

Totals 
 5 
 15 
 20
 

b) Percentage table
 

Birth Month
H~eiqht 
TotalIs 

Jan-June July-Doc
 

Ta ll 
 ,0, ',O 
 c)n, 
Sfort 40'. 
 40. 
 40!
 

Totals 
 100t 
 100,100
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Height and birth 11oth are independent if' having inifornla tion about themonth of hirith does not assist us in predicting height (or vice versa). FromTable 3 .2(a) we know that 8 out of the 20 people,question or 40'(, are short. Theof' independence then comnes down to this: doeschange if' we this percentageknow something about the birth month of the individual.Table 3.2ib) shows it'e data converted to lercentages,ages total to 100,' wh ee tile percent­
each other and to 

along the columns. Note that the columns are identical tothe marginal cdlziin.
Januar' to 

For'ty percent of' pe)opic born inJ11ne are short,just as -l(Y'born in Julv to )ecemberand just as .0'( ol'all120 people are short, 
nmonth 

are short. In other words, knowing the birthof' the 2) individuals would not help us predict the'ir height (i.e..whether t hey ,weishort oi' tall).If we liid the original (at, we tolhd ntrult gaililt illwhichperson's height (as slort oi' fall) was w i iteli 
each 

hat. Then we could draw 
on a pieclle I'i)per 1d p)t i h)aout these )i(ces of' pa)er, 0e Italooking at them, and guess whether t'e person was shlrt of' tall. 

time without 
we wen%%t 'resumingwit l i .odd., each til'. we wo uld a] waYsgug tiltwould , were tll, and'iid (illbeing 6i'fit i thlef illt, miid wronlg .1I) of ill)(' tile.would mIiake thi., sall. p'irce ItIIago.() W1l ( . (.'\1iiw'v, wc')w' irt t()Ilthe pers)ll \% s hoili ill w le'leuJ iiallit)-hm pi'.\ .ii. I t i )('t''ll'.'l'is is.what Is
 

Onie veryv simnph' O IloIII. tin. IMII) l-i'r llifig WI i l io \,;I all, ~ (iitl i lllI i ,, th (fih (hIt(,.tti Ito'heIll h t h. t)Ial~ il 
11lit( l'Il
a nd+ I. fiI ll~% f, i () hI lt h l(l( 11 1tatvld Io'll 'iO' 

1,( 4.,Ill~1 wi t)((' f, tlit Il(l'. lltIltit ' 1tllh,I llll) > ltI-vlt.Im ti 1).t. t ' i-I ,,.l'h 


't Oit.), NI Ilt'l ilI 11,t'll11I \11111.)hh, 
 Il Illp L 1 1lw 'IllI tll 11)111I,n()14a ht I I 11h'0 hsu11 ti1114 Ii; X\()l )' iflti i t)I)0',t midintll) tht ~ ',l)r.\) l11I'-t)dII'' ( 1(' lch) t)hlv i)ll l it)hi)til)l()Illl]) u(ith' >t'. i i 'll't'I;1'-ll.4Ti'llI I,i . t Wl' alw rflllf [1:- 11)tilllila1(h\ mln
).,"
 
-Illim> 
 t I- . ')' , . ,I hedtilo)llh I,'lldclit


1 1 \lti hl, It l 
. !thl-t,

11) 

Iat~lOw)1;idl 
I'llnl tilt,' 

tlou )-.I ilitli I'll 

'2.2A .., iI,)It
"I'\\()
\ ; lhlic(-
+tl(.-"tI t,I 
w.+ - (, , i lit
+fI l ( If\I lll lit cll-lidenr((,l
W0h ;lt
 

) Illm(bI mbhh .l 
 hl :,),,t . (1;11ti I~ h,'J1-ht aml l ) ,)tth.O w n,'t MJ.' IllaI- m)'1 l +ll h 
i)ll t'i)


' llu 


i't'(+I 
110 \ ar'i~l(d . ille,i r ll 1 . , Ilhl ;(Iltlc+I­

' Th

Jl th 'lr( ilrh : 2 ll~h
I"r+x
I',,)_hhlvll
u'(t ('v , , ,o l ,b l lw, ' lilt,lIl illtr tI 

(.0 

I,;:difhe rrt<tl ,(1))'I;) , 2it
th a l ill(+If), )'',)t1, \k ill (lf 
.u + )L.. 

,i; ..,% llrT\ilwp i)(l k,(lll d tI',:I ,.- +)\'.Tilvuh :(:OhI, i , ifIll%,Pu)Id
N(- M ih+it h11,ii~ llw N 1I%',epkml\(d 1h111.))) v,Ilh th(wIlmfilth'.
ill Ilwl I l)I 1(1 ..k t ,,\\ hll\' Ik',11Ut h,11,) 
 l omi lil.%,\(\k,,lI til
g l(e+,tall)fill' 
h 

v%+t' )((;l l 
d 'mi( tiu )llm i nglltIml~ 

HSISIlII( I f'ollll I 

ta Iko, for, )ilthilt. )il(,till,.
w im w .. b( tlu.ill th , ((WIlle
Ilific's,'. (11n li(, + P A i ld111t klll,.+.lll \%]ithfothr .l.
md,it\\,,\%,,-.v.first
to)ldIlle birth fliolth of,tilt. 
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individual, we could do considerably better than this. If*we are told that tile
person is born between Jantary and June, thenperson is short. Since 80(, 

we would guess that tileof'these people are short, we would make mistakesonly 20/ of the time. Similarly, if we were told that tile month of birth was between July and December, our guess would be tall, and we would be wrongonly 26.71' 
of birth is a 

of the ti me. In other words, knowing something about the monthconsiderable help in predicting the height of the individuals in
Table :3.3.In such cases, the variables are not independent, but rather aresaid to be associated. 

Table :3.3:
A labc'.o/CountsIllustratingA sso('tition /Itlightandloith o/'Birth,[hr
tl.1Tpt/hetical Sample f/'coph, 

a) Tahle nf rnhintq 

Birth Month
 
Height Jan-June July-Dec 

Totais 

Tall 1 111 
Short 4 4 

8 

Totals 5 15 
20 

b) Percentane table
 

Birth Month
 
Height 
 Jan-June 
 July-Dec 
 Totals
 

Tall 
 20 
 73.3 

6,0
Short 
 80, 
 26.71 

40O
 

Totals 
 00 
 100 

100
 

Table :3..1, how,,x,,,. the, IsTiln, e :3,.1ileAn itrl ; Cat.addil l llmis smid to Ihetions t n shlttalis, /roytb ';Il"-I,111 d,-tlvlt
occur only 111sehected cells. 
ll rf, s tclenrll st. IIIII this calse, all hoys arf. t'lrolh,€ in the 
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program A and all girls in the program B. There are no boys in program B and 
no girls in program A, for reasons unknown. 

Table 3.4: 

A Table of Counts IllustratingPerfect Association Bet ween Type ofProgram 
an(f Se.x of[ the Indiuidual,/br a Hypothetical Sample of People 

a) Table of counts 

Program Type 

Sex Totals 
A B 

Male 10 0 10
 

Female 0 20 20 

Totals 10 20 30
 

b) Percentage table
 

Proqram Type 

Sex Totals
 
A B 

Male 1001 01 331
 

Female 0 100% 67%
 

Totals 1O0 1001, 100
 

III '[flb)i, :1.5- alnothrrz ilnli rtint aspi,'tdof' associationl I" (14n111on tl'alted' 
\Vhel the, vaLrhh-,, are hoth ordlinal if) f~lrln, wkvc;II pv,;&I ofthe, ,hrv1'h,lol 

lit tagd ,o w 

ings, we te I low of t'4,uca teil to %%tth It ,w 
of tle a.s iatioll (ComparuHing a I' Jth'erc ItI h, li.at L'tEtn­

s hat le'.el tio il attatoiltiilt e go 
I ,,.els of,v Ill i lg.. simlilarly high)h,-%,l oth-dua-mlt lial Ittallllll, t t1-Id logo 
with hig h h l , i - 16;2.511' of' thli .v v.ithl hlih o-duc'atio attiji­'lvvv a 

Itetit have high -art-fings. v,'hih, otly IN.7,; ot' tht.t tIII) low t(lctivonal 

attaitirtittt have high eirttings. Whi,,n low vuluv, ufittv ,arl:ihle generally 
go with low vale,, of Ol secuonId varialtle, ;It1 high val e- of tie first 
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generally go with high values of the second, the association is said to be in a

positive direction. When low values of one variable generally go with high
values of the second variable, the association is in the negative direction. 

Table 3.5: 
A Table of Counts Illustrating the Direction of'the Association Between


EducationalAttainmient and Earnings,fin-a Iypothetical SaInpe ol'People
 

a) Table of counts, showing low educational attainments generally occurring

with low earnings, and high educational attainments generally occurrinq

with high earnings.
 

Earnings 
Educational Attainment 

Totals 
Low High 

High 10 25 35 

Low 50 15 65 

Totals 60 40 100 

b) Percentage table 

Educational Attainment 
Earnings Totals 

Low Hiah 

Hiqh 16.7' 6?.E, 35. 

Low 113.31 37.5 (51 

Totals ion, 100, IOn0, 
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In sUmmairrry, then, there is a Very simple pr'ocedure for deternininir if twovariables are independent or associted, and for determining the direction of' 
the association if the variables are ordinal. All one needs to do is computepercentges in the liledtion of the indepenlden t varaile. Shown in lbleis the infornationAr the Botswana Brigades again, but this time also tabledby percentages. It is easy to see that age and experience are not indelendent,that in fact they are associated. Fu rthermore, we see that a yoLnlger age tens(Isto go with no ex perielice. 'I' is is sell by Col) pa ring across the collnins, alongthe row for "No Experience": 85.7'; of those 'younger thran 20 have had noprior work experience, while only (ia of thoste older tIan 20 have iiad no 

prior experience.
One final note should perhaps he so)unded. Note that association does notmean that there Is recessarily a causal relhtionrship between thre variables,although this is certainly le circtrlrist nlrce ,vialii r associiation.varial)es can '1\'oIe a.ssoaciatel, witlh liao causalitv illl(vel , it' there is a thirdvariable rlhtted tr each. If, br examrrpl,,a brosge affects }rtihIis ilcrarile(through sen irarit I nd his physical Strength, thll strength and incnole willbe rssociatted e'vel thot gh thrare is 1i10CaUtrsrl rT'chraisri ll)(arating ta laystrarng peaople differently fnlan wevaer 1woplh'. 

'fable :3.(;: 
A Parce' ntgac Prml l.d ' 01,' aa]I n'l A'g..e,a td a,1a1, c' 'ltr('a/Ia' r *SI flap/'e a 

Sttldv ll ' theas'a'ua, / Arda/.a" l)ita Ia,m 'u/a 3i.L 

Prior Work At l

Experience 


Totals
 
420 
 20+
 

Experience 
 143' 40, 291.1" 
No experience 
 85 .7,' (0,
C 
 70.1 

Totals 
 190(, 
 190,l 
 100, 

"22 I/ha' t III "ji.,.,, a' ,lau + ,,/al' !,.Ja h' ,!,.l/,.t 
, 

Ill ll t,:a l ial;r 1fa',a a(aa..I III ha( tiahdl ad aa', Illa ,\ ' a 1 a('0I-n lhel. "a'a'llra:, t% Idall ajha ti . areI-' aalarn tanlIIa t a i)' till'rraarrirll nlrlla'+lat' ti'nr Ita~aal\ t ' ha' ar rla an;aniaara al rlaltlar,'
stat i tr 

a arI ia Ira ('h .' (It.r 1, 
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tj The Chi-square number is useful for two reasons. First, it can be used to 

assess the likelihood of independence in a population when in fact the data
 

are only available for a sample. In the previous examples in thischapterwe
 
have implicitly assumed thatwe were dealing with populations, that the data

represented the information on all r~elevant units, When ti i th'e cas,or 

when the a'mlyst is only interested in results for the sample, the previou 

method of computing percentages is excellent for determining independence 

or lack of it. However, where sample data are being used to make inferences !>'j . 

about the entire population, things are more complicated. It may be, for
 
example, that a random sample of units has been drawn for analysis, but that
 

decisions will be made which pertain to the entire group of units fromwhich 

the sample was drawn, In such cases we want to have some assurance that
 

what seems to be true for the sample is also true for the entire population.
 

Unfortunately, there is no way to deal with this problem in any absolute
 

sense. It is not possible to say definitely that the results from the sample data
 1will aLo hold for the population data, We can only speak in terms of the 

likelihood of this occurring. If our sample data meet certain assumptions, to
 

be discussed shortly, then it Is possible to indicate the likelihood that we
 

could obtain certain results with a given sample when in fact the population
 
data would give much different results. Recall from Chapter 1 that this
 

a sample, there is a possibility that
problem arises because, when drawing 

the units sampled will not be representative of all the units in the population.
 

So, in short, the Chi.square statistic can serve as an aid for the planner when
 

dealing with sampled data.
 
Chi-square is also of help in computing other measures %hich will indicate
 

the strength an.association between the two variables. If our tests for
 
we would like toindependence indicate that two variables are associated, 

have some indication ofhow strongly associated, Is ita very mild association,
 

almost to the point of indicating independence, or is it In fact a moderate or
 

strong association? The Chi-square statistic cannot by itself be used to indi.
 

cate the strength of association, for reasons to be discussed shortly, but it can
 

be used inother formulas to compute Indicators of the strength of association.
 

In computing the Chi.square measure, a comparison is made between the
 

cell values expected i'the variables are independent and the actual cell
 
a­values observed. Tile comparisons for all ceils are added together to get 

single number called the Chi.square statistic, The calculation is done
 

in the following way; For each cell we calculate the following number:
 

(actual - expected)2/expected. Once the number has been calculated for each
 
all these numbers are added up to give the Chi-square statistic, The .cell, , 4 

entire formula for computing Chi.square Is thus: 

K 
Chi-square= N" (actual -expected)2 (3 1) 
Chi:s-quare expected 

,.4

where the sigma (i) indicates summation over the K cell. 

4 : :-: -. : : in the table. 4r +. ., .'-. 

Iow Is it possible to know what values to expect if the two variables are 
as thvtindependent? If we are given the marginal values in a table such 

...............................
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shown in Figure 3. I1t), whlt celi values vold make these varialles inde­
penlil lt? i'lis is easily answelred ifIwe ietulirn to tile ea rlier exaniple in 'I'a)le 
3.2 ia aimd (Ihi. 'lh(i' we saw that indepenlence occurred when the percent­
aged cell vatlles were ie(hnt ical across ally givein I'.whita t bhe with percent­
ages cmiptited so the'y .mtll] to 100'( ill the colutns. So it is possible to 
(leterulii tellI vllues t ildt aI atssumption of indepeideiice hv first ciioInput­
ing tilt !ivrlentIagcl figures foir tile Iargiials. as in Figure 3.l0o. We know 
thait i tIht . ;iriales an, to hie ii dlepientdenit, the nuniler in Cells nriiked I nld 
1)in ligiore :i. 1ll) illusl hI .1L0) of' their respective coltlaill totals. Simi]ily. 
the cels ttarke1 e'aCid(I slI.tibe (;0"( oftheir respective C011in1n total. SO if' 
tile two Variables are indepenident, the value ill cell a iiust be 40f; of"50, or 
20. 

It is I)OS.SIN Vtto)C0' 1)l(tte CC1,] \ilIhM'S 1111(th'l- the t) ll]lo 1o iV A-, ll(, t'.{L11)[0 litil, l 

1i0. iilch of te ithtr cills ill exactly tlile sale llttiilie. lr cell d. lir 
exainiplh, \I- would have I.6t(t)30 18. Note. however, that there is iI 'lastir 
Il('thod f. tilling'. ill th(, c(] vadues,ii shown il lFigure 3;Ill . Ilere, we imake 
use if ill. 1att that cell values mu1st aldd toigether to give the ;ipji'priate 
Illtigilliill Illhebo's, Su if we know that cll a is 20. with ililepeidtl ci, then 
c(ll I ltist hi cell a l / liiist d togethtr to give the12 hitucis, nd c(id 
Inarginail 0f21) Sititlilily, till i tiusIb hi nllld Cell (I nuiiSt lie ]IS. oivV)u.e 
cell va lli is iittilld for a12 2 ta le, it sp ssill tifill ina ll tli iest ol'tht, 
Cell villilss;itlllplv" hy using tf)-it1ll-giliIstlilld liesingle-cell vallue todite l­

ine utt th i(. thers lius, hIe. 

Fiu rc'3. I: 

(oliollo~l~ll o/ ( 'I'll 1 'II"s. /orl (1 7'(116, of/'('lllll,, Illlo'l" tho< A\ ssumpinl, of/11hlte Ill.( 

a) Marginal values
 

E n Educational Attainment
 
Earnings 
 - -Totals 

Low High
 

H igh a b 32 

Low c d 48 

Totals 50 30 
 80
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Figure 3.1: 

(onlinitll( 

b) Percentaqed marginal values
 

Educational Attainment
 
Earnings 
 Totals
 

Low High
 

High 
 a b 40%
 

Low c d 
 60%
 

Totals 100% 100% 
 10VO
 

c) Computatinn nf first cl! value
 

Educational Attainment
 
Earnings 

Low 

High .40(50)=20 

Low 

Totals 
 50 


d) Other cells filled in
 

Earninqs 


Hiqh 


Low 


Totals 


Educational 


Low 


20 


30 


50 


High 
Totals 

32 

48 

30 80 

Attainment 

High 
Totals 

12 

18 

32 

48 

30 80 
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It'the talbt' is hri'ger thal a 2 - 2, theli Irere than a single cell value isreiluired lreei the rest caln he easily (ternine . InI general, i'there re R 
rows and C ciluiiis, it will take (R-I )W -I )cell vnlues hefore the rest Can heaI tuulit icl Iydetermi ned. So iwe havaa table with 2 |'ws and :1columns a 
2 '-:1 talile, we woulcl neel o lilinlnuin 1 I(32-Ii 121 2 cell values 
hefioire the rest can he determeined. 

E.xeri'i.- ."ihiwnheliw isS1 a tahle l'irseine hypithetical data. Uom­
lAIte the Cell values unider the IssuIl)tiiin Of indel)VI(hence. 

Variable B 
Variable B 

Totals 

Low Medium High 

High in 

Low 

50
 

Totals 48 
 72 30 
 150
 

I)IIc( lit-te'xpecte~d cvll %-llkl, are computedl. it i.-at ille liltte~r to 
cah'lta, ('hi-Mtuuaie+ II lignie 2. we cNilitalted e .ected
tll values lii-a

tahl of* la rllin.s4;111 Edlurathiii l \ltlainilntn, uiehli thi i.uIll)tiinl of

ildiphlidei., lt 
 lt ipll r-( that the \luei that we i(ct ll* v lhoild with mul
data \vir, 2thie Inl'FitiIi WVe.Wisee that tht exlected \vIluecsiiid the
, \'alull'ttll; ,., ldlk'l(.t1t. I hentc the, \ar11iahlts i-, relprc, ented li lFigtu'v .2 
aMe di.Suilatld. lh> will al< he i caiiitted h.\ a (Ii-.iq;itr \alule which is 
pI sitl\v. as 1.h<\\w1in ]"gorl- :l.21cl. 

l"'Icni >,';".2. ( h e (ItI-- ft viltiifor tlicInitnin the Bluis­
%V%lll H: lg'I,+tl( dhh:1. 1.Iln'hl 


(Chi->lIllm ;Irltln(, 
 th1nl,( ),I lo./41- ilidiJvcl tvhIlh ltheretI,flem.l Jlldt­.
 
'
l~l~(I Hot onfo tl 
 r('hi.>.qtliln~,
I~I l(,le itl.vlft.cinni
)t be ll:.t +>,. e:-o thl 
1"I;h<- cl-. +11 %;'t\+(1 T l+,I,.II III,tl ll c II h..' hterj llq , [ - , Im Ct t fl.
 

no,lixcd h<oll)(1< tmtl (4 ('hI-q ,1l111,in1;n1 < m pd+, on Ilh,toltlNt l ,p~nlrtI
III(enI , t11l+'1mI nl; .,I, IWII < In,1111. .,11dl;II tl%(111lh1. tr h (<if Ior%, ;I+ lo 
tcolllllill h,II , h +lll. (it ffhi-. .(lU+oVCl' l Io.'II\ hC 1,t r'III.,+,( 'h1.1 

dh'>cTllw+d Ilithm. tme\I 
 l lllvch wn~ l III, [ll--('(11) l'(l l~ 'llil,igth (if 1h1 

http:rllin.s4
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I'iVure 3.2:
 
Computation ol[ C'i-.Squzre[i 
 Sume I1ypothelictl Data n Educational 

A taijitile/t ([/I(/ Earnings 

a) Actual data
 

Earnings 
 Educational Attainment
 
Low 
 High
 

High 
 10 
 22 
 32
 

Low 
 40 
 8 
 48
 

Totals 
 50 
 30 
 80
 

b) Expected data from Figure 3 I(d)
 

Educational Attainment
 
Earnings 
 Totals 

Low 
 High
 

High 
 20 
 12 
 32
 
Low 
 30 
 18 
 48
 

Totals 
 50 
 30 
 80
 

c) Computation of Chi-square 

Chi-souare .(j0-3o)2 + (8-18)2 
+ 110-20 2 (22-112
30 
 18 
 2+
 

3.33 + 5.56 + 5.00 + 8.33 

22.22
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Note, too, that care has been taken in the wording of the uses of'Chi-square. 
If we are using population data, there is no hesitation in interpreting Chi­
square, because all units are tabled. If Chi-square is not zero, the variables 
are associated. However, if the data are a sample drawn from some relevant 
population, it might be possible to draw a sample in such a way that the 
Chi-square value computed from the sampled data would be different than 

the value computed from the entire data set. For example, we might find a 
small positive Chi-square when in fact there was no association between the 
variables for the entire population. Determining whether or not a particular 
Chi-square value is sufficiently large for us to believe that an association 

exists is one of the concerns of inferential statistics. In such cases the analyst 

wishes to make inferences about the population from the sample data and is 

concerned about what degree of confidence to place in the sampled results. 

In some educationa' ,hc;ions, know], lge of the situation and an assess­

ment of the closeness of actual and expec: ed cell values may be sufficient to 

determine whether the variables are associated. However, the values in 

Table 3.7 can provide some guidance. If the saimple has bNell randromly 

selected and if/tih total N is large, a Chi-square value in excess of the tabled 

values can generally he considered large enough to conclude that there is 

association between the variables, even at the population level. What is 

meant by a "large total N" is open to some conjecture, hut a rule of thumb is 

sufficient: a sample is considered large for 2 x 2 tables when the expected 

values in each cell exceeds 10. For larger tables the expected values in each 

cell should exceed 5. If, in fict, tlie assumptions about the samlple are not met, 

particularly if the sample was no! randomly selected, then little coifidenc2 

can be placed in the Chi-square value. 

In 'lible :3.7, It stands for the number of rows, ( r tihe number of columns. 

'lo use the table, One must first com)put IR-1) iC-1), and then find the 

appropriate tabled value. For a 2 , 3 table (l-I) (Cl) 2, and we find that 

any Chi-square v'al ue offi or higher must he considered large. In such cases it 

is likely that cv 'n for the population the two variables in question are 

associated. 

E.Yrcis .3.-.: Assume that the data in Table 3.1 for the lotswana 

Brigades are for :i randomly drawn sample of all students in the 

Brigades. Is tb, value for (hi-square computed in Exercise :3.2 suffi­

ciently large sO tfit we could a ssu me with a fail' degree of confildence 

that age and prior work exj)(rience are associated for the entire 1)01)11­

lation of, lriga(e stments? 

It was said p)reviously that Ve could never be ine that the results for our 
sampled (hlat would also hold for the population (data. If we ue 'Fable 3.7 to 

determine whother or not we haw a large ('hi-square value, just how conlfi­

dent call V be tt iltl results. are not soine chance Occurrence m1(]quite 

lifferenit froni the populat ion results? ''o answer this question, assume that 

we hahIa popIulatiun for which we had cimplt(e information on two variables 
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Table 3.7: 

Chi-square Values Large Enough to Assune an Association, by Table Size 

Table Size Values Considered Large Enough
 
(R-1)(C-I)a to Assume Association
 

1 4.0
 

2 6.0
 

3 8.0
 

4 9.5
 

5 11.0
 

6 12.5
 

7 14.0
 

8 15.5
 

9 17.0
 

10 18.5
 

aR = number of rows; C number of columns. 

forall the units. Iinrtherassunit that for the population th, two variables are 

independent. We can randomly select a sanple of this poiulat ion, table the 

data, and coillpit a('i-slUate viuitie. If', wein fiact,repeated this experiment
 
nmay times, randomly drawing a sample i.:iil cotltipiting a ('hi-squiiate value,
 

the saiti)les would thirev he a (,hi-square,
we wouil find that in only 5';of 
value lrger thian those thown ti'laibe 3.7. Itfwe ini'ie a 2 . 2 tahle, for 

exaniple, where i1R-I ) ('-I ) 1,only 5"; of ourl ttinlphds would have a ('ii­

S(luar(,l vll'e huger tlil ,4.0,whell in fact tie ('hi-square fhOI the entire 
to"se'Fablepopulat ion was (1).In other wordl, Iti assnpt inoll'cv tonllY 

,pj 

valtte in iTable :1.7, will itkelit, ;tboitt tlit, population 
3.7 are met, and we comptela ('hi-sIulare value largl. than tinl l priate 

we Itie wrong ini'ete 

of the tit,. Albut 5 tites iott of' 1)01 w. will assitlit their isonly 5'4 
asociatiotn ieytwvent the variti.les wlvnIit) fact there is not 
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3.0 Measures o/'Association 
Several measures have been developed to assess the strength of the associ­atio-i between two variables. All the measures developed have restrictions totheir usefulness, and hence may be appropriate in some circumstances butnot in others. Four measures of general use will be discussed in this section,with an indication of the restrictions that apply to each. 

3.1 Cramer's V. 
The Cramer's V statistic is based directly on Chi-square. Recall that in theprevious section it was stated that Chi-square was not appropriate formeasuring tIle degree of association because it was not bounded, but ratherdepended on the total N and the numbher of rows a nd columns in tile table.Hence comparison of two Chi-square v'alues based on different total N's wouldnot he meaningful. Cramer's V alleviates this drawback in (hi-sqMae by
taking account of both N and the tadble size. The fo-rmaula for ('raller's V isgiven as: 

(raluer' ' V - o (hi-squtare 
- or" t'- I, whicltever is Sm, lle,..Cralner's V nll, a tlllnmIfronll oilfll
ot,(T W'l' t the Vali'ableS Mrt' indpe(l­dent, to a IMttxintutIt of I whenl the i,,This statistic, with hootttds of, Z 

perfect ;1.-scihttill as in Table 3.4. , nlassociatiot 
td ( e, gives a feeli'ng for the degree ofbetween the variable hbt not for tthedi reclionoftt,For orditldata we %wanlit association.to know ft ig'levels ofeorte va'ia ide tend togo withhigh or Itiw levels old' sicti' viltl 
 Thus (u'r,jier's V is tvpicallv tsedl for
tablles whtere the vartiabhle., an, tttjrttitl level. 

l;' . . 1t'se the, ('hi-sqItI.v v ,aluecotlltite 
d in Exercise :1.2 toCtttllptlt t '"ilitt'',\ fottI llotf.vawltn Brigadles datat. 

:3.2 )Yulv,,sQ 

Ift table s,2 2. a vei .,sitnple ileastzre l'associat ion called Yutle'sbe cotitled, 'Showl canlillV '-t, 1-:3 is a generalv~at e repuseltte d i 
2 2 table, whene the cell'o compute 'tlev's Q, the fidlowitg tornuttlais used, whr.e the sytt iwse given ill F.ure 31t . 

Yule's Q . !c ec ad( l_ (3.3) 
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Figure 3.3: 
An Illustration o/'the ComputationalFormula fir Yule's Q,, 

Variable X
 
Variable Y 
 Totals 

Low Hiqh 

High a b a + b 

Low c d c d 

Totals a + c b + d a+b+c+d 

aqule's Q - bc - ad
 
bEc+a ad
 

Values fIr Yule's Q range fromi 1.0, when there is perfect nlegativeassociationl, toi 1.0, when there is perfect pusiti 'sst ci ation. \Vh en Yule's

Q is zero, the variables are independent. Note, however, that both Tables

3.8(a) and III) would produce Q vallues of' 
 + 1.0. inidicat ing peTrtct associai­tion, even though the association inT'blhe :3.8(II is st rollt r thll thtt illeb) inthe sense that there ate no ofT-diagonalill(ernints it a(.()n , Ili(.e. i l tila ef' fllY "' s ( is that it di 's Itli(att' hf' 1fiit'tt zoi(tth ' aissociation. It t lallt'. l'' ,t 't 11) 'Iup its TIlh, :2.. %%ith ,% l1) i h .llt,­f t 

wth+'l~I i n 'o(w I of,' It ihl l '') l i')lndl, Sin liki' lll %hImll )l l t 'J:.A 

negat iv) Q v it i f cit t's t fiat low % itli s o eftu' fl til tva ,--t. I H 

thV il l l( .111wht 'it i \ vliIII' tl i
or lIm.>wth si g n. t i l l ~,,' t ih, ,t ' ttlv 4 , (IIl lw lnt, i Ii ( 11-4)11tl(hel l+Ii~~t+h Il l I ni'ull 1i 1t 1 he h lrtm . . 
andIh~ Ofh( . m\. Ull((I l l )11t,; re'+1; jI+,(. T1'" (I l l', lh,., c Iil 1- 111,111m.i~li 
to the, g m pllq~ it' i tchthl tlu,+ -~ offt'iil 'll ,' !. \%h i 11' to)11 h: lU -I,' m 11 %,aj
et end'l~J'lrm ol 10 1' to zi' l+hlighl+long hfll- ',lt ;txi- ;(fill f l )Itt~ m( l 1 t( q )
at<lng thel , 1 ncrtl'l ;1\." Sl: t (d;I di/1Ii , ()I ,1h1 : hl:mlll,tl l~ I Ih c w'Till 111,1uttc
thatl illhellv,:t fm l id Ilhe z m.~Yu ' u. ithl '- t(fl m ti , l r liflml~l loo;1 11-,' tl 

.a .I+"c+i()( 1 1 flow4,, Ii()I h l't.11lll4 I', lllt ,I' 

l~t't:,' 'IA. ('(111l i.~hYllh,'- (I I ll B+to wi ll Bgl . t(h h i til ill
T lvh,:i. 1, W hat ,h.,:. it li i(+ l)tv~llt xt,IIg1m : id l fll li'l' 1 thte 
rehil liolls<h 1 ip \%4.4,11+;igv a ld~ IlI not %orkHI'exp),'illnc , 
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Table 3.8: 

Examples o/'Per/i'dtAssociation, as Aea.,ured by a Value of Yules Q Equal to 

1 1.0, br lyhpothetical Data 

a) No off-diagonal elements
 

Variable X
 

Variable Y 
 Totals 

Low High 

Hliqh 0 40 40 

0 30Low 30 


40 70
Totals 30 


Yule's Q = (30)(1)-(O+.0 
(30)(40) + (0)(0)
 

b) One off-diagonal element
 

Variable X
 

Variable Y 
 Totals
 

Low hiqh 

Hlnh 0 40 40 

Low 30 10 40
 

30 50 FloTotals 


Yule's Q - (30)(40) -(0)(10)
 
Yule's.... 
 +1.0 

(30)(40) + (0)(10) 
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3.3 Gamma 

While Yul e's Q statistic is ony useful fr 2 x 2 tables, tile Gw,ma statisticcan be used for larger tables. III fIct, it can be shown that ior 2 x 2 tables,Ganima and Yule's Q are identical, so one niav consid,-r Gamnma is anextension of Q to tables larger than 2 x, 2. However, on must make theadclitionaf assunIIption that the variables are ordinal in nature. [o, purposesofi nterpretation of Ca mma , however, alny variabfle with onih t%,'o categoriesCan be colsitdre ordinairl . For exiilple, sex is not an ordinal viiriable. But itis possible and rInearringlul to Compute (,aroina io k~tfles where sex, ofanxyother two-category nonmi iral variable is preSe nt, heca1.e dri, tcctionialitv ill thiscase iliufi:iteS which gioLup terds to ha've till c'hhaicteristics represented hY
the second varialile in the table.

As alroady seen. by potl eses with orti'lal (fatit normial lv like thefirin, "theilirre oitI his. the 1i101i o hatf'.hitlylitot hesis'' the ot lrwia data was thatthe hhtler' the St lu(henls, the aunt, likelyv it wits tihat they would have workeXlerienct'. As with Yuls (), hti, sign of ',tinila will inidicitte directionalitv.The iM1lriturtlh of'(iltioia will indlicate till strt' .th of' the relationship. Ilnthis Section fIh' 'om liti atin (it' lillm will he (h'scrihod in lote dltail.l)tcatist it Is si il'wh tIiioir't t'tl ll it t',r'l) llhuh t t t th ' prvite iltrl ­sotllts of' rss(i' i t I in c+>.
 
Supff ts , bi' Sillplitily. tha: wt'tv 
 1rt lv i I lividhal,. a11Id l l wt git,these itdi id itil flh1ct ic., (.1 b. I,

\%tl'111\. , 
til I. i ll, ot. th I I ndiviltld;(ls

)+ 

tl am('chaeri t i > ' a ii~t h ,>X +tni Y.iln d 11.1 


. (, h e.lr (ill. 1\%+Iu'han'cterl .tics (11i,11 1 ii wilu k . C'all 
' cil' a t . '~ ti 'I ,t., l , H 

01'f%%OlW'hd r t,( 'citI'M llW, , I ,tim i high it i \ ,thittiIti. li l t;ti hclt d lrc 
ill till' cilitititll ii ln% i t. Ill ligure ' lti l 

u~ 'l l trl'~ IIiH h >cll llllit y t T i") lwh, h lt-l i'll t. , il-v l 
It(, tilltu ltili irw, l i-.l k1liP-,I ili li ;ill ll> .l l ,pail'. ,I1id)~, r,l l i. T hlwtp lncilAl Ilhe' I- , I !(tll imI~ll-. tIt ll initm lhial. ;mdl O w n~ttw 1lvillwl li ' n O wilil

I>.. ' ;ll'i[( l i(.l 1 t11 .* . 1.1111+ ii m Ili(11%ldll lil 1(.... I11,111 l i ; l t i ,i~i, l , Ill O uht 

i lttf1w -Sti i t,, ,I ,t I Ij lill,liS (ll ,.(. !'i ]? ;i Il. I' 
atilli,1 Il if t h it l i 11 cllr 1 i, , i . ItIiI'll , l! it l wll t. !) ' , I-l i; t ,I li

i lldI l . ,tihi tllilit pl I'i t ' t l i t l hl Till. Ni.'11 hi'rl (ilhl V ifI11 1lit l l V~ lill t,,1 l ll ! ilit Ill"t'I ll i ilt l~ ll ' l ' ",lllI 'I t' l ihr. i r'' I( l , l ' H! 
111i11h . ,f, '1/til,1 ',111,,till 
 lm tn )i l lli,!Ih,,d, 'I'll-rl' liW t illi ' %ll It(,-~lvi'il'lll,;i.-ii, i 1- u lit l :it 1% l i ld 1111,-.

il 11i111' 1h till,i, H~\ I ll - lf'li HI l i ll t 1 ) litE ;Ip li -t' ll ! l l. [ I 1 ', lid
+l'qll'ill I Il l "\,iml N w'. l k I, , , , ,lm I i ll l ll l 'l , il~ h \l' 

Il ''it ilt h \ , I I iitmliilda+ ,p i t'd il ill~\%t<l l~ 1,ldiillt ll t llkit h 

T hli.dM<l~~ lit I-l~trui ll i ili) lil il,, 11h:i0 W.. i it1(1 Idwlt i l + +ilil /,b ;iltv )mviw lnboth t'hl l I ll "11ll(li. X :111dl Y 11ih11t1k ,41,1I I , k I \ ;lld highl onl Y. \k.liih'ilid i ,ilhti;il 1/ i-. 11101. ,,it 1.,.lh \ 'llidl Yl iI~ 'll ': Idh , flt 'c ihi hl1. 1 lit',,ai'w 
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Figure3.4.
 

COputatiofl (1/thlE P iret(l
Coniparison F'Ori /br Gum ma 

Suppose we are given the following 2x2 contingency table (the letters
 

in the cells represent names for the items counted in those cells)
 

Variable Y 


High 


Low 


Totals 


b) Pairs and comparison
 

Pairs 


a,a 

a,b 

a,c 

a,d 

ba 

b,b 

b,c 

b,d 

c,a 

c,b 

c,c 

c,d 

d,a 

d,b 

d,c 

d,d 


Variable X
 

Low High
 

1(c) 1(d) 


2(ab) 0 

3 1 

Comparisons on:
 

x Y 

Same Same
 
Same Same
 
Same Less
 
Less Less
 
Same Same
 
Same Same
 
Same Less
 
Less Less
 
Same More 
Same More
 
Same Same
 
Less Same
 
More More
 
More More
 
More Same
 
Same Same
 

Totals
 

2
 

4 
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Figure 3.4: 

continiued 

c) Paired form
 

Variable X
 
Variable Y Totals
 

Less Same More
 

More 0 2 2 4
 

Same 1 6 1 8
 

Less 2 2 0 4
 

Totals 3 10 3 16
 

d)Calculations of Gamma
 

Gamma 	 = P-jP+Q
 

where P = numbier of pairs in whicri tne uruer uii une varidule is tie 
the order on the other, i.e., concordant pairsa
sawnas 


in whico tne order on one variable is theQ nunber of pairs 
the other, i.e., discordant pairsa
opposite of the order on 


Above, 	P = 2 + 2 = 4
 

0= O0 f0=O
 

Gaimma 4-0 1.0 
4+0
 

aIn calculating Garmia, ties (anythinq with a "Same" in it) is not counted. 

Otner measures of association treat ties differently. For a discussion,
 
see Hildebrand, t air; and QosenthAl (1077). 

.l 	 w l "i, , l 6hl l- '. t I I t. !i-hi (liii I iO + I. , , i T i .\-v I,i i 

,1h i Iif tit \ 1l th*". II o ll , t. ,' , '- ,, 'w 

Itf t t ir l 'ill, i1 t I Ohw!' - i l + ,I(I = I i j,-- .lb,t Il l* " \ Ili r Ilio nl 

lith/ .lll .i f+ ',, I~ ~t' * tr+ +i , 'ld ' ooo rP, . i 

fillO .t' I - .Ind~ '1 , I It d{l 	 l 

t d ,,, dr , \N11t, ~ i l tI 

lll ll ll l£; I , h I I+' lh ,l / m I \.l ItIII+ I ] v i ( - ,III) it 1>,i-. ; I, \ ' 

l-, +,li+ ' , ~ ltv-h \' It. t ,;t ,ti , ,.x,'Ih -;u. r oll lhd v t , a, 
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both low), but that individual chas a higher value on variable Y,Note that
the order of comparison is important, Here we are comparing ewith b,not the
other way around. In fact, there is a (b,c) comparison too, and one can see
froni the Figure 3,4(b) that it reads (same, less), just as it should, -

Once this listof comparisons has been completed it ispossible to construct a
3 X 3 table, as in Figure 3.4(c). The cell values for this table are obtained
directly from the list of comparisons in Figure 3,4(b). For example, there are
two comparisons on the list which read (less, less), these being for (a, d) and
(b, (d) There is one (less, same), for paired comparison (c, d); and soon until


all cells are filled,

Once this 3 x 3 table has been constructed, it is possible to calculate a
variety of statistics that measure 
 the degree of association, Differences
 

among the measures revolve around how they treat ties (ie., what they do
with the categories called same), One of thesimplest measures,fand oneoftenused, neglects ties altogether, This measu re Is called Gamma, and it is given

by the following equation:
 

P Q- (Gamma=(3,3) 

where P is the number of pairs for which there is agreement (i.e,, it is the

number of less, less or more, more pairs), while Q is the number of pairs for
 
which there Is disagreement (i.e., the number ofpairs for either more, less, or
less, more). For our simple example, we get a Gamma value of1,0 (see Figure3.4(d)). This is the maximum value that could be obtained. Values of Gamma
 
run from - 1.0 through 0 to 
 + 1.0, with maximum association at + 1.0 or
 
-
 1.0 (the sign merely indicating direction of the association), There is no

association at 0. 1 
While there is disagreement among statisticians about the way to treat


ties, and about the desirability of one measure over others, Gamma has some
nice features. First, itis limited, runningonly between - 1.0and + 1.0, and

is symmetrical about 0 in the degree of association, Secondly, it is fairly easy
to interpret, The interpretation goes something like this. If we discard allInstances in which ties occur (even on only one of the variables), then Gamma
is the probability of correctly predicting the order of a pair of cases on onevariable once the ordering on the other variable Is known. What does thismean? Go back to our example in Figure 3.4. where there were 16 pairs, Ofthese 16 pairs, there were 12 that had a tie in at least one variable( + 2 -+I + 2 + 6). Of the remaining 4 pairs, 2 were less, less) and 2 were

(maore, more), In other words, of the 4pairs upon which Gamma is to be based,we have none that are discordant such as (more, less) or (less, morel, So ifsomebody were to tell you that the order for a particular pair of individuals 
was less on variable Xiyou would guess that the order on variable Ywas al.oless ­ and you would always be right, since there were no (less, more) pairs.
That is why Gamma is 1.0 In this case; the probability of correctly guessingthe order on one variable given the order on the other Isunity. There are no
instances in which discordance appears, 

-2 .ea 

44 
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This example also points up one of the disadvarn..ges of using Gamma. We
have calculated a measure of association for pairs of observations, but it isbased upon only 4 out of the 16 possible pairs. It may be that we would be 
unwilling to eliminate that much information. The next section will discuss 
an jssociation measure which uses the same paired form observations as for
Gamma, but which treats ties in a diflerent manner. 

It is obvious that for anything but the smallest of tables, creating a list ofall possible pairs will be too time-consuming to bt, worthwhile. However, it is 
a fairly easy matter to calculate the necessary 3 ,:3 table of paired compari­
-sonsfor contingency tables of modest size. A step-by-step procedure is given
in Figure 3.5 for a hypothetical contingency table that is 2 3. The descrip­
tion of the steps itl *)lyto tables of any size and is general. In Figure 3.5b). the
simple example in Figure 3.A is reworked, this time using the general
equations, so that a comparison can be made to establish the identity of th,
two different procedures for obtaining the 3 - :1tlhle of' pairs. 

A S im hplfi c (I P r ore 1ur(./(,) (' om putirn g h ' Ic mpuari o( llForm 

a
a) The original table
 

Variable X 
Variable Y 
 Totals 

Low ,ed Iliqh 

Maoh n1 n? ri, 4 

Low n n n6 

Totals 1 ; N3 Ntotal 

The paired comparison for 

Variaide Y [Variable X Totals 
Less 1Ie 1ore 

oalr, 
r F, R5Less r 7 r t, r . R 

Total RlI R2 R3 RT 
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Figure3.5: 

continued 

c) Computation procedure for finding paired form cell values
 
2
 

RT 	= (NTotal)
 

R2 = 112+N22+ 2 N (square each of the column marginals and add) 
2 2R5 	 = N4 + N5 (square each of the row marginals and add) 

R = R3 = (R - R )/2T 	 2 
R 	 = R = (RT- R5) /2 

=r5 n Z+ n 2+ n 2+ n 2+ n 2+ n6 ) (square each of the cell valuesin the original table and add)
aThis example uses a 2x3 t--t-ab1e-b-tcan be extended to any size 

= 


r 4 = r6 = (R5 - r5)12
 

= 


r2 	 r8 = (R2 - r5)/2
 

r3 	 n3 (n4 + n5) + n2(r.)
 

For r3 : 
Start in the High-Hlih corner of the original table
 
(upper rinht-hand corner). 
 Multiply this number (n3 ) times
 
the values 
to the left and in all 
lower rows (n
4 + n5 in the
 
example). Move to 
the next most right-hand value in 
row 	I
 
(n2 ) and do the same. Here the only value to the left 
and 	ina lower row is 
n4. Continue in this manner across
 
the first 
row until the first column is reached and then
 
proceed to the second row, far riqht-hand columns. 
 Pro­

ceed 	across this row 	 in the same manner u,,ess it is the 
last 	row. When the last 
row is reached stop.
 

r,, r7 and r9 
can be filled in because the mFrginals are known and
 

enough cell values are known to allow these terms 
to
 

be calculated.
 

In these terms, Ganmia = r3 - r1
 
r 3 + r I 
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Figure3.5: 

continued 
d)	Example from Figure 3.4
 

Original form:
 

Variable X
 
Variable Y 
 Totals
 

Low High
 

High 1 1 2
 
Low 2 0 2
 

Totals 3 1 4
 

Paired formi
 

RT 
= 42 = 16
 

R2 = 32 12 = 10
 

R5 = 22 + 22 = 8
 

RI = R3 =(16 - 10)12 = 3
 

R4 = R6 = (16 - 8)/2 = 4
 

12+ 


r = (10-6) /2 = 2
 

r5 12 + 22 + 02 = 6
 

r 4 = (8-6) /2 =
 

r3 = 1(2) = 2
 

At this point we have:
 

Variable X
 
Variable f 
 Totals
 

Less Same More
 

More 2 2 
 4
 

Same 1 1 
 8
 

Less 2 4
 

Totals 3 10 3 16
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Figure 3.5: continued 
From this we see that rI = 0, r7 = 2, and r9 = 0. 

This table can be compared to the paired table in Figure 3.4(c)
 
to see that it is identical.
 

Exercise 3.6: Table 3.9 shows the plans of students in the last year ofsecondary school for attending university or vocational schooling. The
students have been classified according to whether they reside in nrral 
or urban areas. In part (b) of Table 3.9, the paired-form contingency
table has been constructed. Use the formulas provided in Figure 3.5 to
verify the cell values in the paired form shown in Table 3.9. Compute
Gamma and comment on the strength and the direction of the rela­
tionship between residence and schooling plans. Assume that te data 
in Table 3.9 are for a total )opulation of interest. 

Table 3.9. 
Plans /or FurtherSch oolintg (imniog I'ribn a ural Srcondar v School
 

Studenls, /w tyilth ctial Data
 

a) Table of counts 

Res dence
 

Srhool Plans 
 Totals
 
Urban Rural
 

Plan 
to 107 2PC 235q

attend university
 

Plan to 
 284 61 
 345

attend voca­
tional school
 

Do not plan 574 75 r4q

to attend any

school 

Totals 
 2930 422 
 3352
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b) Paired comparison form (See Figures 3.4 and 3.5 tor an explanation of terms) 

Residence
School PlaFes 

Totals
 

Less Same More
 

More 303,092 1,984,263 280,402 
 2,567,757
 
Same 652,966 4,794,45P 
 652,966 6,100,390
 
Less 280,402 1,984,263 
 303,092 2,567,757
 

LTotals 1,236,460 8,762,984 
1,236,460 11,235,904 

3.4 Sonor's D
 

If we can ide ontif
tie of tht twt variahls in a table asvariable, then the indepenldentit is possible to Collipute . llt'astre of association, calledSomers D,which uses iuore of the infoirmation in the paired forn, table thandoes Gamma. Recall that all ti.s on either variable were excluded front thecomputation for Gamom. But with Sonitr's I) all those cases fr"which thetreare ties on the dependett vatnable but no lt on the ideplindlrit variablh arealso include(. The ali. en' of ties on the iniientlnt vari t lh is nft',.. ary it'meaningfiul intcrpr~etation is to littnadt, as explalined below.The formulat foi " lor, I) is given tlow, wbere I' and Q at' defined aspreviously, and whore 'Tis all pairs which are (Iiffrr1t ...i teil,
indlependent
variable but lt'., tied on the de pendl(hnt variail,. 

Sott'i If I' ti
 

This is uzivt..jie ,t meaningtful if we toFtt siitlilt' t'xanphe in I"igureltturn3.A. As;sune inl this figure that varial e X is the inildt'lnephnl variable. IniFigure 3 ..
c) we see that the-re are twi, pairs which are tied o lthe de'pendentvariable Y, h4i tlot on t'l( tilindt'nt vttriahitX (the t the ont, pai. ftot.
less, same, and it' pair for niort', sam il.Tihtus Soler' I) for situ tie 
exaiiple is: 

iotllit'l"s I) 1 67 

low are,we to intrirtprt Somer' I)' liKatllv. it has tit', samie kinl ofilnterpretatioll ( allitlli, itt ont' ]tilist rt,'illas that for 1(;on1-'*s 1)we haveexplicitly mhade one if the twoi variitbh.s tlW indepecndent variable. We arethus interested inl tl­,,prediction ofithe dependent variable hy the indepen­
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dent variable, and have explicitly identified which variable is which. For theof predicting the order of a pair of cases on tile dependent variable, once 

Simple example above, Somliers D is.67, indicating that this is the probability
ordering ofthe independent variable is known. For example, ifsoneone tells 

theyou that the order for a particularpair wasodds and predict that the order on 
less on X, you would go with theY was also; less. And you would be rightpair. 

67% of the time, since there are two (less, less) pairs and only one dess, sameusnonyoedssaeAs with Gamma, Somer'sil runs fi'om -tion, through 0.0 for no association, to 
1.0 for a perfect negative associar.Note, too, that Somer,; I) is 

+ 1.0fora perfct positire associat ion.ways less than Gamma, because the rmerator 
in the formula is the same, but the denominator is always larger for Sonter's 
D than for Gamma.Because Somer's I) utilize s ruorepaired-form table, it is generally the more suitabl( indicator of the strength 
of an association 

inforum tion from the 
whernever it canindependent and be stated which of lh(,
'hiich is dependt. two variables isNote, too, that itDwfor the ..,se when X coiltut, Somers 1)is the in dtpeldent variale and Y is tlhe dependent

variables was rever'se 

variable, it would differ froni the ,Sober's I),omlirt(,l
d when thel- role ofthetlhal is. where' Y was tin. indeptolntit varial,X the dependent variable. antd 

,,L7:
Erer,isl l ' vi ('nily Re sid enc e(a .4ihl, in d ep e~ hl'l'a1)h, \'ar4bh,el.9, where l e'side ,c,
ard Schooling ltSonmer's bril) tabl(e is 
hts arc shown, vt,'ifv that).08, Initerprt hi, tiling. 

4-0 
 7The Nourc, " <i'sc.ali,
( o.ll
 
In Pr'Vious sert ions ihe directiot of . an association bet wetva riab ordinal levelof lths Was iscu s.emore 
 i nl in dO 'r n i ir iymnore of thisi. 

ore,ofthat" que'stills.. Forex'amphe. w'h' it 1a l't' i"tiit'stttn I. wv,Ilight indIthalj;J,\%~eart, asking 'ntedllC"rtioli il iItltini ,lllnt
rises, >,, tIoassess i dt t'iliigsthie' strt'ngtl 
h of'th ioort,. ieml.t asotr1'Ilatioshl) tiii oilutt tt siillt~inil,llnsi i. tht a~t sh'a iiii.ll

,cas' Ihat ith r isMot ;I eady.or 1111161iiliiIllttailt' tii totl 11ii ,ltlho second varialilih %;ilt\ of'ollema'tllo, t'(i llho low ;I,to high,For exaliplo, lt,t tilbeglin it IoVt r\ , ilt 
lllia b I,qrt, 'li Ifit'iVrtfirst anl iltOlIlto fill[ e'vel of 

i.Ill pi t ;ioldtholl

ThIis pIattthritchiigolow toihig~hv \ Jihlt,.s it) (uI(u . 1,r'ftrrod 11);1. thllif,i> ht' '''i VinrliltIile vor lio/r oImf gut...,triatiUIIN'" 
 Itssevel v/ll</iTere aretsinlilt t hilgsthit a h r(jli tio s, lharid Ill lrtSt. i0ii a liti,.l O it ;1rtO st('ltilt,;cti t tinlc is If e'.pl r, IdWit i tst tod i.sl, 

'1.IPo'l'critogt'd 7ahios 
Shown in Thble :3.1() are soleheads dat'tt'Itinshit.ds itasalipleilo El Salvadr ot' ecolotlitalatFor our Present pu rposes we will treat 

http:tt'Itinshit.ds


93 Tablesof Counts 

this sample as if it were population data, and not worry about inferences fromthe sample to the population. The percentaged table, shown in Table 3.10(b, 
can be used to get a visual impression of the nature ofan association. Lookingalong any given row (i.e., a category of the dependent variable), identify thelargest percentage by underlining or circling the figure. Follow this proce­dure for all rows in the table. If two or more percentages are nearly the same,mark both of them. The resulting pattern of marked percentages gives afeeling for how the variables are associated. Table 3.10(b) shows that theassociation between age and earnings does not increase steadily with age.Instead, we see a rise in earnings through the 35-54 age category, but arather sharp drop after that time. 

Table 3.10: 
Ageand Earnings fora Sample ofEconom icall' ActivEuilcds of 'Households, 

El Salador: 1975 
a)Table of counts
 

Age

Earnings 
 15-24 
 25-34 
 35-54 
 55* 
 Totals
 

High 15 
 100 195 £8 
 378
 
Medium 
 121 462 
 728 271 
 158,2
 
Low 
 187 452 
 1015 
 511 2165
 

Totals 
 323 1014 l13, 
 150 4125 

b)Percentage table
 

Earnings Age
 
15-24 25-34 
 35-54 55+ 
 Totals
 

High 4.6 9.9 10.0 P.0 
 9.2
 
Medium 
 37.5 45.5 
 37.F 31.9 
 V.3
 

Low 
 57.9 44.6 52.4 
 8.1.
 

Totals 100.0 
 100.0 1o0.nlnn.n Ino.8
 

Source: 
 Center for Studies in Education and Development, "An Assessment
of the Relevance of Education inEl 
Salvador," 
 )Ha-vard University,
1977 
, unpublished documentation.
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4.2 Prediction Analysis 

Constructing percentage tables is a conveninnt and simple method of 
learning something about the nature of the association between two 
variables. However, if one wants to explore a little farther, there is another 
technique which may be of help, called prediction analysis. This technique 
permits the comparison of several predictions about tabled data. As the name 
implies, certain predictions, or hypotheses, about the data must be stated 
explicitly. With the age and earnings data in Table 3.10, for example, we 
could make several predictio;is. 

Shown in Table 3.11 are two predictions that have some appeal. The first is 
a generally linear hypothesis, where the prediction asserts that young people 
will have low earnings; those 25 to 54 years will have moderate earnings; and 
people older than 55 years will have high earnings. The second prediction 
proposes an inverted U-shaped relationship between age and earnings: 
young people are again expected to earn little, while those in the prime 
working ages are expected to have high eam rigs, and the more elderly are 
expected to have low earnings. 

,'Ihlle 3.111: 

Two Pr(dictions About the'Nfature ol'th, l/thttionshp Bforttrn Ag and 
Earnings, 1br th Dta in ThhlA 3.10 

a) Prediction 1: Larninas Qenerallv increa-c with age
 

Ane 

Earninns 
15-2 ?5;-34 35-A4 Y+ 

Hiqh x 

ted X 

Low 

h) Prediction ?: Inverted -shaped relationship 

Flrn inr 

High Y 

!,led 

Low X X
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These two predictions are obviously asserting very different things about

the nature of the association between age and earnings. If we had a way to
 
assess which of the predictions was better, we would also be learning some­
thing about the nature of the association between the variables. 

In fact, it is possible to determine the quality of the predict'qns, but it is
 
necessary to have some comparison model against which to judge each one.
 
The comparison model used is the independence model described when dis­
cussing the Chi-square statistic. Basically, each prediction is judged on how
 
well it predicts the actual cell values as compared to how well the model of

independence predicts the cell values.
 

We can evaluate how good our prediction is in terms of the prediction
 
success 
called Delta, and thc precision Isimply called U. lormulas for each
 
exist and are given as:
 

Delta piediction success - I (observed 'rrors'expectederrlors, 13.5
 
U =-precision -expected erroi rate expected errors total N 1:3.6)
 
The higher tie prediction succ'ss and the higher th',precision, the. better
 

the prediction. Values for the prediction success, 
Delta. can ranlge from a
maximum of'one to negative numbers, but Zero is pr'ttv low, The low'r the
 
number, tie worse the prediction. lfie precision can raligi'ofro0 Zero to one,

with high values indicati g a difficult prediction aml lower Va ti.' indicat ing

ineasier prediction. One pr'diction is said to dolmuti,' anlother it'
it has a
 
higher prediction sUcctss and has at least as high a precision. 'This allows one
 
to rank-order predictions irathierarhV,which Inal 
s,us'fil firdistiogluish.

ing the relative nerits of various pr'diction.,.
 

Shown in l"igure 3.6 are the cells 
 ncircled, wtlire prediction I illTah.
3.11 is wrong. These are the erro.r cells for this pre.dictiol. A'o shown In the 
figure are the actual cell d inl 41111' froiii '[able%allies foii dtta, is reproduced
3.10, plus the cell values expecteid i ndier idiiiiderici.e hcadl timt t'ach of 
these expeted cell values is conlputt'(d as the prioluct oftht' apl-liopriat row
and columin nIarginals divided ly tfii, total N. With the mililr in lFigure3.6, it is possi}h to colliplte the prediction ,tCCt'SS:;111 the prcisioll ofour. 
prediction. This is also shown in ll'igiur' t. whir'o we i.''S fahtt 11 pre'dictlill 
success is positive hut small. 012.1. (n the iith'r hand, the pr'lcion. l .fiairlyN high. F~or prediction 2 w,,find thimt Iliv pr'odictioll :lc'tv's is0I0)33 old 

that tie prcisioin i.;Il.79, indicit ir! ; it tei. th:i thliii-oliiwhiat o'fdit'fllrl 
first. Since I r'diction 2 hi:o loth Ia fipizf,'r irilitctloln su'i',-1 and ;I hiiglg l 
precision, it is sai id t'ioii iit'll let lctl lll" o,&d . thle li e till'I . ii1 ' r f1l' 
association kfi'we'i ig'v AiMii foiiir. (III- tifiI'i ifaui,1, n1or1 Owliinverted t.'--;h~ilw OhmorotIShner 

l'].ri'i.e',LS: I'i lit (t', ti' the for 
licdictio 2e ;ilT l e :.1 1.The inlorlwitirl Il Figure 3.0 will be of 

;i'idit lollIlii'''s illid prt'cisioni 

help ill Ilh,,secollpuitatiorls. 
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Figure3.6:
 
Computation ofPredictionSuccess and Precisionfor Prediction1 in
Table 3.11, Showing Age and EarningsAmong EconomicallyActive
 

Heads of Households in El Salvador
 

a) Table of observed values, with error cells for vrediction 1 in Table 3.11
rircled.
 

Earnings 

15-24 Age
25-34 
 35-54 ttal s
55+
 

High 15 68 378
 
Med 
 46? 
 728 
 1582
 
Low 187 

2165 

Totals 
 323 1014 
 1938 
 850 
 4125
 

b) Table of expected Prrnrs
 

Earninrls 

Age 
 T t l
15-24 
 ?5-34 35-54 
 554
 

IliQh 
 30 q3 1/8 78 378 
Mod 124 300 743 326 1582 
Low 
 170 
 532 1011 446 
 ?165
 

Totals 
 321 1014 
 1938 
 050 
 4125
 

C) Computation of prodiction 
 tuccrss (V) and precision (U) 

V 1-5121 #10 0 45[+ 195 #1015+271 #511 

268n
 

0.024
 
?146 0.67
 

U 4T-25 
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Shown in Figure 3.7 is a summary ofa number of predictions for the data onage and earnings that we have been consideiing. Prediction success andprecision are indicated in the figure, as is a visual representation of thepattern of association indicated by a particular prediction. Note that none ofthe predictions has very good success; the highest Delta is just 0.060, forprediction 3. Prediction 4, with a prediction success nearly equal to that ofprediction 3, but a considerably higher precision, is probably the best uredic­tion of the group. It indicates that earnings rise with age, until the over-55 
age group, who have low earnings.

Note that our previous predictions, 1 and 2, are represented in Figure 3.7,but that each is 'urpassed in some respect hy others of the predict ions. Whileprediction 4,our best prediction, (foes nrt dominate prediction 2,(becauseprediction 2 has a higher precision thani pr jiction 411,the prediction suCceIssis sufficiently higher for prediction .1 that we would likely trade offsomeprecision for the added success in plrediction. l'nf)rt uinatelh, Olore is nounifornd ngreed upon method fbr selecting one best pre(dict in when a si nghe
prediction does not d(ilinate a others. 

Fig4o ri 3.7.
A .Sutnma o/ ,.'g'tiwtrv 

0 'r't/ Pr, (10tt0r1. ( ' io'ortn n(4' /t/1 .\'o att'r,/'ti 'I[unU ,tll)etl1'een'AAeo~inErngLsA ,0unl,' I'],mnoh..\/tv ,,I/ho/s ,/ll,,t',,,,hl/.. 

in El ,(thmlir.ais ' ii m',,Tubh'3 1( 

Prediction 
 Prediction cuccess Prcciinr Pattprr 

2 
 0.033 
 '.
 

5 n. fl.?8­

1 0.024 / 
, n.r~l',n ,.,
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5.0 Summary 
This chapter has introduced a variety of techniques for obtaining information from tables ofcounts. Initially we were interested in determining ifthert.was indeed a relationship between two variables. Secondly, we wanted todetermine the strength of the associatio:, and if the variables were ordinal,

its direction. Thirdly, we wanted to explore the nature of the relationship.
In the process of addressing these questions, we saw how percentaged

tables can be used to assess both independence between variables and to get afeeling for the nature of the relationshiip between variables. The Clhi-squaremeasure of'independence was discussed, and its application with sample dataindicated. Several measures of association were (lescribed, including

Cramer's V, which 
uses (hi-square; Vile's Q for 2 . 2 tables: Gamma forordinal variables, where a pai red comparison form is compited; aid Somer's

D, which is similar to Glamma 
but treats tile ties in the paired colparisonform differentlv. Prediction analvsis was also iltroduced as at techniqute thatcan be used to providhe inlkl','roatioll on t he tnattire ot t le ts1otiatiOll bet ,elhtn
 
variables.
WithIout e.xplicitIYly nti~onin it, tli c~mpit-r +al.o1)1.o% ided thet firs1inic­
atioll of,"a flairly gellertal] appr llt' it ll t a ml,\Si., tim! ' cftomparinglll the 
actual data with someit lt .j lidi tliitilt Jzd l, l'lt.xlllilh,inrdup.enenncet'a. we ti- d tl~t Jll iil ofa hy pot ht'>ized nodelt'l ll com p~lttl"(, .qt:r, L a k fo>.tr
Comutru ing expe'cted e'rrol. toir tle pre+dictioll a l,.k i-, ttcchniqtue. ''Hlu,lil tho~d (,'+-itll l a l+(l' - 14)ptnod t.e it t t++I)1-c.tvd v~idues, Ind tlw n+t'ollll -g'l thlet'Xlpvcte+d '.+h swith ll011. ttul viltwv> to) -cv ho %'ch*lo ', Itv.y rt' llpm- ' is it 
proct-dti t t l;t ,v wIill find i llH it- f I( t Iw 1 t .1. 

6.0 T"rm., 1W le, I wli 

con(('t ig lluY 

total N 

r l l II - . i+'A ,I itl~;1oh.lll+I, (tilliill111t i I - l 

IJl:>it't-ll I-ri I ,litE - ttiihir ind~ep~endence 

'tiuh- tp
0 -11114­

(S;lIlllwl
 
,s(llic'- [ )
 

r lilll f . < l t,(i ' l l ll 
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prediction precision 
prediction dominance 
error cells in prediction analysis 

7.0 PracticeExercises 
1. Shown in Table 3.12 are data or. enrollment trends and school districtsize, for all 436 school districts in the North Central region. Construct anappropriate percentaged table to indicate whether district size and enroll­ment trend are associated. Use this table to roughly indicate the nature anddirection of the association between the two variables. 

''lable 8.12 
A Table ofCountsShoningDistrictSiz,,,tdEnirlmonItTrends firtheNorth 

Central )tatz Set 

Distrlct Size
 

Enrollment Trend 

Totals
 

0-299 300-799 800-1799 1800+
 

Fast growth 2 11 19 ?7 5q 
Slow sirowth 3 6 14 10 33 
Stable 15 t0 49 36 165 
Slow decline 6 34 24 12 76 
fast decline 23 50 17 13 103 

Totdls 49 166 121 9f, 4-(
 

2. Sluppsse that iristv.ld oit il lIplioiustn latai jiutil ii thtlTil 12, t liaa.1sts hbd drawn iriiI(lII ample fIl()'" (list rict.. s -h i tahh,, fiiischool size and teiriffisent treiid, is found it) 'lt . :1.3, (Ciiipnt. ;I ('II­
sutuart, valle [Or this tlbli, i.Are i t i variabhfe.. i. lpv ltr-eidit )il ilbs , 

va;+irial es if' ii hald to ilv thlit, sail- ] ilat , too niiike lil r' i,-s ,:; sissit th 
e -nti, iipulation sit Icho l diistri(ts ill Nirth (Colntrn]l'.'

:3. Lsing the Iriiii ;ir lvidld ill tit chal)tvl-r (onstruiict thet pl-d tornm
Contingen:cv tleh fis IlIt data found in qul'stion I (ompute blint ( ( 11n1n1s indSomer's I). (Coltillienlillt direct tion1i ainddt str'ength sfi;lass('iilioi betw(,en
diutrict size and einrulljriiit tlrlii(i. 

http:iristv.ld
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Table 3.13: 

A Table ofCountsShowingDistrict Sizeand En rolln2nt Trends,fora Sample 
of School Districts in the North CentralData Set 

Sample Size
 

Enrollment Trend 
 Totals
 
0-299 300-799 	 800-1799 1800+
 

Growth 
 2 1 8 7 18
 

Stable 
 3 13 8 5 29
 

Decline 5 32 13 
 3 53
 

Totals 
 10 46 	 29 15 iOn
 

-1.Use predliction a ialysis to explore in moe detal the nature of the 
association betwveldistrict size and eit)llient trvIA, usinug the dat I i 
questi(o 1.Ilpart iclar, crulpare the following three predict oils: 

Size 	 I'retlitiol1 II rl,ho'to 2 I',' /lt1u 3 

0-299 	 fast deli It' de'i llfirst stale. iw [thtedlin 

301)-799. fl'atdecline <low tv im 	 llt.tdechtl~t,
 

800-1799 ]-owctlint 	 stable, hi.t lhtclne 
.ltt\w growvth 

1800. 	 fast growthI, fst growth tt, I.,w tlcltit 
.Iw grtwt h, 

]o'dl' :V' tht ll'tV'+'l OI'Vil t H lt'tC'om pu[tet ill lt' it lt(]I 011 It h oft0101 tW )(111 .1)01,> 
,all%.ft, t n. iprdoctiI ns dotril tutv Iltmothe)(r>.'.(', iit-lit or) Ille tlttill-vt

tif)t, dlstr'li't Jolintll'rvildass,,ciatior. lbt%%vvl sile and fill- (,r, 
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CHAPTER 4 

Tables of Central Tendency 
Gary Lewis 

1.0 	 What's Ahead? 
In Chapter 2 the problem of comparing measures of central tendency wasdiscussed. In one of the examples, comparison of pupil-teacher ratios wasmade for various countries, grouped by the level of GNP in tle country. Weused techniques like tile stem-and-leafdiagram to find median pupil-teacherratios, and box plots to make the comparisons

the present chapter we 	
across groups of countries. Inwill again be interested in comparing measurescentral tendencies, but in situations where the measures of central tendency

of 

can be tabled.Shown in Table 4.1 are average earnings in tle Unitedclassified 	 States, cross­by two variables, educational attainment and age. We see, forexam1pl e, that the average earnings in 1976, for peop)le 25 to 3,1 years ol witha secondary school education, was $8,283. BY scanning the table it is fiairlyeasy to see the most important features:
 

- Individuals with 
higher levels of' educaton earn, on average,more than those with fewer vars (feducatio. This is evidnt hvscanning down columins.
 
- Older individuals earn. 
ona verage, Illore thin vO urg(r people,although there is a reversal of this trend after age 55. 

Taille -1.1:
Average Earnigs,ty It(,atO)n, Ata
byd.dg mint 1 , Thr Those Employed,
16 Years and Ohlr:l nited Statfs. 1976 "
 

AtEducationalta 1(-. 7531T I,,;4

nnt ta .
 

,1,! ' "97. 
 5,,
 

University 
 '' In,, 1(14( 1744 1,e , 75, 
Secondary 
 321131'2 933, Vn 14 ')70Q 4115naeentary 	 n

t7 : 7 . ? i3¢' 

Source: 
 U.S. Bureau of the Census, Current Poeulatio-. Reports, Serie
P-60, 'lo. 114, !oney Income in 197 o.the United States," 4 Ta - an-d-Persors in1ashinaton, 
 .C.: I'.S.Government PrintingOffice, 19781
, Table 43.
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These are important observations, and ones that can be readily madewithout any extra effort. For some purposes this may be sufficient. However,it is possible to do some simple analysis with these datf Lhat will extractadditional information from the table. One such technique is called two-wayanalysis,because the measures ofcentral tendency are cross-classified by twoindependent variables. In Table 4.1 the independent variables are, of course,age and educational attainment. The dependent variable is earnings.The material in this chapter will describe how to analyze two-way tables ofcentral tendency, so as to obtain more information than is possible by simplylooking at the table. In the process of describing techniques and procedures oftwo-way analyses, we will: 

a. Further develop the basic strategy of summarization and expo­sure that was begun in the previous chapter. Recall that with tablesof counts we calculated expected cell values under the assumption(or riodel) of independence. When computing expected valueswere attempting to sutmmawize, important we
features in the table.These expected values were then compared to the actual cell valuesto determine if they were close. The difference between the expectedand actual cell values was then tised to indicate the likelihood thatthe variables were independent or associated. By colPa.ing ex­pected and actual values, we cxpow(,d or tested the'goodness of,it of,our model to the data, sotas to indicate whether the model and itsSI lications seenied reasonable.Inthe present chapter we will use a siniilar strategy tosui lilola rizethe cell %'aluesin tables st:ch as Table ,1.1,although with a modeldifferent from that used ir, the last chapter. These summaries, orcalculated cell values, will lie compared to the actual cell values toindicate goodness of fit between the niodel we proposed and theactual data.b. Identify in at step-by-step approach tiltnecessar ' various proceduresto i I nitodel to tile diata, and to Compute a mealsure ofgoodness of fit.c. Inlicate how t cor lparison of expected cellactual cell val1tes v'ahles itndt thecam help in re;tssessing the mnodel fitted to tiledata. This can be used to deci(e what other model miight better fitthed. data.Use examples that stress inrtepretation, so that the utility oftwo-way analyses is clear.e.And, final v, we will use the techniquesfurther exilore iie il ttis cloter toe .lltinshibtweep fltct tI , ptrol tsand tie cost ofeducitiin in North Central. 

2.0 Tic ,'Add-t1 Fit 

2,A The Ge'cral lIca 

As with the Chi-square techniques of the previous chapter,the analysis oftables of ieans or imedians uses t prediction and comparison strategy, First,the cell valies are predhicted using a model, or hypothesis, describing bow thevariables are related. Secondly, the predicted values are compared to tile 
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actual values to determine how well our hypothesis has succeeded in fitting
the data. If the fit is close, we then assume that the hypothesis tells us 
something of importance about the data. 

With Chi-square, our basic hypothesis was that the two variables in the 
table were independent. This permitted simple calculations of' expected cell 
values. With two-way analysis, the basic model is called the simple additive 
fit.Stated as a hypothesis, when we predict cell values with an additive fit, we 
are assuming two things: 

- that the dependent variable (i.e., the tabled values of central 
tendency) varies as a result of both the independent variables in 
the tables; 

- and, furthermore, that the effects of' one independent variable 
may be added to the effects of the second independent variable to 
help predict thbdependent variable. 

Shown in Table 4.2 are some hypothetical figures biraverage-per-pupil 
school expenditures, by region and year. We see, for example, that in 1970,
schools in rural regions had average expenses per pupil of $50, compared to 
average expenses in 1960 of $30. The $20 differential between years also 
holds for schools in urban areas, but we see that the averages in both years 
are higher for urban schools than for rural schools. Inboth I9C0 and in 1970, 
average expenses for urban schools were $31 higher than for rural sehools. 

Table -1.2: 

Aerage-Pei-PupilSchool Expenditures,lr a l17 twhltical Sampl of 
Districts,by Region of'the ('ountry anl 'ear, 

Year 
Region 

1960 1970 

Rural 30 50
 

Urban 60 
 80
 

One reasonable hypothesis about these data, then, is that average ex­
penses in 1970 are about $20 higher than in 1960, and that expenses in urban 
areas are about $30 higher than in rural areas. This hypothesis can be more 
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formally stated in the following manrar: 

Predicted average expenses =
 common value + year effect + region effect (4.1)The common value is a number that is typical ofall the numbers in the table.In Table4.2, we have numbers of 30,50, 60, and 70. The median of these in 55,and could be considered to be a value typical of the four tabled values. Wecould then choose - 10 (for 1960) andand - 15 (for rural) and 
+ 10 (for 1970) as the yearly effects,+ 15 (for urban) for the regional effects. Note wesaid earlier that expenses in 1970 were about $20 higher than in 1960. This isrepresented by a spread in the effects of $20 from - 1) to 4 10). Similarly,the difference of $30 between urban and rural is reIpresteIItcd as the spread

from - 15 to + 15.With these estimates ofa commonr value and effects of both year and regionit is possible to predict the cell values. For the cell 1rural, 19i01 we have: 
Estimate 'or (rural, 19601 - $55 1 $10) i 1 1$15) .:30.

In this case our estinmtte of the (rual'a, 1960 l cell is precisely te actual cellvalue. By naking estinates for the other cell valuies, te reader will find thatfor this simple case all predicled cell values equal the expected cell values. 

Exe'rciso ... Find the predicted cel( v~adua's h 'l'ahb' -1.2. using theConln atil( f'ect estillites givell illih(.'Itxt
 

In other words, our hypot hcsis htas donte a vi'rv good jolo forethdi cting act talexpenses, so good, in fact, that we have In+tde lit) e'rors illnot a prediction. This isusual I'esull, but this exampIlIe was (iscissed primarily to make clear
what was meant by an additive it.With alladitiv fit.
wk.cstin~ah each cell
valte as a S,111 of'tihrte' Componentsthei 'vlpical value de.crilbiligall cells, andthe effects ofthe two independent variables. Note, too, that we interipre't theefflects by comparing tlli to tach otlier. Ior exaniple, ti efftct t"1960 is not nicaniigftul I(IforI"by itself. It 
-10 effect for 

takies Oit'ting %%hellt1oripalt' 
d to the1970, indicating that then is a $20 dift'ferenceexpenses letween illiv'l-tige1970 and I 96)0, Sinmi/rlthere is a $30diffeirt nc'ttn 

v,' the li f'cts for i'egiol indicatee I \'rF).i(e,Xlti'm t, it'tit'ii ulNtIii alld ruralInl most cases predicted cell valit'' wrill not 
r'as. 

difference bet wtn 
'qualtiv actual cellI va liis iTheti' prdictetd and ictil iell vtle, is called tii' re.sthtl/Thus W'e could re'r iti' vtlatio .II 1; 

CM 1110 l1 'atilllel 
 , t'dll ill eflecttlo• .(\ v ffi~ct"rvsidulal
 
III etl 
 ontri(.2( , "colunii ifftict' j h;sii'ii ist i a gt'lmn'the specific term 

l terl t it'elaceimequation i4. I1 that we 
vi 

"row effect" is 
called the "year effect'". Sinuilarlythe more g'neral t whal we callted "r'g ion effect" ill 

' I'm filt
equation (I. I ). Cohin an( row effects are co numonly used ecause' they are 
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appropriate for any table.The simple additive model, or hypothesis, applied to the earnings figures inTable 4.1 would assert that average earnings could be expressed as the 
following: 

average earnings = common value + age effect 

+ education effect + residual (4.3)
With the simple example in Table 4.2, it was possible to determine a typicalvalue and the various effects by inspection. Most tables do not lend them­selves to analysis by inspection. However, there are a series ofsteps that havebeen worked out to permit estimation of the various terms in equation (4.2). Itis these steps that we will take up now.
 

2.2 The Mechanics i'an Additie Fit 
The manner in which tile common, row, and column effects and residualsare found is quite mechanical. The , Leps involved are tile following: 

1 	 Start with the data written in tabular form. 
2. 	 Calculate row medians (means could also he used, but medians 

are easy to compute). 1 
3. Compute the common ta/iue, as the median of the row medians. 
4. 	 Subtract the common value from the row medians to get the rote

effects. 
5. 	 Subtract the row medians from the cell values in step I to get row

residuals. 
6. Get the colunmn cf/itt for each colunitn by determi ni ng the median

value of the row residuals in step .5 for each colunin.7. 	 Get final ret'siduls by subltracting the column effects front the 
row residuals. 

Each of these steps is detailed ii Figure 4.I. The figure shows the steps
involved in the analysis of the average earnings dlatit in Table .h.1. 
 Note thateac, one of the steps has beeniu nhered so that it can be compared to thenumbered list of steps just given. Also not( that there is an easy way of
writing the steps howrinm 
paper with lines to divide tie various steps. This is
not necessary, bitt makes for soniewhat easietr presentiatont
Julst t()betcertaitl that it i>c 'J of'results.l ~ial ,4,1 +lll \,III]thi .%%z mlithlll,­
ical]Ilnllliplklli l n. re<'co ]llh t %%hatl we '( 'after~l 1., ;1Illoo'(re lll({ ;eli]'. (of 
the tarllg. tt; pr's ttllhvdit) Tl'ahi ..1. \' \\V'it tuhto t1it ,, t1 tttill)pt­

in 	 ealIlings with itlfT-;t (u c(htictt ot 	 ev\ l. ittI l ctt\,mj.4)t : andil stciill .irtin sptcti\'- 'tht titti ll 'vet, c'atting., i%%ctder sing. 	 ttttit[ter' ea'( ;If(|(' ill)~(111011lt'[ 
,ai \ tt a t ",.ttvit5.t.t'I 1 ||111bill 1~ 11;1\ %(-Just 

colnpflte< isboilltg , tsedto diedtu ,tturn, Itirdt;tltnitn triittt tilt ttla h,.\\'t have
ch)se at i tatteg11 v fs[IttItttttZtt lt lltt
i 	 tnd x isttll-l'u;ttiz/ lgsttltby fitting tle iibservel datita inl xposing 1Iv deltriuiu .how %%ell the fitapl)roximates tile iihstye'l Ma­lecall too that tilfitlted data are based 
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explicitly upon a particular model. The model we have chosen to use insists 
that earnings are dependent upon the age and upon the education of the 
individual, and furthermore that the effects of hoth age and education can be 
considered additive. 

To make tiie model explicit let us take one example from the analysis in 
Figure ,1.1: elementary school graduates 25-:31 years of age. OuLr model tries 
to approximate the actual valuties for this cell. From Figure-. 1we see that the 
equation for the model (equation 1.3) gives the follwing: 

6331 8956 ( - 2292) + ( 67:0 , 3-10, 

where 8956 is the va'lue ('OiliOiIIo all obSVls iolS: 2292 is th( effect of 
having an elementary level education: 672 is lie f'lect of being 25-:1.1 

years old; and the.,residual is 3.10. The predicted cell value is JI.st 

6331 - 3,10 5991. 
What d(othese and Ohw lithe' IlIiiIlet'S in FigureI 11 nan.? Th(re ate 

several factors of' inlportance to note, all of which add to a Sthstanmti;al 
refinement of' the previous vislal ailaylivs. 

F"rom, it' SI1I0) l1(11O (Il1oll, 

1. The com r)in [effect 1 iive .().i lS9 litlinicitio0 thlivalt(, Iof 56 of 
nmil-rainge, ofaverage (arnillgill all l(l[cali1itl ;ittallllllilta i(l 
age caitegolries. 

l'i Il Ivetl'agct (v,-1-12. 'fie ro)w effects tmlicaht, 111,l ll.tlldfiflvw'tllt(v 

ings for people wit ll I. hii +, (, 'llihatioll\ .l''Iv l ;IttailIllllltt 

thal tl wit l ' i ecolldil,\ ('li(lt'lti )ll\ Pl -I $tiu i ­ose ;I lll w ItIlN( 
'(lVi i\'i '(ll'Ith l Pi' ll'll I l IGI' I ll \ ;gl ,I t' it t l.1t 

loli il l t I 11 't .l )ltZ'lleil Ilare .1 1 1 tIll 
lt 1 

the(cat- , \ ( Iol)( \ 1111ilge,. ,, 1 11;11ha ~h lu( 
tIle a l aV,l'+;IIl'nlll lwt, 11tl d ( ) i , . -. it.l- ll,)t UIIiII 

lh,
ofr :1-hl 
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t agoi p t egusutaraer redn toofth ectgood fit educatedfP° t, Shortly we W o uss are

bettr assessin h goodness Of t of the model,2, From the residuals it is also possible to isolate sp iwhere the model is not very Powerfulperforms poorl in particular, instanceswhere for elemetthe rt chool gradusat .. ea oldeducated -24.year.olds (where the residual i 

edoreate 184iual is a large Positive number), and university.tiVe), Both are interestin In that the large and fega.suggest something else,
apart from the effects oF age anad 3tucatA t 

on, 
earnings ofthese individu,,ig c 

.a ethat mnyun8. t 
scn e s Wory -e u 

For example ir could be expected 

t~ u is affectingtegs he 
ooI p d 18..-2--,y ea r-olds wou ld sill be i,s ,conl Pehap'l orgParttime. Hence their average earn. 

ians mighte ags 
y less than expected Similarly, young people withnentarntagodin the labor market,eritnce and 

schoIl education might fnd themselves dou.heir relative lack of education would make it dif.facult to find employment that paid well, 

2.3 Polishingon AdMitive FitThe procedurejust described for determining the common and effect valuesdiscussed. This results in a better fit of the model, meaning that the actual 

can be refined by doing a second or even third iteration of the basic stepsand predicted values will be closer and the residuals smaller. With enough
Iterationm, 

additional change, At thispoint, ifone 


a Point Is reached where going through the steps produces nos usinga computer to do the Meps, the
analysis stops, However, when doing the ls. us rbyand, It consumes too 
much time and effort, and one would not often complete more than one or twoit era tions.The steps for doing these "polisling" iterations are similar, with minor 

variations, to the steps for the basic fit, Below, they are numbered In so. 
quence, beginning where the bahlc procedure leaves o

Step8, n.For each row of residuals, and the row of column effects, find the 
mdin. 

S Subtract the median5 round Instop8 from the approprlate roidu.Step 10 alAdor column effects,the medians found In step 8 to the appropriato rweirow ocI e,, tho row effects In stop 3). 

. .....
 



dA'r 

e,f:Stp 11.oreach columnofnew residuals from step 9 and for the colof new row effects from step 10, find the median, muStep 12. Subtract the medians In step I tramthappropriatenew 

Step ~ als or new row effects found in step 9,
AStepdd the medians from step 11 to the newcolumn effects from step
 

Step 14, Repeat step 8 to verify that the new 
medians are small andconverging toward zero, and then stop, 
These steps seem confusing when written, but are quite simple in applica.
tion. In Figure 4.2 the basic fit and the polished fit for the average earnings
data of Table 4,1 are shown as one continuous process. The various parts of


Figure 4.2 are numbered to correspond with the numbering systems used to
describe the basic and polished fits. For example, find the section in Figure
4,.2 marked "12," These numbers are the result of performing step 12 In the
polished fit procedure, We see, for example, that the column (1601, - 33, 0)isformed by subtracting the row median ( - ' 74) from the appropriate column ofresiduals from step 9 (1527, - 107, ­ 74j, If we take the (University, 35-441
cell as an example, we see it is represented as:
 

16,146 - 9010 4 653 + 4882 4 1601
 
The common value 6s9010, the column eflect for those aged 35-44 is 653, the
row effect for university education Is 4882, and the restdual is 1601,
The Interpretation of the numbers in Figure 4.2 pnweeds in thesame way
as with the numbers from the basic fit, For example, those with an elemen.
tary education earn about $2218 less than those with a secondary etducation,
while those with a university degree earn about $4882 more, Thes, numbers
compare with the effect estimates from the basic fit of $2292 and $4628,
respectively, fly polishing the tit we have achieved a more refined estimate of
the row, column, and common effects, As with the basicadditive fit, however.we note the large residuals for the univerpity. ducait, Indicating thatpolishing does not do much to improve the fit for thin aroup.If we compare the medians con.puted at each o(the steps, we can see that
the polishing technique results In a more refined analysl, For example, the
largest medians decrease in the following pattern. 13,584 tstep 21, 4434 (step6), 254 (step 8), 74 (step 11), and 37 (step 14, If the polishing step were taken
further, the medlana used to compute new residuals. would go toward zero,
meaning that the computed effects would stabilize, Usually one iteration is
sufficient polish when doing the analysis by hand, but one should completestep 14 to verify that convergence Is occurring, 

2.4 Goodness ofPt 
In previous sections we said that small residuals indicstda good nit of themodel to the data, But the term smaIl Is not very deflnitive is posslble tocompute a ratio which Indicates how closely we have come to predicting theactual values. 1h4 ratio, shown below in equation 44.4). compares the Inter

quartile distance (H-upiwad, see Chapter 2) o( the original cell values withthe Intoquartilh distance of the reIual Ift for example, the rimiduals are 
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near zero, then the ratio in equation (4.4) will be near 1.0, indicating nearly 
complete reduction in the variation of the original data. In other words, with 
residuals near zero, nearly all of the variation in the data has been accounted 
for by the additive model. 

Goodness-of-fit ratio - H-sprecd original - H-spread residual (4.4) 
li-spread original 

Figure 4.3 shows stem-and-leaf diagrams and five-number sunimaries for 
both the original earnings data in 'Table 4.1 and for the residuals in the 
polished fit in Figure 4.2. The goodness-of-fit ratio can then be computed vs: 

Goodness-of-fit ratio - 0.92 

In other words, the simple additive fit to the data has succeeded in reducing 
the variation in the original cell values by 92';. 

P 'iguttre -1.,31. 

Stem-anid-Leaf )iagramis for the Earnin Mi1ta on 7'Iable' 1.1 andi r
 
Reid(uals firon the PolishedAddituc bit in Figurc.1.2
 

a) Original Data (unit In hundreds) b Residuals (unit inhundreds)
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c) roodness-of-fit ratio
 

Goodness-of-fit ratio J-ro' driqjna--rreadres-dua-, " 4 0.92 
i-sor'ad oriqinal 48
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Reduction in variation by 92% indicates a good fit, but there is oneadditional condition that we would like to have met. We would also like the fitof the data to leave unstructuredresiduals.Shown in Figure 4.4 is an exam­ple of two situations, one with relatively random residuals and the other withhighly structured residuals. If the residualsFigure 4.4(b), we assume 
are highly structured, as inthat our model is not cast in the correct form, thatperhaps the simple additive model is not a good hypothesis in this situation.When we do find structure in the residuals, there are procedures for fittingmore complex models, and some of these will be discussed shortly. 

Figure 4.4.. 
An Illustration of Randoin and StructuredResiduals 

a) No structure 
 b)Structure
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very adequate for predicting average salaries for people with that level ofeducation. Even though the reduction in variation has been substantial, themodel is less than completely satisfactory. 

Exercises4.2: Shown in Table 4.3 are reading achievement scores for17 -year-olds in the United States, for the years 1971 and 1974. Do atwo-way analysis of this table, including one polishing iteration. Corn­pute the goodness-of-fit ratio and examine the structure ofthe residu­als. Interpret the effects of parental education and year. 

Table 4.3:
Average ReadingAchievement Scores for 17-Year-Olds in the UnitedStates: 

1.971 and 1971 

Mean Percentages, 

Parental Education 
 Correct Responses
 

1971 
 1974
 

Post high school 93.2 
 94.0
 

High school graduate 
 89.3 
 90.7
 

Some high school 85.0 
 88.0
 

No high school 
 80.7 
 85.4
 

Source: 
 U.S. Department of Conmmerce, Social IndicatorsWashinqton, D.C.: 	 1976
U.S. Government Printf"n 
 Office,


1977 , p. 306.
 
3.0 	 Tlhe Addtttv tFit EI 't,'ido, 

Asv ' lavt'jt| ,l >'ct-t1 ith the ',x;irlrifife for vertgv'earllggtIlgtile simple additive 	 I I II+a v rhilatI,it 	 dos [lot do a ver 
data. When 	

iNoodjol in predictilg tl, actualthis occurs, tn.rv some simple eX,'in.iols "If tlimodel that lay 	 additivee takegi In the rviniaindei of tlis chapter, %will discuss twosuch extenslil.": iIaddiig allother termln to t'i slinh additive fitdeqtation(,4.2); and ii) re-exprvssing the tabled data. 
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3.1 Adding an Interaction Term 
Recall that with the simple additive model shown in equation (4.2) theassumption was made that the effects due to the row and column were purelyadditi%e 1'or example, with the earnings data we assumed that the effects ofeducati.n could be added to the effects of age to give a good prediction ofaverage earnings. But it may be that age and education interact. This wouldmean that in order to predict the tabled values we need to know somethingabout both tile education level and the age group for tile cell being predicted.For example, we saw in Figure 4.2 that there is something special aboutuniversity education aniong a

those 16-21 years old which simply cannot heexplained by the effect of a university education plus the effect of the 16-24age group. Somehow the two features (university education and age) interactto produce average earnings which are much less than what we wou'd predictfrom the simple additive model of age and education. When such interactionsappear, the sinlple additive model can be extended )y including aininterac­tion or Multiplicative tern, as shown below in education 1.5): 

actual cell valle c')lol colIuIn effect - row vitect 

A row I 1(couli 
n'sidlial .1.5, 

In equatiln (.1.51 the v.ahm k is at constant selected to achievebest fit. Its nmaiuor o0' dettinilat
the 

'iiiwill he illustratedrowv'01 u in' ci shortlv. TheIIII
uill(I t e'l-ll s i ll l lItw, caIild io pl/o isoll I'(i/i11S, il't
Sif ii ill0mappe, -al .i il, to the. t 'lctit. ell used to)c';iCtI­
late (hi-<ltillj 
' tiii, su liitioll f,d ,p'lih dvll (-i'. For each cII ;I vaolwnllthu,+, njtitf ( MhichI 'h ,lt ildfill ' 1ll tl( r, .is)th
;n1 c llinl zl i (irpltiltotofl;it , 
,-I ci' Til as, l ..v- t'lu~fi tll', i', I'tM C< 'Ii .ct 1-tii1l~ctv front m id illlllllO w,t+('1i+-h1l.dt \'l. ) eqtlathet+
V:dh llh 
 ilt- l
t t A.ill/I eqtuallll 
 )'ii l.-oarrth
h lcih l, hest I'l,v

II[l lll ll wl li tlit'll 
 . Tolth1(nist lllfrq lohftM hiat i c'ilh hvda (11ago",,lf. 

c e Tii io i r l r ll m ntill I"'-iille Ilt rt tilt the e,(' t
lst l
f-axit l ltled
of the .i ti+, g ifllltl ;tl iil'l lFiu r 1i ,2g\'tltvd\ ttdillrir l i- 111d+xIlll ib loliar +tl
t t2 ltm I lllicifai +l~l~lisl innl i \;IIh ,i. i t, 10'l itl pool1,I;llfltili,90tshwnill f
thatoti!,lo'. Fi
and~,;'+'li l il i..'ir igur( .r lill 

.'lI 
dlcillwi +,iltl f ri 22 1.'t iresitllsalu l.h d(ti-i lilttm
chi
l rtt!
ei -I~ t16-2r1xt rIll~ r-~tlli llIS (tt
c~i l(' l>dl llp ritol tor ll 

The~~illnumerFi;r 1Gcnbepotdwt 
i itills th' illngh 

-axllliof:llthei gra' +i ih the ci,,i e pl ld'nd l con-].pa.-Sl, vaueI< ong fill 

X-axis, Thi,, is ShtOWn illFigzurv 1.7, along with tilt residuals andI thleh­
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Figure4.6:Residualsfron the PolishedAdditive Fitto the EarningsDatain Figure4.2and CorrespondingComparison Values to Be Used in a MultiplicativeFit 

a) Residuals
 

Education Age
 
16-24 
 25-34 
 35-44 
 45-54 
 55-64 
 65+
 

University 
 -4902 
 -2142 
 1601 
 2346 
 1795 -1528
 
Secondary 
 0 
 0 
 -33 
 0 
 0 
 0
 
Elementary 
 1423 
 266 
 0 
 -6? 
 -583 
 73
 

b) Comparison values
 

Education Age
 
16-24 
 25-34 
 35-44 
 45-54 
 55-64 
 65+
 

University 
 -2432 
 -394 
 354 
 652 
 427 -1953
 
Secondary 
 0 
 0 
 0 
 0 
 0
 
Elementary 
 1105 179 -161 -?% -194 
 887
 

colrespo (li ng c mifllrris(l . rIn IjlU('11111lt hi ph t wI car (Itraw t t aight I i ,Ihat w ill pass through the pM int. ..as cl sly i,w ith a cleal Iss1ihh . his Is easilv r]u1,r her(ir w itha piaece t'lstring. I'li I r,.re l.been fithe(1 to the (hath. Ill the 
ra ts ihIh li, reh s.next chtel!)r int'gr( cl uss a l i anal ,sisWI willfit -'S~ "cr, 't l i lt i r l hl ,t1lrdoo f tsr . h.cr.elit pt rp (- ll(h, Ili](, Il,(I()t I

t ir Vf+ilinuI l l t . t1'1 i.I (I nil ri s, <l't''llie, tltl i nl h 

1;lt v,p (.;Il l c.' ctl l/u eh 


e th rn) u+g,h t hl>(i t il ' o t 
TIlt rt~ls(n,,+ ,,'dl l:I)l+ < 

. fil - of it 11,i t is
 
th isriririh e .rthi:r t i ; l
T hi p.r , < i l l 14 tIlle\. il l,M .,lr r hr> I? a+ l 

/ ill equatiih u .1.5r t hl i 'hl~t e: .( r r r iit ,i i ltn . tr h ,1 hI u ,f)!H.it . ut ia r IIiiilltl'f- i w 
.- ,q i,1l < (' 11tle,d"+;i 

'St'llt11,111, .\l111.F~igure, .. slhiw >that pl trl x stup
ql.d lrrnt, ill tlriise v..i'h s-hit iipwvi tI 
ihe right, while negat t ivIIl slilleill i
if' this is not tfai 

irt ( hl,,,' ti t heright ee (haptet 5lia I. fpt ertoi at, horizontalwIOu while alliihite sl(peIl re aTv t ical liall. I1w retur.e t ) I igure . we 511, that the line fittedto the data hans a slop, oft ahbollt 1 5.2 
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Figure4.7."A DiagnosticPlot of Residuals Versus Comparison Values, for aMultiplicat~eFit to the EarningsData in Table 4.1 

a) Graph­

y 

300
 

'ChangeInY
 

2000 
 3000-1500
 

100 
 2000-10no 
 1000
 

Slope Chanoe inrY 15e
 

1010000
 

0,0)Indlatedas~f; I'Sponts 

oint ( C-?,-4902 sal
i X ­

4-!000­

-e- n-an- i -2 5 

*5Ponts (o,o) IdctdasE'D; I Pont (-243, -49n) isoffCI, 

a) Nata 

CorparisonPesiduals
 

values
 

1 
 -51423
 

-14 -5 3
S7 
 73
 

0 0
 

0 

-2432 
 -49n2
 

"-394 -2142
 
354 1601
 

652 2346
 
C427 T 
 1795
 
"]953 -1528
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Figure4.8:
 

A MultiplicativeFit to the EarningsDatain Figure4.2
 

a) Values of 1.5 (row)(column)/comon 

Education Age
 
16-24 25-34 35-44 45-54 55-64 65+
 

University -3648 -591 
 531 978 641 -2930
 

Secondary 0 0 0 
 0 0 0
 

Elementary 1658 269 
 -242 -444 -291 
 1331
 

b) Residuals from the model in equation (4.5)
 

Education Age
 

16-24 25-34 35-44 45-54 55-44 f 54. 

University -1254 -1551 1071 1368 1154 1402
 

Secondary 
 0 n -33 n I n
 

Elementary -235 
 -3 
 242 382 -207 -1258
 

c) Stem-and-leaf d'anram of riesiduals; units 
inhundreds
 

-I* 6
 
-1- 33
-"* N =18
 
-0 " 3200

+0" 0000024 
 M 
 I
 
+0"II 

1-1* 1244 

- 4 E
 

1 -16 
 14 30
 

Goodness-of-fit ratio (See Figure 4.3 also) 
= 4- F 0.98
 

d) Structure of residualsa
 

Education Age
 

_ 16-24 25-34 45-54
35-44 55-64 654 

University - - + + + 

Secondary
 

Elementary
 

aFor meaning of symtols, see Figure 4.4.
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We can use this value for k and proceed with the analysis of the additivemodel, which now includes the multiplicative term indicated in equation(4.5). Figure 4 .8(a) shows the results of this analysis, where the new residualsare easily computed from the residuals for the simple additive fit:
residuals from equation (4.5) = actual values - common - row effect ­

column effect - k (row) (column)/common= residuals from additive model - k (comparison values)
In other words, the residuals for the multiplicative model of equation (4.5) arejust the residuals from the simple additive model minus k times the compari­son values. The row, column, and common values, of'course, are the same inthe model of equation (4.5) as they are in the additive fit.Has the newfitimproved ouranalysis at all?From Figure 4.8(c)wesee thatthe goodnessofi t ratio is 0.88,a slight decrease compared to the additive fit.The structure of residuals is changed only slightly over tilesimple additive fit(compare Figures 4.8(d) and 4.5). Tile dominant feature is still the poor fit ofthe model to the university-educated group.A comparison of the residuals in the simple additive model with those inthe more complex model containing a inultiplicativye terutnote. The significant changes occur ill 

are interesting to
those residuals for the group o"peopleolder than 65 years. For examlple, the simple additivepredict the )eletrentary, 65 4)cell fa iryI 

Iodel seemed towell. hut tht 11e011' co0mphI ,xadditivyemodel overestimates the avera ge earnings
some mechanism is operating which 

of'these peoplt'. It may be tht 
actsaged persons to dlltress tl,, earnings levels ofwith little 'dlhcatitti nrloutthan we wouldmodel. Sinilarlv exptct %%'itft ourthose with i uniVtrsit N'tLucatioIhigher eitrniltgs thal expected witl 

who are over 6i5 havetilenltdel. a complete reversal frol thesituation with the simnple diti ve rnIttlel. With the sinllilaritv intgoodess of
fit of the two Ift ll s, and the dtlefitiltt,' structurte 
ill thl,I't'Sidlidldifficult to decide Ietwetri thell, and hnc0,i to plcte 
Of i.II, it is
 

nIuch sigrlificanct, 
onthose findings that diflt'irbetweten the, nledtls 
:3.2 1)01t( T'iflort,tttotls 
In ('iapter 2 it was shlowi tha t rallsforiatitiors tftdata cart tfter he a
useful totil fiothe analvst. For exniple we saw that wlen synlrt'try iltilt
(listrilbutitirt it a Itatch ttt litilllmirs w:as Imporrltat transfornationslogarithlls, sqrilrt' roots, totr other fullicl 

with 
l sSimilarly, whell 

cotild oftt'rll ithiv't .Yr.illrcOtrlltirirng rr+ine t r"v..+'. tI'villtril tt'ntlt'yic l t' 1.t twas irplitarit grotjpt . itto have rtoill, etiqual rlltlastlr., tspratad ()rIte agalill, it wasoften possible to achitw'v this lt; traisliiirlrig thltdat;a.With tabhled Iritasures of ctnt ral r'tedet'yc.chapter, it is Iike those dIr'rctsstid itt thislso oftiln possibhle
transforming thvi 

to gt't a better fit to (hto dati h. firsttahfid t at llt)ly tint' siuch trallsttorrllit [oll%%i t' rt,i.-cus..'td
here, that for logarithlirits, liecatlist 1It inltler etlt iatitrt with till,,lion is still easy tt trllsfora.ltllhtrstarl (i)lhtr trtrishttrtit iris art' ust'd Itss tonly after careful coseritt itloll ndtttrilftltt' thelltefil from ;Iidecrease ill hIttetr fitis otlposed to athe ease of iriterpretilttt]on of the restlts. For a good discussion of 
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when such transformations might be indicated, see the work by Tukey listed 
at the end of the chapter.

How do we know that data in a table would be best analyzed after trans­formation? Unfortunately, a table does not tell us what particular model willprovide the best analysis. We must start with one analysis and then evaluatethe results. One can proceed with further analysis if that seems necessarygiven the fit of the model to the data, the amount of refinement deemednecessary, the decisions to be made from the analysis, and a variety of othersituational factors. In the example of average earnings that we have dealtwith inthis chapter, neither the simple additive model nor the additive modelwith one additional multiplicative term seemed to fit the data very well. Inparticular, there v,as still a good deal of structure left in the residuals, withthe university education level the main problem.Ifwe take a simple additive fit up to the point of making a diagnostic plot ofresiduals versus comparo.)m values, it is possible to determine if a better fitcould be achieved with a data transformation. In particular, if the computedvalue ofk is clo'ie to ± 1.0, we will often find that a logarithmic transforma­tion will provide a better fit to the data than the additive fit. If the slope is ashigh as 2.0 or ,islow as 0.5, other transformations are i(ndicated (see 'Tikey,
1977, for a (liscussion.


If' the diagnostic plot indicates that a 
 logarithmic transformation aightprovide a better fitto the (lita than an additive model. the first step is toreturn to the original tabled data and to convert tll the numbers tologarithms. For the i.a,iage erIn ings example, the (lilgnostit plot in Figtre1.7 showed a slope. of' 1.5, indicalting that a logarithinic transiiliton isworth trying. The lgarit hifiic tralistiirlat iois ;at-,shownl il "'ille A11.The analysis at this point proceds J.ust exactlv as with the simple additivefit, and the various steps through tit polishe~l stage art showi in ligure .1.9.
Figure 1.10 shows that the goodness-.of.'it ratio is agiain quite high, this tinoe
 
th
0.93. Better still, rilich of, struciture h lsbeer removed from the residuals,meaning that the logI-rithunic odel has done i better job ol'predicting the


data tbat the additive Iiodel.

Ar additional heefit from this anal v.is is that we can now cleal a1result that was only indicated in ti idditiVe model with 

v set 
a tMolti ica;tivVterm, and was totally ohs red tvith thesitupleildditive Ilodel. In fct. itdotsappear that people who have airl eleientir -level edic;ition 11(1 ore over 65years oflge tend to hivt average eirninfgs thalt nre depro ;sed fro tile levelswe would expect froin t hteir age and edcaltion level ;ltti. The re1sidual forthis groip, 0.09, is th secondil rgest in tlit tolo), This o.,a res ilt worthtracking down in ftrthr analvsis fir discussiollWe siw that tile,lorarithillic tiansforillitioll hls restlited ill i bet her ;1lalv­

sis of the eairninrgs tInla. hut wv have riot'vet talked ;hoult how to interpretthings like the rttw etffcts o'tleo variou s ctt0l.1rnl1 ettocts. Showli IllO(Iultiol)n
14.6 is the inalysis todl we hia. beeti fittinig to the triuslorioled data: 
log of at'tiial rhati log t'f common value , log of' row effect 

log ofgcoluri effect log if rtesi(lual l.
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Table 4.4: 
Average EarningsData, as Shown in Table 4.1, and the Logarithmic 

Transformationsof the Data 

a) Original data 

Age

Education Age
 

16-24 25-34 
 35-44 
 45-54 
 55-64 65+ 

University 4502 
 11,023 16,146 
 17,442 16,475 
 8758
 

Secondary 
 8283
4522 9630 10,214 9798 5405
 
Elementary 3727 6331 7445 
 7934 6997 3260 

b) Logarithmic transformations 

Education Age
 

16-24 25-34 
 35-44 
 45-54 
 55-64 65+
 

University 
 3.65 4.04 4.21 4.24 4.22 3.94
 
Secondary 
 3.66 
 3.92 
 3.98 
 4.01 3.99 3.73
 
Elementary 
 3.57 3.90 3.84 3.51
 

. 3.87 


This isjust a -siliph,a hgiti fitl sig tt hit w iths .(ifthe(tabled data. Butrecall that til, logarithill of a nuultipl icative fia-ctor is;the sm of'the 
logarithills. That is
 

log(ab log a , ,log1) 
Coflsequeutllt Ih il(Iit no(u ]lidi l ('lUat hiiI.1,1 ca n a :o e thuiirght ofas amnultilplicativ'. tio(h], since itcan h, rtwritti.ri as: 

log of'atiil ndata log of' (coiurriruivalimi 
 1.om effect -. lirriir 
1.11,vct . ire-i[li:rl 

This fiactis sul'1 i) Ilit r retatiloll.
 
Shown inlihgur 
-I, IIi the la.-tparl ol'tho polishi li hu.rithriu ar jjil 1 , fitfrom Figure 1.9, and the correspnii rig filltiil cati'.e t~ih inwhiich each ofthe log tennlls illpart (ii has uell v'irver't kack Into it., (orrrsl)orliingnlnillix r. ior exarijplh, thil row e fti 'tfor Vh nlenMtary (Iu;Itlorlis log1 0.1:3) 0.7 .S iniilarlv thi, resih alfir the cvl vv2.1 -un
1 ,j 1og1 (0.22 .60. In part K)),thues e coriveu tei terils a re .o w n ,,ligw ith a nindication that the actual va l ,ts flow riot tle S11 o . arv 'ti lllliollriValto,row effect, colllill T('fect,arid rsi(uial, hut rather thl Produt of'tho-e hirns. 

http:rtwritti.ri
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Figure .1.10:
 
Examining the Residuals 
 'rom the 7"u'r-VaV Analvsis With Logarithmie 

Tratns/hriotions,(is Shown in Figure4.9 

a) Original Data (unit = 0.01) b) Residuals (unit 0.01)
 

35. 1 
 -2'
 
35* 7 
 -2. 2
36. 
 -1
 
36* 56 
 -1.

37. 3 
 -0 99

37 
 -0. 222
38* 04 
 +0' 000000000124
 
38* 7 
 *
39" 024 
 +0'
 
39* 89
 
40. 14
 
40' 
 N 18
 
41.
 
41'*
 
42. 14? 
 0 
42- 0
 

1-22 4 26
 
18
N 


t 311 401 28 

13l 47 71 

C) Gonodness of fit nitfo = 28 - .93 

d) Structure of yesiduals 

Age
II u(,t t i or 
If -;14 ?5-34 35-

44 
45.54 55-64 f1,+
 

In Ivr,,I ty 
+
 

1l orid,iry 

I 1,mentiry * 

. ,exa=mlh., % ,:., al for [ho,cell fsvt'.)vlr ., 
 I ll aft w l%;1',1 1,, 

+l(ll~l 1 S)1111l t+IIIi~£1 
 11 12p.,[|~+ llllMA h ll • f . t ,
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(-'nmareh'hy/tl Addthr1 I.,g and a ,ht /1r, .lhu(h4, /or the 

a) Addftive log model
 

Education 
 Age 


if -114 ? -34 3f,-44 45-5.1 55-64 Effects 

PnivprIr tv n r n 0.
 

le'CO( ,]irv 
 0 -. 01 -4. n 0 

ColU rI
 
( ff 't s ,i I , 
 - q .O , r) 

b ) MuI t pif)I t(t II , IEIi EIlLourr.ii ion-1t ,EuuIti ItE e oy l ll. I 

i fr - ,to y .10 

I'¢nflai,ti r a , I. I.n • ii a( i . I ,,P 

On I Vfr t V 
no 

M i l ll ml| \ l d hl 'l 111,,- 1'. 111fill' h'n~ l l i !lt. ~ l i, 

Int,- , *-') I I .Al,, 111#.1hh04,1, , . 1~dll if.' .,- %%i III ,,h 



t 

additive model, It is a term iniaing~ the mid-range of averageearnings for all age and education groups,,~-~­
... e.wffects, Again the Interpretaion o~f, iffectsrow isdonethrough corariso n Ofany two rows, For examplo, we see that therow effect forelementary education. is 0.74, while that forSecondary school Is 1.0, indicating thtpol iheeentary2

ducation earn on average abut three.fourtswhatthosehigh school education earn, Similarly, those with a university 
dreemearn over 1.5 times what those with secondary degrees 
SColun effects: As with row effects, column effects are inter­preted by comparing them with each other, For exampled we seethat oetaged 65 and over earn about half of those age 45-54,since the ratio of those column t Tectsis (0.60)/120 0,5,w -Residuals: The residuals shown in Figure 4,11(b) indicate howfar the actual terms are from the predicted tems, If the residualIs I0 the actual and predicted terms are identical, If the residualis le8s than 1.0, the actual term Isless than-that predicted,, withthe ratio of actual to pred icted beinjgi~ven by the residual, Forexample,.the residual for the cell (university 16-24) Is 0.60,indicating that the actual value Is only 60%'of the predictedvalue. In fact, our model predicted too high anumber for that cell,For the (university, 16-24) cell, the predicted value is: 

Predicted (university, 16-24) = 8913 x 1,62 X .51 = 7364 
On the other hand, the actual cell value was 4502, The ratio of 

p. 

actual to predicted is just: -


Actual 4502 = 0.61 
Predicted = 7364 

Within the limitof theerrors involved in rounding of, this is thesame as the residual of 0,60 shown in Figure 4,11(b). If theresidual is greater than 1,0, the actual value is greater than thepredicted value, and the ratio ofactual to predicted is Indicated bythe size of the residual, 
in summary, then, it appears that the logarithmic transformation of thedata has resulted in a better prediction ofthe data, and consequently in amodel on which we could more reliably base decisions. From the analysis inFigure4.11 l, we can makemsveral useful statements, as already Indicated,about the relative earnings ofvarious age or education groups, We also knowthat for a few groups something else seems to he occurring, In particular the(elementary, 65 and overi and (university, 16-24) and lunivvrsity, 24-34)groups were not predicted very well in the analysis, We may wish to find outwhy. The analysis has been useful in the sense that it has indicated particu.lar groups where Interesting mechanisms may be operating that result in .
earningsi levelm differing Ironi what our mnoel has predicted based only onage and education, 

k' 64i 

'V*C go 

http:Figure4.11
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4.0 Summary 

In this chapter we have looked at a series of techniques and procedures that 
are useful when the analyst wishes to dredge more iniormation from a taile 
of central tendency than is possible witl ijust a visual analysis. initially we 
looked at a simple additive fit to the data and emphasized the interpretation
of row and column effects and residuals. It was denmnstrated that a second 
iteration of the additive fit will provide a "polished" fit converging on stable 
effRct estimates. It was also shown how the goodlness-of -fit ratio and the 
structure of, the residuals could he used to d1,terine whthlertIhe additive 
model predicted the actual data very well. 

If the prediction was not good, eitherIc'aubse the rCsidlMls were' large 0or 
hecause there was structure ill tile residuals, there are two altit onal proce­
dures that can be taken, A multiplicative'. or interaction, term can he in­
cluded ill the basic additive model. diagnostic plot orcsiditals veisusA 01 
coliparisoi valtues call he I. 'd to deternfinOt hWCoolt lli it) ist' Ill fill inMg the 
data. An additive model \VIt,. a toultiplicat iw' terll isiiethat th etlI'ct.s 
due to row al coluton \Vi'rialiles art lot si11lyvitdlliti(c This Ilotdel 
hypothtesizes tlt there are some tells ill which tt'r1icziois (of the 'row and 
coltlun variafbles ate l)rt's(tnt.
 

Finallyv it wa. shownI that i tji
lt',".iniplh. iddititv. lolIl (Itm.e-I t m\te a 
good fit to thi dilata. thit diagIIOStICt Ift)t cNII hC, ii-cd t0 dctI if d data 
ti'allsfolIltatioi %%I hcll. III p 'ticulr wt' luuked ;it tIe ll aIrtlit1t' triis­
f'orrmation, ti viti pl isi iIllg the iitil'rttitiioll f thd rc'<tlts+ 

5.0 Terms /r lt!?ei'' 

simple additive fit 
common value
 
row effect
 
coluni eftect
 
residual 
polishing 
good ness-ol'-fit ratio
 
structure in resi(luals
 
interact ion
 
conlparison valties 
diagnostic plots
 
slope of a lile
 
additive logarithmic fit
 

6.0 Practie l.rc+iss 

1. Shown in 'liihle .1.5 tie average salaries by school-district size and en­
rolinent trend for the North Central data set. What does an analysis of the
data fy i f ll erftirr a two-way tialysi , fi Iing atsimple addi­vslect io I l 
tive model to the data. ('arry tie, fit tilrough one liolishiig iteration. ('olnunent 
on tte comumon valtie, t ilheffects due to enrol Inen t trend, i nd t lie effects dutie 
to district size. 
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Table 4.5: 
North CentralAverage Salaries,by School-DistrictSize and Enrollment 

Trend 

EnrollIment 
 Size
 

Trn0-299 
 300-799 
 800-1799 
 1800+
 

Tast 

Growth 
 257 
 269 
 ?24 
 298
 

Slow
Growth 
 282 
 262 
 276 
 310
 
Stable 
 263 
 274 
 289 
 328
 

Slow
Decline 
 261 
 276 
 294 
 334
 

Fast
Decline 
 259 
 274 
 310 
 370
 

2. (Coriput, a go dtv.s-()'-fi ratio foir. 

(iXalt 

th. ioishei d fitil ilia('I*toil I. Aioiil' tii( Stli'utturt of' fll, ii(siih li,. ('olil)nl t (11 hi)l Nw filtl' silliptlald(dit iv rii)thi has fit tih,3I. (C()llplte (,o)ln i(ta.h a ol)l(t\N,Illl- ;i)ld loht 1(4."idhz;.h
thnliatf, fll(. :-.hJpe of Ihe 

Nvr) u)..thl;(,.,. .. I.:,-­it. %%+( (' tllwh * ( i ', . p,(.-c. thro)ugh fillpo ,,ofu~d (I;It;lnts 1)oc(' it iltldlcat(. IllaIt it ]()
)\id 

li h ljt')L I ll)jt loll of f l&thprov Ia nI~+ighte l h tl(r fi~tto III(,- ~ ' .1. Ify'No) l hil .k;f 't m I)t -:1))'-loro'mf lilt) (it h(il.& t ',v,)Nhti pro /(h, ;1II
 
hun fitv id)t t i t thala,i -li, .
 1 i)i u, Ifrttfi ix t l fito ;l lnth li i 
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CHAPTER 5 

Regression Analysis 
Gary Lewis 

1.0 What's Ahead? 

Regression analysis has been called one of the most powerful proceduresavailable to data analysts. Applied to interval level data, it is a techniquethat uses many of the same concepts developed in previous chapters. Data arefirst graphed, and then a model is used to try to fit a straight line or someother curve form to the set of data. (See Volume II, Chapter 71. The extent towhich the model predicts the observed data is the basis for assessing thequality of the fit. If the fit is poor, the analyst can try data transformations tohell) correct som e of' the problens. All of these features - ile phlo of tileactual data, the use ofa model to predict the dalta, the use of residuals fromthenmodel toassessqualit. o'fit, and stel)s toO rect )roblemsifthefit isl0or. 
have been covered ia past chapters.

In the present chapter, we discuss two variations of regression analysIs,called simple and mtultiple, the latter being an exte'nsiOn of the former in thatit includes more variables. Initially, tle ba;ic idea of' regression analysis isdiscussed, with attention to the formi'of the Ihodel rIlost often chosen, thisbeing tile linear model a straight line). Secondly.vyariolis Ioethods offitt ig astraight line to a scatter olplOtel piits are (described. These iuethods range
from the simple to the mrore cormiplex. and tlhir cloice for use deliends up n
the situation in which tile analyst is operating. Thirdlv. the qality of the fIt
of the modol to the (latr is assessed by3 using rI-siiluiils, whore once i gaii
are concerneI about we
things like structure in the re.>iduals. Afoiurtth section
describes hov dlta trilnsforll tions c;ln sOlllerilllk- ti4 thVdo'ore corln­l(-mon data prohems. Simple guidelines fon. deciding ul)in altapropriatetransformation arei presented. and exalhliles of' such tralisforiiatioi s art,


provided. Tile fifth and firal section discusses oui 
 virv inipirtailt extiis<inof'simple regressiin anatlysis ti the case whirt wi wish to reltc uni dpein­dent variable to two or nire, independent vairiables. In thiis situation, rimuti­
pIe regression is indicated, and procedures lir" selecfting a liodil, exainuingresiduals, and trasfiorming dala are included. Since the plirposs ut simlpland nmlultiple regression \il'v a nVl can litI abuse h b, IiirIrriitiod irterprIeta­lions of, vht the a a'lysis seems to ie slving, consihIrilable Vfloit is IIidtwhen presenting exaipils to explore the imi tatiors ofiftii' inal\Ysis as well 
as the benefits. 

2.0 The Basic Idto o//Ii'rsiti,,i A o/vYss 
Table 5. 1offers a su namy of admissions infoirmation for an institution of 
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higher education over a period of 7 years. It is a reasonable assumption thatthe number of new students who actually enrolled each year was dependent 
upon the number of students who were admitted for study. Tile data for those 
enrolled and admitted are graphed in Figure 5.1. 

Table 5.1: 

Institutional Admissions Sumnmnary,1965-1971
 

Year Applications Admissions 
 Enrolled
 

1965 1178 
 604 416
 
1966 1097 
 648 504
 
1967 1006 558 426
 
1968 1078 
 630 447
 
1969 1166 595 445
 
1970 1095 
 581 411
 
1971 1059 
 694 511
 

It is clear hrn Figure 5.1 that there is a relationship between the nunber
of those adi itted and tihe nu1Inber enrolled. We see frtn the scatter of'points
that, generally, the larger the nunher ofadmissions, the iarlger the nunber 
of students actuallyN enrol ling. In othe,' words, the direction oft il relation­
ship is positive: low values of.o, vitriahl are genrerall associated with lowvalues of the second variablh, and high values of' one variahle iore usually
associated with the larger valrhes of' the sectnrd variable.
 

Recall that in Chapterr 3,when discussing tahls of' counts, we were in­tertested in thIe (Iir'ectitInlitv oftrhelat iio 
 slil) hut were ;Ilso int'ested in tIn 
strength and nature of' hat relationship. When we. are dealing with interval
 
level dala.as in lViguri 5.1. it is possibhle to fit to the scatter of'pJints a straight

line or some other ti orotifr 
 . The, ficthoal lorr tells us solmething
about the nature oftie relatiorrship. I.or extlnple. it a striaigh t line seems to
fitthe, data, wesay that then is a linear r'te:tionsip hbetween tile variahihts. 
Ifthe data poirnts 1o not lie Iiore or less or a straightilie, hot give t'viderc (t
curves or bends. tiil Sor other funt'toi al frt'rir riirst it,used(to fit the dat.
For example, we riliglrt tilird t ats X iIcreases. )' alst IIcl'titses, first slowly
and thenirit'e rapidlv. as in ligure 5.2 In such atcase tri exporiertial for'l'n 
might provide ti best lit toti (,lat. An alternative tt fitting such it
functional form wtorld he to trIlt sftr'n the data f'or' either' lh of' the)tl

variables, attempti ng to st raigiten out the datta trlto fit tie resulting poinits
with a fine. Such dltta transformations are discussed later illthe chapter. 
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Figure5.1:
A ScatterPlot of the Number ofAdmissions and the Number of Students
 
Enrolled,for Datain Table 5.1
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Enrollees 
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Figure 5.2: 
An Example of a Non-LivarStater ,/ Dat Points 
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Bcsides telling us something about the nature of the relationship betweenthe variables, the fit of a line to the data can also tell us something about the
example, the observed data puints lie fairly close to the line fitted to them, the 

goodness of the fit of the line and the strength of the relationship. If, for
line accurately describes the nature ofgthe relationship between the variablesand indicates that the fit is a pretty goodFigure 5. 3 (a). In this one. Such a situation is shown incase we say that the strength of the relationship isstrong. When the data points do not lie close to the line, thr strength of therelationship is weaker, as in Figure 5.3(b. 

Figure5.3.Varying Degrees of Goodness of Fit and.Streingt/ of R'ltionships 
a) Good 
'itof line to data; strong linear relationship
 

Y
 

x 
b) Poor fit; weak linear relationship
 

Y
 

* i 

i . 
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Fitting a line or some other functional form to graphed interval data is
called regression analysis. From this introductory description it should comeas no surprise that the basic approach to the analysis of such data is quitesimilar to approaches used in previous chapters. We will first propose amodel, and then use the model to compute expected values. A comparison ofthe expected and the observed values is used to determine if the model did agood job at fitting the data. A close fit to the data is important when it comes
time to interpret the results fr'om the analysis.


This same "summarize and expose" technique 
was used with measures ofassociation and prediction analysis for tables ofcounts in Chapter 3, and withthe two-way analysis of tables of means in Chapter 4. The form of the modelvaries according to the type ofdata being analyzed, but the basic summariza­
tion and exposure approach is used throughout.With regr'ession analysis, the basic "model" applied to the data is thestraight line. As indicated above, there are refinenments to this basic modelthat become necessary when the data are not well fitted with a line,but as.first approxinmation the linear form is generally used. Before proceeding tothe mechanics of fitting a line to a set of points, we first most learn something
about lines. They are defined by two parameters, the s!opc and the interce'pt.The slope ofa line indicates how flat orsteeI) the line rises or falls. It is defined 
as: 

slope of a straight line -'lian' I (5.1one0 Unit change( in .X 
Shown in Figure 5., ate two exanphes, one where the slope isquite steep andpositive, and tileother where the slope is flatfrly and in a negative
direction. Note that the'sign on the slope indicates directionality of therelationship. In Figur"e 5..b, for (xanlihl, then is a tendtncy fo the smallerX values to Ie associ;atd with larger Y values, and for larger X values to he 
associated with smaller Y values. 

The int'rcept is the second pailreti'( needed to Iivlni'ly len1t1if.a 'ngle
straight line. It is lehnid as that ipint where 
 thl iline intercept, tlt Y-;lXis. 
or would intercept the, Y-axis itif were ('xtenched to that axis. l"igurt" 5.5 showsa variety of' lines, all 
with the saM(, slope, hut with vrying iteicepts.
I 

If we are going to filta line 'out "ilothl", to a set of data poilit>. we lnustdetermine both ltileslope and tw -intercept. sillce the ituiqultIv detfi,i agiven straight I;ile. n geleral tt'tllnsthe e(uation ofa straiglht ill('i.giveln 
)y: 

1' ' X , 5.2' 
where a-is the Y-itnt ercepit and h i" thit' sloift. litTh ('pend e It variahh' is Y,aid
the inlepelndent variihl isX in this tquatiti. 

3.0 FittinigtPr,+cedui,,. 

flow does one dett'rtint, which line "best" fits the data? There are several 
methods for fitting a line to a set ofpoints, from the fairly simple to thesomewhat mbu' comphex. Before detailing these methods, however, we 
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Figure5.4:
 

Computation of Slopes
 

(a) Positive slope
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(b) 	Negative slope
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should co nll nl the (ollri toit,itst~i wh~n ud 'ingW eth r at to t et 
ofdata is g'ii(i or poor. IIntuiti vtj%,Nl i.l. (Sr we (an pass tli hult titih ll t.t
tile better the fit. Figure 5.6 slows twi lin s throigh (Iilssilig o"ti ll st spoints',and it is easy to see that 1114I le s ;iheIt it thait ln ,2.sill' thI
(111111lJ~t itsI t C IIt'ohoi ) ( I ll;llt h (to to Iil, 2 Inla%vorkot ill 	 ,w IbollIents .wwill; Inore r'irons aslhiir( 
 how this cli oeiicl(fosvtlwst..,poinlts to tia line tan 	 of tildatah li s t i fithti Ii ui. I"or Ilii ,(iS Stlflicient ti I'PtOgiliz(, that th 

,srtll,owver, it
clhs(,-a lilt10 iasses tobetter the fit. By isilg 	

all the data poilts, tiltthis (riteritl it Ip iossilflf to st'o c lil using tiesimplest of'the alpp)roalches to he discusseI lere.
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Figure 5.5. 
Examples of StraightLines with the Same Slope but Varying Y-Intercepts. 

Y Y:=4+2x 
8 /Y=O +2x 

6 Y = -6 + 2x 

-6 

-8 

-Y 

Figur 5.6:
 
An Illustration (; h( .l, .,p, 
 lrt litie'ir .,I,'I 

Line I fitt the rdta
"better" thin Lne 2 

lint I 

line? 
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3. 1 The Inspectiwfon Fit 

The quilckest ilind simplest of Iitting it'dures tIst's th illua eye and it cem IIruler or straight edge. "ir.st, i)10t the data points oil i piece of graph
mlp'r. Seclld ly, ,llovthstright edIgt tihrotigi the ii ilts until \'otl I'eich ;In

orit-litatiol where it looks as if the data p lit atre hcloset to Ilit, st raight edge
than for aY other orit'litati lo. Select this is Polt Iitle itld driwi the lit,
througih till data points, Fild thesi1 b v1vtliIu'mint trom thl graph. Find 
the illtercept as that point where tw ile(- j,.,Ito tihrn.'h OhwY- mx or ldwo 
J)aIssIlilrolighil t Y-axis it' it wie ttetohdd 

Illis proceduit re hI- heeul lu to il a itlev to till', , mlll-.hltl-,tlll liltuh ltt 
data tFigre. . I ,Showi I' "igmtii v5 I- t 
lthe v Illtioll oflt- I111. ite beell folli t lt 

i thI t 
III, 

hli.dLt., ito. e e,.til t 

Y 20 , T,.V 

A, Inisp vitin, li,/ .fI ra ,t ,,Ii'/I I Ii htI / li Ioli,-ttson d A uimissions,
/li-the AOI Tt l'. 5 1 

rnrol lments
 

th residual for I 
this point is *In 

40fl 

I Oneu'' '), fnr"nA 
r 

Fitted I 'ee Is- v 

Vwhtierefrirnttrnents
 

an__ A ­iu....o.i
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"summary statemeint, howeve.Frtitaoltrevrthdtaans 
i n v olv edot Presen t c a e r al isc 

from tiherald, 5' O to almost 700. Equation (57 suaize theidata wehave In thi 
Irne It say nothing, however abou th(oeitnt datta,for 

8nequation p9asumrovidedaa pont themsele oo anyatnsi1s9 

ther linetinto lowe or higher values,ly, the summaryIsanaccurate statement of the relationshipthe extent thtthe lin efitsf data, Ifthe data ponts are not close to the lie,then we have less confidence ntthe summary than we would Ifthe data were 
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e.ea78 nroled a reull 
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disce n l t r sections of th is cha pte r, - _ - .. . . -: ..As we haejust s en, one,. wepurposet bor regression ranalysis Is to obtain a,summaryof the relationship be we n wovariables, Prdcto thesecond 

purpose f r which reoession • -- t equation
tuodpe dnubero suww all enrolle, r a gven number ofwch:+ 
frtde id. tow lol, 7r example, does the equation predict theactual number of enrollees In 1966? In tht year there were 648 otudentadmitted, We find that the equation for the fit by ioRpection predict or 

estimates that 485 students would enroll: 
Y - - 20 + 0.78(648) 485 

In acthua ttherewerstdets.who ......... 1 966, so thepredict Ion
f r o t e eua i o wa of y ab ut 19 st u en s se e Figure 5 7 o.This number, 

which Isthe devatron of the dint. ealue notheobserved vanue s of 
called a residual. Residuals can be computed for each of the observed Yvalues. In a later section we will show how these residuals permit us to amems 

the lnexto lower or hher ae, 

It s alsol the to use an r testateoft eo reat only totivenX value that Is t.tam .thedata point red t se t the line, 
Supe tha theat wplttd as not fap seven conseuieyas 
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data and, strictly speaking, is valid for prediction of data within the range ofvalues upon which the equation is based. But if we believe that circum­stances have not changed recently to affect the dependent variable Y, then we 
can and do use regression as prediction, where prediction is to some future 
state. Similar projections are used constantly in planning. 

3.2 The Median Fit 
The median fit can he used to provide a soni'what more accurate fit to the

data points, in the sense that the line determined with this method willgenerally be closer to 	the, data points than one chosen by inspection. The 
series of steps needed to complhete a median fit are listed below: 

1. Oin tie basis of X valties, divide the data points into three mnutu­ally exclusive grollps so that there are roughly the same nubtler 
of' points it) each group. 

2. 	 Compute the mtedians tr hoth the X and the Y values For thegroup h1)th, i( alts.t X values 1a1 for til, group with theIargest X valoes. ('all these values0.\ '. and . I',', where
tie s refers to small irt(, the / rt'fters to large. 

3. 	 Use IX,'. Y,(and iAY. , iit coinllit' the Sh~l~t of the line with the 
following e utati ll. 

Slo e "5.3 

.I. For eitch N vallint.collUtt'M)n VIWxlttd( Y \;I]tUV wICh,(l Y' IIliing
tile ,fulho% illgr ctllit lo)ll 

h~" .\Y' , Iop ,A5A.I 
,5.(C)Il~ lp .i tJlna l. inal V 1". and then hind the t .­t's ;[.: 
 (
 

dian r+esidu;tl 'l'hui-I a ' is the Y Inlt'rc pt.' Alteriiativ '.l% lit,call draw ; ihon o l Ithetplot lI'hv origillal ala philist, wilh til' 
line hav in, the ot., 1h1)'i i til i lII-t' htlIl yi t tii i t aI lgitet' pl'agii
s+ide' l't l. 'he I, thli'l , n1.e uttil hiiiil.l,'' It' oltrailght edgJ l as la ir' r o 

dratw the, rP.!Ir,,oII hine thrI-

g 	 ;IIIl h;If are oil III(, otl~tl'. At tl ponit flt 
.hl tilt,-,+it~t pol 1,t1<K\t1-rld the lit".. 

to+tht(. Y ;1\1,. to (11,11rl lile Ihe Y"Imlter'ept 

Tlhe".tv ,tc'p, ]l+IX, hv'en % v il , l t IJtur,. -) " i, r"tit,,ow 	 I(IIII-lIon anld
tvllro)llllIelt 	 .ltla th+it \.v h+m,,, hi',v lii i to lillt, tlin,. N<h,, I	 that lh11, prl.oce-

Till h t - t ]if 'll ,4,1itl+t Io ll (d+ th im,., r i, tllocced t ill forl tit I 'll bN~ 

II 	 . 11t 1o10 t V tl f'd h~ , I ; tllll l' , r~lptholl ; IIIl (I l iorp+i- ict ionl. 

Anolltherl t'ollllllonkl II,ed( pr'owd~lrll to fil ai lilt(, to) ;I vll 	 otl da~tat points, iscaldhl e it ++t + lit1 ,.M111h I: 111tr(Khllctd ill Volume 11.Champter 7. The,line dehtri .dII) thY v-s+qtjarv., lit l1 ill(..	 m~III II.!s the"Ml Of~mthe stltarts of 

http:Tlhe".tv
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Figure5.8:
 
A Median Fit to the Admissions and Enrollment Data of Figure5.1
 

a)	Rank order X values (admissions) and divide Into three groups (remember

to keep Y values, on enrollments, with appropriate X values
 

Groups x y 

1 	 558 426
 
581 411
 

595 445
 

2 	 604 416
 

630 447
 

648 504
 
3 
 694 
 511
 

b) Compute median values for qrouos 1 and 3
 

Groups X
m Ym 

1 570 419
 

3 (71 5np
 

c) Compute slope
 

Slope = (Ym3 " Yml
 

r-l _ ml l j:7
 

d) Determine Y intercept, hy computing residuals 
= Y - y' 

558 4?f, -(5 
5 4111 ..Po 
595 445,604 	 -79)411, J: -IV: 
630 447 
 -1 -107
 
64P ,04.1 
 -I'6
 
F94 511 
 11 -inn
 

Median Residual - -inn
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the residuals. Recall that a residual isjust the vertical distance, on the graph,separating the observed Y value from the expected Y value on the regressionline (see Figure 5.7). Minimizing the sum of the squares of the residuals willproduce a line that is as close as possible to all points. The least-squares fitalso results in other attractive features that statisticians worry about, but
will not concern us here.The least-squares fit is somewhat more time-consumingeither of the 	 to perform thantwo previously discussed
outlined below, arid, while simple, they 

fitting procedures. The steps are 
can become time consuming whenthere are many data points. The computer can help in this regard if*one isavailable, since there are many packaged programs which routinely computethe least-squares fit to a set of data points. Alternatively, many inexpensivehand calculators now have been programined to provide a least-squares fit toa set of data. The data art, simiply entered

buttons pressed and tihe slopt and intercpit 
into the calculator and ;,fiw 

are th en com puted ilnd (lispl yed.For hald computation of' 	 i sm1all ltllber of 	 dltalpoints, iaowevr, thefollowing steps iayitbe ustd to Yield a least-sq1uares fit: 
1. Sul tile X vxalues. ('all this 1..
2. 	 Compute tie nican of the vlto.. ('all this X.3. Sum tileY values. t'all this , Y.
4. 	 Comput(. the, Iot'a 
5. 	

of' the Y valts. ('all tis 1'.
For each X valtie, clnloiuti, .\'-. Slll the ,
\' Xl2 s aIl (1 (-all this -X2.6. For each XYA pair, compute XY.Sam tilese X Y Oilles and call this 
i X 1. 

Afteti' itse ti'liiis iaXi, alf bell bta ld. nlti ' ollipiltts thie' slope ndlinter'+ept of'the least-'squarlt, filt is: 

slopet' NNh0 XY .VN "+\- ' , I_\X ,-' 'oa"55
 

where N is tile Iiatllll)(To dih'lt lii 	lit>: 

Figure 5.9 shows the ciomtiltat hta-. lit(t'i-.-iY toIprodcllt. tile last-squares fitto 	the admissions and e /olliliitdlta l'-clji.'vd pl vvlol.lv. 'illeleast­
S(uares legressittll v~lll I,:
 

The Simleh ill:<iol l'll tohlilt. (lilt;[ r ejmll'lltkal/ clo-w( it)thcivi'h' t-squares
 
fit 'lhi is
prlocedures(,, aIit', but nilifitlttullt-l\I., It doi.- lint ilwIhtirn 'nlI tl~l.l InIIlic';tlll ciy..ur ()fItlit ot efflort h thrl:l%%v o h'oln ItIn, lt1 )

inspe'tti 
 ti l , ili ir fitIt11) ll' .t+ i 	 rI. fit 'hich f'tl, tl ,is tt hi 
used dledesbe pp) pit+l[liili 
 onit 	)flit.i tputl"ltillflo+ll IllmIV1wl~ltc, I'It't ';, ) it~il~ (lwical t,
atgod toane oftO, I l er.hit lintlo)ll.i tey
 

,11 E .io lwlol l~ t )/ le? s 1+11111+'s 

The rt1'Vss ,illit oniall 
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Figure 5.9: 

Least-SquaresFit to the Admnissions and EnrollnentData of Figure5.1 

a) Compute necessary terms
 

X Y x2 y
2 

XY
 

604 416 364,816 173,056 251,264 

648 504 419,q04 254,n16 326,5Q2 

559 426 311,364 Igi,47C 237,7S 

(30 447 396,nfn njo ?11,610 
r


595 4,45 35 ,25 ln2,2 2F4,775 

521 411 337,5rl 15',n21 ?39,701 

C94 F11 P1,P3r, 2F1,121 3,,fl4 

Sum d,310 3,1](-2,r((, , .j. , , I .qr3,7.2 

Mean 116.421
 

b) Compute slone 
-
Slope = y 7(,_52,374, - (4l_.31)- C9,x0-j 0.786.,18


2
.(x ) - (YX 7(2,666,206) - (4310) 87,342 

c) Compute Y-interce.t
 

V-intercept = -(slnr)(V)
 

- 451 - (0.18)(616) = -29 

d) Reoresslon equation: v = _11 + .7 Y 

data. For dafn'giva nX valu, aI Cat 1)1tYinttl ml(1 ('jm)tt(i toti vacttal 
Y values..]s st.1t1il ift tI lh il slit lot. thi, t w(,.lt a)tOlittt ll acttal 

and predicted %.alut is talled a t,.id(lla. It thi rvllflals whilc t,,llu 

whether ittrtt the im(I wl hel., hliie.tll has (l ' *1 o.d yh It Ifplti'tott 
the esi(tl:tl.; 'ii' .rtlwl th i [itidl t wit hl't tr11tt11i t! m t.h)-I t)
fit the' data %ell. It the 11 .(ld . ;Inv lrit. ., hil,+ ,- ".tirt t l, ti) the. 

rtesidlals, the mo(del dos flot fit thl,i ta %Nvi1 
-'Ilterh m v v al diffli lt thtit gs that caln hf tllu, with l i'fe - 1i 


il s, andt(f no f 1 v r lv ( t' t it lti thtt, Ii ms I Ie: >.t fth'
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Il(ost baicof'd"tht'v- M1,vhi1'h Illljd tw lplltf. lit' r*-+t ; 1d ph l,
. I it, 11..( li h 

agaillst the XVtl it. 

4. 1 \ IAlot / It, It/h il. 

('onllphta tg . ,Idaitll aid pltttitlt thi't agm.ailst X . t ,. ;wcit tililhls 
several things lirst it tlhws t.. to assess whethe.r the lir forn altltimirs tit 
be a good fit to the data. If tl. linimlr for1 Is a gotod fit. %v shoutild see a filirly 
rondont pattern to the risidials nito structur O., s shown in Figurv 5, ()al.If 
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there is structure in the residuals, as in Figure 5.10(b), the linear form does 
not provide a good fit to the data. In such circumstances we might want to 
think about transforming the data in such a way that a straight line would 
then fit the data. 

Figure5.10. 

Structure in Regression Residuals 

a) Structure absent; linear form provides a good fit
 

Residuals
 

* X- values 

b) Structure present; linear fit Is poor
 

Residuals
 

Y-values
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A plot of residuals can also be very useful for identifying outlier values.These are data points where the model has done a particularly poor job ofpredicting the observed values. Outlier values are interesting, particularly ifthe model seems to provide a good fit to most of tie data points. In suchcircumstances outliers identify situations which may warrant further atten­tion. For example, it may be that an outlier value indicates there has beensevere measurement error, or that there was an anast blunder caused bywriting down the wrong number. However, an outlier might also indicatethat this particular data point is uniquely different from the others, and thatthere may be different processes at work in this situation comparedsituations that gave rise to the other data points. This may or may not 
to 
be 

the
ofinterest to the analyst, but it is worth tho t me to identify such outlier valuesand to reflect upon possible reasons tor their appearalce.Figure 5.11 shows a plot of the resi iuals fron the elSt-Sqtares regressi inofenrollment on admissions. This plot indicatfs that the linear form proviiesa reasonable fit to the data. There does notstructure to the residuals. H-ov-e -, appear to he any notice;.ltethe, two largest rexid]uals happenr to xcur 

for the two earliest years ir, the se(uen,1lce of yeaiIrs fNr whi, IIcollected. This might indic'Ite that the 
the data ,vre 

e was skloethi ll LIllIs.al al., at thosetwo years, and it might Fe worth checking to see fit here s sole change inadmission procedures ot some external factrs .of'lnlcing er)I'lInets thatmight have led to these results. Since thiese two residuals do rot alpilear to bewidely out of line with thiL other residual. (t)It is, they AIre n'values), we would prohablyN. 
true outlier 

. rotent wit lh( linwar mdifr il l tiga­tion of those two years turn'd I],) nthing a IllsIIA 

FIgure a) 11. 
Residucas I'mp /11, l/t'rssi.i, o ,/h ,,/ t I W,AA(iltu/ , p fs. /,n, he. )t ( III 
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a) Compute residual%; Y' 
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b) Plot of residuals 
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5.0 	 Measure o'Associ(je,, 
Just as with nonmirnal and ordinal dlata discussed in previous chapters, it ispossille to develop leasures (fassociation between interval variables. Onesuch lleaso re, tile P'ealrson lprodctla-Inlo alenat corre hit Ol coeflicient, is closelhrelated in ateaning to thbe legles. ia lilies Ilist discussed. For interval leveldata W( would iflteljI)Iet a strong aissociationl between two variables X and Y-isoccurriig wheIi l 	 'a;ies of, both variables tenidltogether. A 

, 	 to incl.ase I (lecreasei)weak association hetweil the viaIIles occur.s wV1 Cwhange illolle variable is not related to chanlge illthe secolld variable, whellciallgillgX
dOes not tenl ('itflel' to iIcrei(a'se l (i l ''ecrlase(Y
When the points cluster closel. 
 to the linte, and then'l is 5,01111 >lip' to (hieline, thel there is a strong 10111iatllith'twt'eo tilhe
X aiind 'ilrle. \YVI-n.however, tile bllts l ' tclltl'Ivd lx slv Iholit lt' 'teglessijll hilt', ol there isno slope to the In' lhon ilitlitivle'I ;vssocwatiouwe eel that tilt, between Xand Y is weak.
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l IIII'', ­tltl gth ofJ' - ehir
astraltt~ ltil)xhilp hetweel two ,¢[alh.'sing thl, ter'zililll­-;anle 
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['()lllI"Fgur.5 9).w~wre1"(,;]{i s:-,I,(Jljll.vs fit w,'as1 1Id, o thelt
plot of'c 1"ll-o
li Vnt 'Isis H sall l11>.ioll.,.,I,fII(dIha{tthe,cowr-lathloll hoelv ll 
enollO iliviltY, dIand1 (ll issioHll is: 
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 ' 9 -1 1:11i 1 ,
 

7712,6 66,2( i 1 (.1: 1: 2AI
f 10 1-] 1 ,I.1 ,Gj (:1160d'7 .-


IIOW isthi.scoItlt 10ll Cotici
 
1 ,nt ,tt.,s7 il ho' illterluwretehi'u 1111 correlatioli

coefficient ias a ratlge of '.0,1. to ­ with eitlie' extrellil ildicating aperfect tisswiation ilithe sl'ensethat a straight line titted to the data would 
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pass through all the data points. The sign of the correlation coefficient isinterpreted as are the signs on measures of association for ordinal data: anegative sign indicates that, as values of one of the variables tend to increase,the values on the other variable tend to decrease. A positive sign indicatesthat both variables tend to change in the same direction. A value ofzero for acorrelation indicates that there is no straight-line association between thevariables. That does not necessarily mean that there is no regular pattern orrelationship between tle variables, only that there is notrelationship. Both scatter plots in Figure 5.12 would produce 
a 

a 
straight-line 

coefficient correlationnear zero, although there is clearly ,between the variables in 
very ioarked relationshipFigure 5.12(b); it just is not acorrelation o'0.87, straight line. Aas above, indicates

association that there is a fiurlN strong linearbetween admissions and ennullneat.indicating that as admlissions tend togo il), 
with the positive sign

(nrIollllnits also tend to incrtease. 

Igure 5.12:
 
Piterns O/'S'ahr l11.N 
 nd the Lack af (orr1 ition 

f S ...
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One very nice feature of*tile correlation coeffleient is that it can be shown,with a little algebra, that tile square of the correlation coefficient gives anindication of'the amount of variation in the Y values that is accounted for bythe regressi,,n line. If' we uste the r-egr-essiol ]ill to compute predicted 	Yvalues, it turns out that the squar(, of'the tOr'relation coefficient is related tothe variance of the predif .ed and observed Y values: 

.2 i ace ol'e(licted Y VaIues 
variance of olserved Y valttsBecause the Predicted Y valhues must I, on the titted lin', their variation isalways less thlan th, ohs(,rvad y \a.

'hlls " - , will 	
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variation ill tIh' 
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Fiure5.13:An Illustrationofthe Change in the Correlation Coefficent With a Change inthe Stan dard Deviation of the Dependent Variable 

a) Data Set I (Sy 
 1.7)
 

_.x3__ yregress 

ion l 
 Y3+IX
 

3 7r-0.85 

4 6
 
85 

6 * 

5 
4

3 . 

b) Data Set 2 (S,1 2.3)
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Figure5.14: 
Lea.'t- quares and .ldia, Fittings to a Scatterof'Points Showing the 

Ph~Vsi~al (aa/itt ,"Lt' lndex Plott'dAgainst Per Capita GrossNational 
P Q L I tProillit./'r 4.5 ('u ntries in Africa 

60- median (or resistant) fit: Y = 16 + 0.036X 

50" least souare fit: y- : 7+0.03 

(r :0.31) 
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Source: Tie, -"arch 2r27 P'l i a n 
...r.e..Ti.e.p- 2-27. PLc is an index Constructed by the Overseas DevelopmentCouncil and includes life expectancy, literacy and infant mortality. Per capita GNP figuresare fror, 117F World FanW data as shown in the Tine article. 
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Figure 5.15:
 
A Plot of Residualsfrom 
 the lesistant 1aLeast-SquaresFits tIthI Datait 

Figure5.1'1 

a) Residuals from theresistant fit(excludinq twooutlier points)
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I) Residuals from the least-snuares fit
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as shown In Figure 5.15(a), Indicates little structure to the residuals, al.though at least one other possible outijer value is Indicated (the country withGNP of 170 and a PQLI score of 48, indicating this country Is doing muchbetter than other countries in terms of the effectiveness of social services,given the level of GNP), 

with relativelyohigh percapita 
However, it may be that we would be unwilling to exclude the twocountriesN from ourdataset. It may also occur to usas we look at the plot of the data In Figure 5,14 that a tendency to plateauoccurs. With an initial increase in per capita GNP,there is a fairly rapid risebut then a point is eventually reached where the PQLI index beginstoflatten out. Credibility isgiven to this possibility in theplot ofresiduals. Asseen in the residuals from the least.squares fit (Figurenitely appeara there del.to be some curvature in the residuals around the level of$i000per capita GNP.What if we proceed with the assumption that thereffect occurring,and that the two countriem with lorge percapita ON!' do not 

might be a plateau
represent values to be excludedmn such case, wehave already seen that thelinearfit Is not adequate because there Is structure remaining in the residu.als, One can proceed with the analysis by trans orming the data, either forthe X or for the N variables, or for both variables si--ultanugtransformed 	 ly Data are 

doing so, so that the linear formi doe~s provide.a good fit to the data, Blywe Increase our power or description am, will be shown with theexamles to follow, 

Inl Chap)ter 2we saw the eff1ect that transtiornig ita farin single variablecoulId lai',. on the shopjw of the dlistrONbution of valuesN for tha t variable, We alIso
developed tprocedure for selecting an appropriate transf'ormationamflong all those ava ila ble. 	 fromihPosodtiwtransformation,'e could tran.forn aesvrlOtosoe oeither or hoth of the variablehselection ofan appropriate transformation partially depends upon the ap.paroximate shape oft Ili aetofplotNI data, Figure 5.16 shiows a hielpful schema

de'velopedi by Tikey I177 , Alo included In Figure 
for selection of anl appropriate traflrnrmatio.A16 is the scale of trailormation. as shown inChapter 2. Recall that the original datla in this scalethat tranAsformation 	 t.n' indicated by Z,afnd 

large numbers, 
tp tihe scale towards Z-'emphaiie diflerencewhile move,.le t down 	 nthle s.ale e.phas*along small numbers. 	 difTeren eich dir-ction to mo v along the cale dfepend onthegeneral shapuofthe plotof theoriginal data, and forhaesarehonn'

FigUre 5 6.o. . ....-re iroltin 
ll%( nther eovFi e tio ioe~n t onjthe cal of ransf'ormaltion is the following;igulre 	 ch the curve blges. rhu,.6I, 	 for curVe shape I inT1111 the bulge polntA toward higher V values and higher X Values.

we could attempt toiu 	 out theJA Ing 	 by novi l'etrasformatnion . ftorither X or Y.The bulge frcurv tip thie
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tye IV, onthe otheror 
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Figure 5.16:
 

A Schema l'rSelecting at Appropriate Data Trans/ormation
 

a) Scale of transformations 
3 

z 
2 

Z 

Z orirlinal data 

FT 

Ion 7
 

-117
 

b) Schema for selectini a transformatinn (arrowis indicate directions to move 
on scale of transformations)
 

Y 

Y,lp Y up 

IV I 
X down X lip 

X down II IX up 

Y down Y flown 

Source: rrederick Mostller and ,ohn W. Tuyov. Data Analysis andRegression
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transformation or down the scale tr an X transformation (since the bulge ofthe curve points toward snailler X values .Note that curve type 1V is the gen(eral shale of the curve in the plot of PQLIversus GNP,meaning that if'we ale to st laighten out the tlot,we can do so bytransforming the original Y values, perhaps as N2 of Y:3. We could alsoproceed by transforming the original X values, to ' transformation (lawn 
,logX or siome similar11, scale of trinsfiormaltii.Whether to transform the Y values or the X values is tosituationally (ielienent, some extenthut th(ill' e usually tWo I'actMs thltconsidered. First, Must bniiist consider th, extentone of' the variationvariables. Variabls in the twowith little variation in tilt,'aliasef'fectiv, straightening will result in lessonder Iransfol'lat l than will variables whereth 'it' is C0IIsidtItr' bh,V'Mli'iat toll illhit, v'alts. Stcmetaingl of th, twvo vlitiaiihes ,llYvtol wvhich iii, is ilii-t lilisohF lietmaort, liioaltrgf'ul 1fhf in its 

original state. Forexm pi tnll, a pht o,1ean l I' vI rsu l imepn) aIl v [ilil.its ilote svtll 
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Figure5.17.:
 
An Illustration of the Slope Ratio Methodfor Selecting an Appropriate
 

Transformation
 

a) Points hollow down; ratio of Slopes greater than I
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b) Points linear; ratio of slopes eoual
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Figure5.18:Selecting an Appropiate TranIsI[ormationfir tile PQLI and GNP Datain 

Figure5.14 
a) Find (Xs, YS), (Xm, ym
) and (Xl,Y ), as 
in fitting a resistant line.
 

Using the original data set, it
can be determirned that:
 

(Xs,Ys) = (130,20)
 

)
(X,, Ym
 = (260,27) 

(XI,YI
) 

= (550,35)
 

b) Select an appropriate X transformation (see text 
for discussion as 
to why X)
 

X- XM X1xs 
s130 260 550
 

4X 
 11.4 
 16.1 
 23.5
 
log x 
 2.11 
 2.41 
 2.74
 

-1F "-1-098 -0.n62 -0.043 

C) Compute slopes
 

Transformation 

Slore I 
 Slope 2 
 slopes
 

I (?7-?0)/(26o.1313,.054 (35-27)/(550o260).028 
1.93 _ .68/7 . o 7 7/4.7 1.9 

d) Use rato of slopes to seect a transfor'-~at1, 
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Figure5.19:A Least-SquaresFit to the Data in Figure5.14, Where the IndependentVariable is now the Log Trans/brmationo/'PerCapita GNP 
a) Least-squares line
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Figure5.20:
 

A Least-Squares Fit to the Data in Figure5.14, Where the Independent
 
Variable is nou the Negative Reciprocal o'PerCapita GNP
 

a) Least-squares fit
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fit, theamount of variance explained was (0.31)2 - 0. 1, or about 10 j . Fittingthe data after transforming X values by - 1/Vproduced an r- value of'0.29,or nearly triple what the original linear fit )rovided. From a purely descrip­
tive point of view, we have succeeded in summarizing the data etter with the
transformed data than with the original data.

Better description results in a second advantage. By describin- the databetter, we can also feel somewhat more secure in the identification of'outliers.
Such identification can be one of lie most useful of resul t. fro in such fittings.In Figure 5.20, it is quite clear that there are twVo outI ier vIIlues, tile Iirst forthe value (170,48 and the second for the valte (2590,21 ). Assuming that
neither value represents some error iii Imasurement, computation, or. hlun­der, then we have some useful infirmation in these residuals. For example, itwould be very interesting to dosoi additional research on the first country.
to see how it is that the,,v can achieve such high levels of' 'ficiencv in socialservices despite fairl , N Iw levels of petr capita (GNIP. On the other hand,investigation of the Second country might yield factors that inhibited tieeffectiveness of'social services, despite a |.tirlv high er c~ipita ( N'. (ollipr.­
ing and contrasting the lictors ill hoth count'ie, might he evn more 
productive.

A third benefit frun tuclh trainsfi'riit iolls 'oil(i n., h'ef0'-11 otlt ttself.
Educational plannei s 'Ie over gng to he cO Ic'ultd with tr' gill"tIi dis'oVe'
natural laws," So i l' iltii.tlhar fuinictioin t1h;i i, use Ito fit itil' dit;i Iav 

never be of' conc( I-1nor noed inter'iti i'ill . The"gelle';Il ti ll IlliV bheof'interest. however. Ill the fpiriv'et ixiliolpi h ls ht fit .1 ti'.vidtld by atranSf'orniatiiin which, if' r'-triibiiwdiii ,to thori'liIil data, would ia
plateau in the(fit. Iln Figure 5.21 I'QL.l i, plotted against tGNP1 again,with the best trainsf'iu'niid fit ('lrm Figuret 5.21 IY' tI 252X. VloTm
X kI(hN-' il(iicatil o thele t. k l ilt hicl tctile it thotefectlivenress 
it social services plateius after a cettaii live! of( ;NI'


There is >(lll (\'i(l c( ill at
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vid d 1) tlei l' .ii h v h 

is fl'tel I'tpail d iiint'r; d,'ptl richiiss pro­
bi tter dvi-ril lol

outtlierl ,'l l (' [ ila Ill+lI l of' ilhi'-
Itlil iii. Idnlti icti n f' 
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Figure 5.21: 
The Fit of Figure 5.20 Applied to a Plot of the Data in Figure5.14 
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<, Reg rssionA nialy s i ? 1~--

Svariable is related to more than one other variable, and that both variables ~ are Of interest to uis, In such circumstances,variables that we believe to be related 
where there are two or more 

regression procedures 
to the dependent variable, the basic 

can be extended,One extension ofsimple regression is called multiple regression, where the 
word multiple refers to two or more independent variables. With multipleregression, the technique can be used for prediction and description, aswithsimple regression. It can also be used, however, to assess the relationshipbetween one of the independent variables and the dependent variable, whileexcluding thle effect of the other independent variable or variables, Regres.sion as exclusion is a useful tool for an educational planner, although theinterpretation of thle results depends on factors that may be easily confused,We discuss these factors in a later section.In this section we will again return to our simple example, first introducedin this chapter, dealing with admissions and enrollment data, We will also 

; 
make use of the column of data in Table 5,1 called "applications," whichsimply the number of applications received is 

from.prospective students ingiven years. Thus, for each year we have a data point that is a.triplet 0,X 1 ,a 2 ), where Y is enrollment, X 1 is admissions, and X 2 is applications, Thedata for the first year, for example, are just the triplet (t16;604;1178).These triplets can no longer be plotted on a two-dimensional piece ofpapebecause there tre three variables, but it Is possible to imagine them plotted inthree-dimensional space. Multiple regression withvariables amounts to fitting a plane to the scatter of points in three dimen. 
two independent 

sons. This is entirely analogous to simple regression, where we tried to fit aline to a scatter' of points in two dimensions. The basic form,independent variables, is: 
with two 

Y' a + blX + b2X2, t5 1 ')
where a is the Y-intercept and b,and b2 are both slopes. 

7.1 The Filling Proc('dlur. 
There are a variety of fitting procedures for performing .

multiple rv­gressions. Which one is used depends findanentally on how large the dataset is, and onl what kind ofequipment is available foranalysis. Ifthe data setiti large, atcomputer is required. What fio large depends to 5dme exStenit oil theindividuiil analyst, but anything beyond 50 UnIlts becomes quilte burdensomefor all but Ihe hardiest, In sUCll cases a computer will routinely calculate thecoefficients that define the( fit ito the actual datit. There. arepackaged computer routines which perniit diita ln 
now available 

r rn tillons, plotting ofresiduals, and other tchnitlues uled by he caretful anialyst.Assuming that the dtia set is sill to nioderate, however., it is possible andeven advantageolls in sorme respects to do multi ple regressio-is 1.
is aided enormously by by 1ind, Tit,
the use of a hand calculator. and there Mecalculators now 
S .tions with huilt.n statistical programs which will compute coerelr.and the slope and intercept for at simple least'sqtiares rvgresion,lin 

.
 
.. ........
 

V 
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whailt follows, various leastsquares fitting procedures are indicated fora
multiple regression with two independent variables,
7.1.1 A least-squares fit using a hand calculator having no statistical
outines. Without a hand calculator thatperforms routi etasisticaicopu


tations, one needs to sot up a table foi-the orderly calculatio s thatmst be
 
done to determine the intercept and slopes that def ine a multiple regression
equation, The basic table for these calculations is shown in Figure 5.22, for
the admission, enrollment, and application data, The steps are the following:
 

Figure 5.22: 
Calcul sfoi-

. 

erfong a Multiple Regression, for the Data on .Enrollments, Admliissions, and Applications as Shown in Table 5.1a) Computenecesary su, of square andcrOs.-products 

Enrollments Admissilons A7pp-licatio, 2" - I It I V 

6 0
447 0 10." "6,900 ',O.0 281.O14:1:::: ....,140 


445 $95 
 1156 198.02S3$,02S 1,3$9,554 4, 128,610 13.77

411 Sal 109 1 
 168.9711)7,541 1.11 2),11,1,025S410,045 63,195 

194 

I
IOS9 21.21 481.636 111Z1481 354,614 41, 149 7341$41 

mans~~ 625.7 109101,4 
D., 40.6 45.6 59.7 

$ures3160 4310 7il9 ,41C474 7,t'im 6,44s,775 1,455o), 4 ,43.41e 4.7,77 

1. * li 

11112 - I, I44 - 1((€1 ,4 45,13___ 7 0 

L*7y * l bt(I (T1 ­51A1.41,4711113.716 * IMA 

u , 1 .
 0.o.... 

. * Y . 511[1 52 14 * 0 16(i11,?) , (. t ))6I0I1) * 120. . 

l'~~hu4'* 1, OItll 0 23LY 7$Il " 
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Step 1: Sum the values for each variable. Call these !Y, XX1, and !X 2.
Step 2: Find the means of each of the variables. Call these Y,X 1 , andX 2,

for the dependent variable, and the first and second independent
variables respectively. 

Step 3: Compute y2, X1, and X2. For each variable, sum the squared values 
and call these ' vY2,V,' and EX.

Step 4: Find the cross products YX, YX 2 and XIX., for data in each
triplet. Sum the cross-product terms and call them .YXI, 

XYX 2 , and X1 X.,.
Step 5: Use the summation terms found in steps 2 through 4 above to 

compute the following: 

x2x .X21' -- N x.A' y 

Yx,.y. . .X, Y OIN,,I!X,) (IxY 
X . c,%, !-XX.Y 0 /' X ,. ) 

Step 6: Use the values in step 5 to calculate the slope and intercept with 
the following equations: 

slope 1), ­ _2-- (I5.11) 

slope h. - I ,,,, . I 0 (5.12) 

in-tercept ,I Y h1,X b.X, 5.131 
Shown in Figure 5.22 are the niaputut ions necessarv for finding the slopes
and intercepts for the eniroflintt data. As shown there, tht fitted equation 
turns out to he: 

r" I lr i • 7 s,Y (II:i\X, 

Htow to inltitpret thv., valies will I III syvedlill aih;it(Ir section. 

l-,'q7.1.2 A ot. or,s lit. Iia;hIl, (I h tll d ca -llator Iwlrln)g shlistic l roll­tines. It is far hls tIr'eslm, tI do a h'a.t-.li,:rs maltiph, regression if the
analyst has at hand a calutor w ichwill 'oolptt clrrelat on coefhcients.
The data are sinply i nttred into the machine in the manner approlpriate for
that niachitn, and corre~lat ion coifl lilt., oh Ini. In or ex.,ipe, e would 
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have the followingregression coefficients, youoteghre ..... three correlations.-, 'sA*I' rl\.,.oef, 	 , and rx ,cintyoualso need to have the standarr.	 To com pute. ..Oftletof the calculator,re -riantes.Thlese Y2.'"b a n d r. 	 forueach+ m r dreviations for each
erare obtained from the pre-programmed

informationinfote n 	 equ tio s g ve routinestaleatrOr 1y use of the equato, 15given in Chapter 2. With> thisin C a trthe regressions coefficients 	 2. Wt ehscan be computed as: 
slop( t ryr X:I - r"X2rxX"Slrpt6- S YS
. 

-

(5.14) 

s lo pe _ry_h2 - ' x x1 .Ii. S , 	 1 5h1 ..

where r, 	 5.15,is the cO rht ion betx ee ribh iand /, isthe standard i t vo a iskn o n 'iiassstandardized regr1:,," 'kinats bi ils 


atinr(,*Figure oa 	 )52 .tat 	 /. v\ V,.2,iPi1,i%.Sli+ l s l ti<ll)ioii.tsaPPloach. It 	
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If n f o .t 	 t' al.. - t.,< l t 	 l onr

"vtSh' n +r/ 
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Figure 5.23:
 
Computationtof Multiple Regression Coefficients using Correlation
 

Coefficients, for the Data in Table 5.1 and Figure 5.22
 

Example: r = 7(l,955.3741 - (4310)(3160) = 0.874 

x1Y (f-7(2,666.206)-(431o) ' f-7(1,A3F,24)(31CO)27 1/2 

In similar fashion, rxy -0.213
 

r :-0.0185
 
X1X?
 

b) Use correlation coefficients to compute reqression coefficients
 
[ik - ri-rk 

where b - the reqr-ss;nn coefficient for the reqressioni.i~k of variable i on variable j, with both I and j 
linearly adiusted fer variable k (see text)
rti the correlation coefficient betwen variables
i andj 

si the standard deviation of variable I 

Thus by

5 I !*. )9.) ,. 

Similarly hyxl-X ? - 0.77
 

a) Compute correlatlnn%, usino data in Figure S.?? (Y 
Fnrllmnt, X Adnissions, 

X? Applications) 

(Xlx-)J y ­
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Figure 5.2.4.
Pots oi?'esi(idlsfront th, MultplE egretssion in Figure 5.22
 

a) Residuals
 

Y X1 X2 
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b) Pesiduals 
Plotted versus y 
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Figure5.24: 

continuceI
 

c) Residuals plotted versus X,
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It is also possible to comipute R12 directly fromcoefficients between variables. The formula is: 
the simple correlation 

R2 = r2.\'I + r 1 'Y2-- 2rX'\r 11 V2rX\nx 2 (5.16) 
21­ r 1 -XFor the enrollment data, using correlations found in Figure 5.23, we cancompute R2 directly as: 

R. 	 (.874)2 +t - .213)2 2(.874)( - .213) - .019) 
- .()19)2

:. 80 

7.3 The Interpretationol/'Aultiple Regtression Coefficients 
So fa' we haive discussed 

ie(hlanic's of fttt i 
(Ie 'asy part If' 1ititjiplt regression,i iaart iii ' 51'. tte'i' miit. 	

the
atiil then t'xauiiills, tran.usfo'uiwis 	 fig residu­tfhe data if etvsarv, and cotmliting suNow comes 	 ryitniitatistics.the moll , (lifficult (qIi'stiiil i 'how to i t'irpiet th coefficients.date v,' liav,'( ciledh t Ithe/ ii,cfic'vt ts 'hi- J t's."oSit1ph,1 r ' ,.i' . 'l'hi s i otI1 Ii%wn' 

a 
I it 
nalogy 

td. 
lo the cast' if'thei fShis tel'i 

a givelt "iidt 	 T 'Ico feticie t itinde-i '' vnt,.pende(n'ltl" (', 4 Is : >op'., hut i 'aiiit he,il ' tlh t o~therl 	 'n tjrii't;lm clilll,'ill III(- vI.q l(..- s 
' l u e­HI((ll I iollolll Fi ll (exaril­

pIe, we saw thl thei fit ti the enrolhtint data wis:
 

P' I1Vk. - .78s.\V 0).1: IN'
 
W'tc-11-t interpret the value 
 ).78 as the geueral inct-a:e in the depeldent\i riahh,' wit iiiiiaI% .h;iu.' iii .. 'l'H, iiiterpl.i tit it nil t 	 . l t'"iihllh thiil thisiliiu'i uiiii i tt'll, l toindependt-ll 	 l thi iahi* ltltl ',aif1;1lh ,II. 	 .\' Ifi it I11111p 	 Mlolt'nt' mli, el'l , lo:..lll 4'1 l1alloll. ll [ii o 

tll', I M~ )w ,m 	 l l[il~ llIlof,'l' ,. 4111 o hf . l~l~ ( 1, ( al Ill-.o }) i llmll(, %%.tibll v l ll,tt.the co lihle h , > f (it the , rldeplldrinl,~~l :1r1;h,ThWeIIil, I10 ll 1,1'.l p)l i[ill l of 4 l' l roh-lt' ,(ol]¢ lll Ilke. 1) '1, ,. ." l1
 

l1 11h1i"li ig itt ithI, ll ij 
t' il t1t I lill , lt''' tf'' N ;I l'l 

t ihi[ l;lw('ls;, l ['l 1llt~illi ;itl I l l [.. t' es,.llll ll, I I H w>. lll'lolo'ig t lstl'iltv a llli 

ll i l l lilt,hillIl 11f}I ill ttIt'' , i0.giY al- 1f itij l hI"IIlll~ooI '~ llpllhtf . I i , ' ll 
ulll l lotl, 

ef ( 	
'n zt T il lll Wllli !i) h(, cI.g l lll ! ;ii'io -. tl, III1-,; ii , t h .lli l. }l lm it I, 1]-)1 il \11

1111(. ' f f In'l ed' (I p zll-, illOw , 	
\'' 

. l i ' n ­ r l ml , . n t d d ,
As ,,. w ill Jll1l,1rilh, kltll elhqrollmont ' dafoli, it "\%I, lak(, ihl,. f0lh1steps, we caill coi l 	 v ing.vill ,h e l'rl~llq 'ovifi'iv'lldoll, to com lith h., 	

l ,l llil htl.. co ld Ill,bill (1111Y' Nilloll, hll, di c ,Cl V he~n. fla flhj.Iriltlol I
1, [Perfol-r ll it s;iiii)Iv, [, I_.lli esI 'Sn - l'l-l-ssi ll of," Y ()If X ..regr'ssion 11il0 h1 colln h	 

I,. the
re'siduals.thought of' it' , "l , resqi ls can"Y iadusfin. 	 be 

other wo,' 11iill.,e residuals 
I 
itn 

hv linealr O'lec't of, X, oI Y.- Injust the orig.inal N,vilue, %%-ill 
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the linear effects of X2 taken out, or excluded. Call this set ofresiduals Yr. 
2. Perform a simple least-squares regression of X, on X,. Use theregression line to compute residuals. These residuals can bethought of as "XI adjusted for the linear effects of X., on X,." Inother words, these residuals are just the original X, values withthe linear effects ofX, taken out, or excluded. Call this set of'residuals X Io. 
3. Regress the residuals Y, on the residuals X I. The slope of thissimple regression is just b, the value obtained from the multiple

regression of' Y on X and X.
 
Let us interpret this set of steps is simply as possible. Essentially what itsays is this: a slope coefficient in a multiple regression equation is just theslope obtained fro in a sim ple regressi onof Y (onX 1 ' itaho/h/ ibeen adjusted for the effeets of 

adll X I ave 
-,.Figure 5.25 slovs this inreoe cl-lN',f6example vith the enrollntent data. The regressiom onft he twi 

the 
sets of residuals(i.e., Y and X,adjusted fir X,,) yields the following equation: 

Y', 0.)1:i * 0.78NX
 
The slope here is the saie as the 1,]
slope computed fir tii,,multiple re res­sion of Y on hoth X naand X,


Comlitiing til riultiph. rgrssioi 
 cl'tticitvl ill this circllti ls lliller
aids ill ili, iutelpr ttion of flic equiltols. ' ,tao ete ll %
no , 111tth il'slope coefthcie t /) is the change illt ie (tpelidilit aiilillhn for itI. l ll'hallgeiin X .but only fer boi/t X i ha~Y rlad e ifi aIijutel fillof, the, othert Illdepelidhllt itr'ialehs Ilin thi lieii. eiectst(- r(,vz"
v>si,,l 
 With til:, i%(.(.;Illlp~rocced to 
 ililtrlpi 
 the, Itill 111111tiple' r'"z -rIl t-qutl~lion
 
N' i:t.8 , .78)X ().I:IX,. \Ve iuw set, that Once w'e 
 ldjIl';t
t0r siiiii­taneotIs tllaiig ,sill aplplic;ltions, ill Illreast itlIll(- fill r of'ild Inissi,(ll h ,­100i will gen rall y result it)n , il ICI-rf st il till IIIIIlIir fetniiliuii.ent. by 781 
()Iwvi ut "i r 'liIIif uhutif llhitllltIiI Illh ,'l It' 

II I , I' 
l Ion
 

(v 'ili h.'iiilA~tI/(f 'll . ohi(l , d., i l r ' , tIf. uhito' .l ('111llti111i" I ttll i t'l .l- i I h 'll-l il I(Iii hIllI . ; h il 1,11 1il l l i, t'1 ll JuIll, If Ih r,I r11 11o l 

tilnu t ti llt ;1! ii;aiuItI 111i. t I(.tla l, ll uI it ll l hl \i llhit, \ ,,itl fi\waI llllftli iii1:11t/llilll 11))1 , H I 1 wIuh. \'fi ii ii i2 %lll lt It 1 4 q wh I l'I lho ,.t1% r luhl t14-1(':1111-11 h1.l1 h v*'ll uu ,di\;n (tl -f t fIo ' Iilo I l n |1111,. .
Ct.'ls\k'Cou)ld[
11111"-uh*.l;,I~tl;I+kl1t ., h +fl l+. , 
r+I1.,.II}.
h,~ + +r~ l~l 

("~mentl,,"" lh, / If i h qwh~(I',,'filt.\kuhm II ,ll. wfill .1 1 \('I\ro ut}i 

one oft'he indvi ildevit k;r b +. h idcdt ]()Ill, 4ill] ,,ol; fit, n[tcvf le dafter adjutl lent fll l't ltiIt.wo1;S
"+w ch;arutl, o( IlliIIIno , ;-,,i +ut , th o th e r ll1) 'wh'4.il he llf\ , lq l, \%+il .1il l'll + P? 1 ' Ii'll '1. ,ltloll1,41 %ki%the II1(hpldi~ 'lll-, lt \(ol ,1,.I ll'11 tI ll~clifo ll III, I l U ,,,l., th141 %%ill .]Ill-('Ithe o~ter lw o litt, i llI,'yIII
1' io .. t l,pii I o1 hl.,fill-tIildll-,ti'rt \
Inotlikely to Ill, ind iled hi\fill, 1 l,, 'Ir- pit
I llI1" .'lll "o l '"I'llict' 
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Figure 5.25: 

An Illustration o/'thelinte'rpretituno[A lthiph,Rieg'ressionCoeffioientis, Using
 
Dat( /irwn Figure5.22
 

a
 
a) Regression of Y on X2 is: 
 Y = 610 - 0.145X2 
b) Regression of X1 on X2 is: 
 Xi 631 -0.014X 2
 

c) Residuals
 

Yr=r XIr =
 

Y XI X2 Y-Y' XI- X
 

416 604 1178 -23.7 -10.6
 

504 648 1097 52.6 32.3
 

426 558 1006 -38.6 -59.0
 

447 630 1078 -7.2 14.0
 

445 595 1166 3.6 -1g.7
 

411 581 1095 -40.7 -34.7
 

511 694 1059 54.1 77.8
 

d) Regression of Yr on Xlr 
 Yr 0.13 0.78Xlr 

1l ,0 1t ,'' , It .. ith I l ., v K , I '-h p . rllrIIIr 


, l . , 1, 1,.1t,i-t , l 'l ( I IJ[). 11Ili, , . ) . d~,. r , IItlt l o , I )l h l q~ -' IIt 

t'1111,1d i'l Ill,' 11111i, t ,,t ,I (hc -' m I o . .- l,)11. 11%H(H)1,)t m .1)(-. l [il W f-' i ) l dh 
llhldle t h-I r,£l - Hil)) 0,01' :;,-I'm ,, 1;(11111-',111 1 +"+)) lh 'l~l h t f 
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applications could be held constant, we woul expect about 78 new enrollees.Since the nuiber of applications is parti ally beyond the control of an educa­tional instilttion, the filet that we can interpret b1 in the above manner maynot make any sense in terms of what is possibl ImefroI Ii IIlost cases we 
a po Iicy stan d point. A filla re not lucky eLogl toiiave slicli Ilow corre I"Itthe in1(h pende n t varI io he IweenI iIl es. In tI ,secas esw sLI1 I(IIlt elidea Vor t)the coeficients as Iifterp)., tthe likely efiect it we counl hold the other independentvariables t' nltll. 

8.0 Sumnilov 
This chapter has ciivetrd a viri t , t clhniqte, and praecttdtirti, appro 

priate Io' the anal w fisiof' riial le, el data.dependent 'ariable W \ we. wi ih to ri'late, oneto te itehlie(Ihnt variale, ifp itgr,.;ioIIntav be in(licatel. Th analysi>isIIlvtlve., as a firl ailipritiliatloui
ueline il ing a tIraiglitthe sctit f' poiints. ei'i+iIscrilled, includinu. if r' dillerint liting4 lntduleusIkt lit u. t-di l,t vr dc-I1hI h , t_<tis very'+ co 11 lm t lt, it. \'.hlthld *'toulj d lo:X×lill nll lt l l le+'>l(Ih£on., ('l .; ll 1 ti, if the.ll+ I, 

St LIt IA ' l i t n( i' t il I; - 1 lti t. i ill f I,I '' I ,( ( i ­ at ti a -.it l) |ttc p1i ('ua I I IIiawiiimifl h ii,F l t'i lir Ill Ilh i Ii (111 1r,11t, hI ti i ta loll,i'lhra Ii (t 'i.. it- .- al a' l. ,Hh1r lItJI .Ilt ) (bt' tIl ia ,l' l ltio n+ itii c,t ll' l ,, l t r tl+t . , ~%%1,l' "/,trO' .'Ifr l , " , t -1l111,111, n a \ j IllIT , il p r dh11+!,+n+,-t (I-(,(I. 

M lultllph . I' :ioo 'ii1h41t I ill' l'" - , I .- -i. it-h I'tf tII , 1, .[ t * .,' o' "J_ ' 1 ' l i I 
rzilo w, ]z d t I 1'[ 't . I'A lolll,p , .tf th\, +~ l l - ' , t +,-Ii, - ,l ++p, rl ' [+ +d et' ( 1't'i d( 1w lt, , .I', . 

lhtL ot~ %\ ,' I%kilhJ t +,,, 11)(1, j l , i t t '.. litld ., NJ+o -I~ h ,{ P-llitiltlle +l+ If,,Iln .I , ' ,ltillil. to, 1~,1'-,Il, 111 i I , llp- I,, ' Ill I~',to 1 1i; Il l, O wh 

l -~II -1L1 Il , l h1111I t Ioe 't e . '+coe, 
h ,Ii IF,,:......" i , d' thh t t , 

it cll ' l~I\ ll O w " 1, 111 
i ! 1 1 , % t l o 

rl Lt II , II [ ] fil 

! I "1' " / , I',1 : t,o 

111ll1l1i(I o j/ , 'A,11 w il I l lI I t hool In 

.,Op!lI lIi+tl..ll 
r+l 


ll ' lt l l line 

nli l t+;I [llc,.
 
toli l+ll
lal o co,.llt~ lo-ll1 
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square of' correlaition coefficient
 
sca Ie of, daa t a nsInm ttoas
 
Multiple regression
 
multiple correlation, I?
 
R squared
 
collinuarity
 
standtid 
 zed regression coefficient
 
regression as (l,/criptiou
 
regressiotn as 
picti oln 
legleSsill ,Is (xcIiliOll 

10.0 	 Pr ctie(E.'rci s
 
Table 5.2 shows data 
from the North Centralfluucations. Th 	 data set enrollmentI 	 oa ontlt a points were .chr)nmly selected Iro n
dist ricts reprtse tfetd 
 the ,136 schoolin tile lata 

;.oth ti, 	
set. Shal)n in the tI)le is illtormatiall oilaverag , sa lay fthe proflesiaaI stafflin the district and the size oftile district tin lIht11'ers of, sttfents in 'holsaWh(n In'stigating tit(, iill)p1c; o!, flucttlting (.11I llhiillents oil tile Cost otedulcation, it was dis5covered tha t tile,I'elate( to '() . ,Sllp 

11 izo. tilichli (iistlit was also ciasvN 
district Size, perihaps 	

( yl' lI a.ll naist itit iei l ;. :l',ss averagesah,l l )witil tile (ha tial Ilis will ie uset ill I later Ilul/.iflht 
re/gn(ssio thatitrendsl,. sPerf'll the ,fIlhNil4w( hl ilch, iltformatimtteps ;IInd collljp011 ,,both 111 Illtdl 	 SizOhf, etill t vourntist 

St(' I) 1: ')'"1 ; "'l."ge dhl' ' NI~l 	 ' -1100 distric~t size,.Step '2: Fi t a ye ,stt 1]1lIe It) IheStt' erh~v'lata points. WVhat a re til h(,. p'e
andI intercep~ vt z(.' hitelrtestepl:i: l t thl ..hJlpe,F~ita h <-q~~,tile slopeltl ici tvie mi~),4(t luetoInterpretthescat hlrtileoffloints. Whlatarvel,'. s lope . Does this 

hIcast-mitiares line i, elfl uc'h F'romrth1, res istan~t fit'. It' so,wh
beoeIllgh tlhis 

tilcaels 
Step 4: 'iot residuais fi oi the Il(ast 511it.0. it gaint size. Is tlhreStrut urel'l to tlt,' r'v'4idlm;ls?.' f o, dectidh, oil a ll pp oprviate da;ta{trarl'or l(ni+u I thI lll }gt (.1lim mric the, dtu 'tu ~ep~resent ill [he,residlj lk.

Step 5 : ( 'oywtutv , Ihe, c'<nrf-,I1i,,n coe'fitcienl t'l , 
 o 'vrage' Sala ,v andScthoo l dlistric~tc (fi iill . -'i/4,. Inherpltv, the s(Itim .( oft' t o cl-i(<vrI.-Ition 
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Table 5.2: 
Average Teacher Salaries and School District Enrollments, /br a Randomly

Drawn Sample o/'25 Districts in the North Central Data Set 

Average Salary 
 District Enrollment
 

284 
 276
 
268 
 204
 
299 
 192
 
263 
 491
 
291 
 639
 
285 
 752
 
278 
 379
 
304 
 614
 
293 
 591
 
270 
 538
 
290 
 610
 
251 
 478
 
296 
 448
 
266 
 322
 
248 
 352
 
304 
 644
 
298 
 342
 
277 
 674
 
344 
 1667
 
302 
 1019
 

283 
 1383
 
280 
 4374
 

300 
 3943
 
301 
 6073
 
424 
 8457
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Footnic tes
 
'Another example using information on PQLI and per capita GN13 may be 
found in Morris 1). Morris, "The Physical Quality of Life Index (PQLI)," 
Development Digest,vol. 18, no. 1(Jan., 1980, pp. 95-109. 'his vork came to 
the attention of the present author too late in the publication process to 
permit more extended discussion and comparison with the analysis provided 
in this chapter.

2With this example, there is a third criterion applicable to selecting which
 
variable to tranosform .The scale of transformations is appropriate for use 
with non-bounded posit ive nuinhers, such as counts or aimounts of things. 
\Vith bounded numbers, such as percentages, or ill this case with tile PQLI 
index scores that are constrained between a minimum of' 7ero and a 
maXimum of' 100, transfi1nations other than those dealt with above are 
sometimes usefulI. These transformations are somewhIat inore complicated 
and not deaft with here. 
"As Mustelle r ind Ta key are fond of saving, these variables are often not 
independent in the sense o'heing individually manipulableIty someone. It is 
usually the case that an intei'veiition will disturb both var'ilables, unless in a 
strict experint('ntal situation. IHence some analysts prefer to call these 
variables "carriers.' "Independent" has been ttsed here because it is the 
traditional term iitd is found in other sources the analyst may consult. 
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CHAPTER 6 

How Educational Statistics Can BeUtilized for Policy Analysis: A Case 
Study 
Noel McGinn and Ernesto Schiefelbein 

1.0 Obiecties of'this Unit 
The purpose of' tiis unit is to suggest

etistinlg dat0 ts'e~s. tO pro vide' i 
ways in which la)nners can use

f0llation of' value to decision makers andmanagers. Tie plin is to discuss hlow to: 
- hntli/'l, usilig tiW present statistical system, those ti'orblt'c,,s of'interest to decision makers and aninagers: 
- Design and carry ot a i oc(duir'i hi .s'uImpliig existing dltla filesto i)roIuc e tliihlt dlta Se;
 
-
 Design and carlffy out a procedure Io'r rapid hand thtbilnti,,n of'lata frnll the slnipt: and
 
- (onduct (I-11/i'sc, 
 of thse diata and preseit simple reports of'i fli ngs. 

The unit is dtsigntd. t hen, to sugg.est ways / it ]Iic' ,Xisling 1d(iSO mlJohd'nd/11(1lh1 ta c(m bed to gemrah,'i c/id

Uflits oil educational r'sea'c_,h prot'cte'( 

inb to'ln1i, n- t supplant
l'. It does 
I s, LO' (t. it ri'('teldiqi stiol° n o to c0\e'O ef'Iil]li filtli l iii'i'ds. The iifit i, I(ilh'(,s ,f to plalllers with thesekinds of (lUtestiois:
 

I Iow calf I o 'galifie In N thtist ti. lI
lionl (hmall(l.s of ic ti ) resmlade( b'y ot(her' tart. i Itow ilii'oim;­of' tOw M]ili trvN?
 
-
 With no i lcre''ivi a iiigit , how c ) I fuip'uu,ee,( to ciari'Y t S(el,basic anal 'ses
 

-H w Can I ili'i'iilii' v,% iheti 
 'r(I'X tiig (L;i ar' ii:'t ll iiiing asp('ts of assess­th ('tiniioiig of the , NSt'ili,' 
- ('an (il illri '(flii'aitionIal statistics Iv, iise'db to ism(,,s SN';tvllpol ities'. IIow . 

ThI unit assimes tii t the ()lic (it luhiimlt, know,, what it %oul like to do,al what it nit'e(S to) d. but that it has heen iiah,l toconstraints of' staltt 
do so b( isi' of'hith num ir and level of tinilingi and timl.Thl procedures d'scribid also requin'thvhe idloi, ,, c'ri'u' Ossumilion.s: - 'Most policy i,,tcisioi al low i wide, margiii lt''' al iFew dleci';sioMs require( highlyN mire'or 

Ire'ci iif'ormation. 
- D .ciion mak(,ri's ii fimalage's lied ilf'latolih lon', i ilprete'r 
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(i sickl' supplIiedal:ii lyst's, %e,ifiI they a re mo'e Iilliited in scopeI det'her inflonrati'nn that is hll'ilthlceld more slowly.- Most if,the, iinitirmilitl0il.e(iof, ti ia gers tlcisesnillalce within ] prfe'or­('i',c e iatl'ir than it' os two (i. Inllre cycles. 
Thl i yi'he ' l l tittil tctdby n' ia gt'irs si'I'\V, SWt"T il ,,S.
client atulientces lii'ed to 

I )IIp)os Viit';LIShe illfott' dilaOut the It'otiI'niance of' the system.The alministrator monitr.s the prgiess il'projects, assessing the nleed Col'changes in ditetion itl' inputs. ()r tic dhiliIly he utsed to detectt Irolemsthat reqluilre the design of lew project'.ilase,, thIlle lth i' ii;ili gt'r' il ld de.isiot) lm., seek infolrlation tha iss/)fi iie /r thoul givend It is at speifi'ti pirojectcoul'c ted',a splecitic, thaitt is (valutattil andiidienct, that Is iit'•Iiied. ;I specific set ohtiplits that aletiljisted. lh Illtil i l' . ligntc t' l'ontid hout g 'leralizing
tiiall ibl ihe 

Thi ',llic lli 'lr .ot'Icitit1 ty is) ili'iliid 
hetveen the,k.iiil 

to call ihtt ltioll to th'(listinctill 
death, ll] mtinlo'iti,,l;iitilsis dl'scrih cldt in lllil.()If sociafl in this p:is l''antlthe,kind.scivm.vresvil'-ch Inc hlds.'Ilho.,. latter rmethodIsaift I1|()sthe'lphi l'u
l 
 e, the ph~imcr wantsll~ to)knowV,, I1)\\'to- . ci'lassn
plrolemsl 'I'le,liolhods twat:H 

hanl ~it of',dinthlis
ipaper,%.%\iii he,most hhel' vltl the, 

Vstemt 11 r itill. 

2.1) ('on a I'1 , ' / /n' 1,'1 it) ahi ist,r/ 

TlnningiS~itlil is l ttllit',
ili llhi' ctl,.Il illithI, aill lieil itslr x irallhtlr . ltil'i >l'llliliiit''t l'l t I)ltiiill(.i dIlhlilll ;itcvlllll p;lll oflthelly11 'lii i' iiosllgutll I, zltill,iisionsI ot tiori ili))mi/atiunnl processt:-,. T xpllc'illlv, this ilv"<illsill <liltlv.' itolll ivl,$ Ill 
i 

0. 1V 'l<,Ill all ] ililiei re;1"(
totatl ,
isollted friom~l1th1.l itM ionlof,' Owillil1tl.r 
 ;ilidml'lIilnih,(t
r'emi-chl thail hti rl-xvinig
oll(
1i;%l 
 h.,alt~l
l.t\, ill,illi t i l~pnI t of lh ,114. i siiIbtluwhith 1111iell ryxl1, glim-eltr "O wlr ,fltlkl Ill ln ill,.lwlll vil'. .,,( //#+ 


M)x'lrllf , llh .­ ,*;llil.llll I i.1ir1Ililili',l, 1t11,\ I,
 
lbiliwd \%IlhOff, %> IIIilo ll, l -tilo i l 'w , lik loliX1,ilill1)iilhm% t vl )-1.ltlol,+fl lil(A ii i~ i l 
 , IHuf. comt11l1r1 i(llmul' ol 1th1,
Inii"IlYr\ ­

()Ile' lpo ll,h,.lilll 1 +ht ii>inor ,,z!iIll f+ imii,
l+,
tit la l I 
l'T ho ltl+wn nllilll).i hI i , ('il 

m J 
i i i 
 ,tll l.lf ill I ( ,J1' fi'.l d 1h ' 1iil11l<lr\.N., Ila t'lt,(4i' 'tr i,+ AIO illll 
 !1M i!'m r (oiU.1 ' 

dvlt''ihll ,+l ;Ili]\I l 
Ih , I (Iltli ;l111(IIll1 i11p, l.,' 


tprikihlgo, 
oIahil lli! h~ll l.,!'illied O f -,h1) '-,lliiri(if
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ning and irnpedt, ja systern-wide co)'dilation of educati i al eff.ort,A thirid al tern ativ'e is hi existirg of ces of'pIannin g tin which they find themselves, the trap in which 
bro'a 1kout o/tht trap

itlhr they aoverloaded wvithl ill hic tie leIeithr tey re sohated or
the syStem. 

a series ofltasks that limit the extent of their contributil toTihis breNIkuit requires first an anal , is of, tile in fornifationreti lnt f' the]'a\lions d'c'ision tma'krsalld inaligers ill the systeiandall i ssessliiet oflllilt anleei 'tanini 'That yt'itlirires the planlner to under­
stanld tilie perspective of' tlhe mnan iger.


To sI Ill ar ize:
 

- Planning often is difficult bectuse of the position of' the office inthe millistry.
 
- Plannters mlav he 
 aid'' to define a Iolre effective role by ananalysis of' iniformat ion needs of' Inanagers a lid decision maklers. 

2.1 ll' l"duca/ tila! l'h amingl O/fict in Paraguay
The Depalrtitnil of' E'ducational lahnningz IIP)ll] had Ior Sollw tilne beenlimpatient with its inability, toint'lut,nce tilt, opeJtration and dit ection€t'cucalionl ill Paraguay,. Tlhe, count ryNis ttldhergoingft I~rul'd chme,. aid e'ducat ion 

must he orgaltled h Illl t the chalh lg,'s of'tl' futti'. Hltl the I)11E tiuiiditse 'llt'rvlMihlll'd with thlii t a l r() m)i', ldata taiha itill . lofttl unabh 
to 1t'(s oild tostudies that wouldure 11t[ I illsi[wil ',l''tt I-'e lotItt;tilt, basis fil. lll nn Ill;.il' IX, ioilel I. t t(, I ll''. oil(To'( undet mi tllt 'II itt il l %%t-,1111t.t first hlook at1 hom c'(Iltt'tioll Isq or­1gallztd Ilow, ;11).l Ndhot i. hlapll,ng tuthI<llo otr).2,1.1 Pn)1t ms.o, mgI,' olti'.dctihim ill Pl/I mv.,.The'1ti trlcl url (-ttional o tht, educa-Ns hvit o[' Pm.ll lia l.Y ,i c'ollv\'111l lult ill
school, s5 

cig' ikll A. >,ix-VY'e t ptitlltv
t~, lIctds itoh a threv,-.e . 'h11;,,"X .v'o'+ dar'y u'x h,. 
 Ill iprincilCh,.S ttld tlts c;'ll ,opt f't ; 1 l ikl'''.(illc \vo 'r l lil \out' ll nalll ,o" ;uI -11z'h" n r pt ograinl, but ficw stludct, doIso,, and thll, 
i­

oll'ial ohei~tt\( 11 !e it , (1t , hc' (,ltP r10"I' i lm; i t k . , h v'-e l ."
 
Sentiorl 'vc' iim 
 -v\ e'dtc~ilioii h g''\o-11 I11ll kjod- id1 l11,"441-.+Htiom +lls;1 ' I\c 11tlf, w hich alhm %fill com ltu liom l l f r 11111.hl111 .J."ItT d'''il, W~t);1 ~ ~ r c <,Iollt olloll~ tll l ­'ll t., itl ]l '; +ll \. Jilll p~lol atilll, aing+ll\t't . ,tl*1, 'llTva hl 11mltoll , I - d llel Ill t)+ I 

f'l' ult lt'h >tf- cv 
H (H ] II. tlltt _tloll rutll h% 1114,Nllizil' tr(i';ti,1-41c11lll

Tahhi-, il Wlllip ,XII".',I~ t,lo '11, ,4- dlill t rl . v +m 197u..Ith te r, it1 Ihr1 u ,h I 9t7-5, I'llP111;1.% (,dr-I' lo ;J1tIu l hI..lt', I -l wl .lt. r+didh h , ;r ;,~ntot cicil'l~ . ;I[ Atl lho NI U 4 Iim11;1('v ;'<popl 
t1> iul("i S..q/ (if Ill, .chol lgc~lo~l IlIould -ch,,<,l 'I'h (llt -tII te,I. kh i-d ol11 llo. 19 " + u ;lhvwti,I11i tt'glm.ll c(hfJ,d ti'wll -l11, Se'Uolld ml \ I 111h i 111lhl 

i ct;iltloll hit\,e li!\kr'alpi lk II ll,i l lll \\.Ill]I jor llo l Y "-c't ol, hut Iliwl-Sillidil loopllni hc~ l, l l] v-ill ol ; lrd]ll of1Owlpi)1ll illi i ;lllhclilim ' choo],J l> Tilhh, Ii I mtllliIDt-pihl ,.Ohw itpm ji ( hick il1 d/\ntiti<.m ill 11t1ltiilr, , 
chooul ('1ili111mill,ft<livi m . e l -11,'1 !1l il iil lthige i, 

Iliibll idl rili-il ;Ill'ii 
il ho di.L'in hillioltl of'. tildl-,llts Iw l.%\/.et

,A ''ahh, l ; , ti+lt.a Irfend n l uililli .v is, /'nt erlo 

http:l.%\/.et
http:tt'glm.ll
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Table 6. 1:Enrollhment hbvLl, /brfri ugl, ty 1971-1975 

Year 
 Primar 
 % Secondar Unversit 
1971 
 436,987 
 86.5 58,130 
 11.5 10,182
1972 2.0
443,680 
 85.7 65,552 
 12.1 11,642 
 2.2
1973 
 451,58o 
 5.0 66,746 
 12.6 12,682 
 2.4
454,852
1974 84.1 71,619 
 13.3 14,317
1975 2.6
452,673 
 75.424
83.0 13.8 17,199 
 3.2
 

Source: 
 Ministerio de [ducaci6n y Culto y Anuario Estadistico
 
1971/75


nlhlt.'filtdv,t it] "-l'lml InI rt11ri/mvi'i:thallin ulhbaopp () 
l 
tv \\ , i t 

l'reas, whih i,l{c 'a hc . ,t16,5t II,l' I t l l f. al.'o lr1(d iIH'III+I'.\ .t'h 
'o t(-, tJha t e n t-ll ml-vIill )+I+,ll. enllt p rziv ,a teclvai ts ill , illso 

l( - expert. i 
. c'(IfrmIo 

encet,1(
t ill III+lIiv 

(til l itc.t 

l'e~ h6.2:IP' i'r,, u / ., ),1 r /iltlu titm'i f / 1, , I ' / lm elt i l I' / m m .i . h ,, /s , b v Z,ccb' ,/ ' , ( tin l.' " r i gitum y\,. P 65,'- l91lf; 

on - oto 
Year L .'rban ura I P ic Private Total
 
1965 
 , +I1l70 It17 47,F ~ . 

1 .1971 41 I.N (11,-,17n)
.100 

on 
m+ ( ,3, 7) 

1971 I 4 43'' , "1.( .,.4 1. 
DO l.313. "rv,.e 1l~l. r) 0. 0ln ( +, (


19 7 , 4 
. 7. I c. n 14 .7) ,t To,. 
Source,: 

I nO. ( ,l , ,9a5r})
.iri1 o ' tcaci4n , (ulto 

I ii" , . , ,: , , .1-3,n 
4 

10,,t 

\ 
i 

PJ cll I r'til. Ih,1111 ),+wJ ;1111 l lin t ml/l lt ' ~ l i(tl '~ 'mi . iw lh Ilid 
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stability of' Paragay. The governme nt' reslponse has been a massive pro­grain of land reform, i clu di ng set tlement oil arge nomi heris of colon ists someParagayaN, others European and Oriental) in areas along the borders withBrazil and Argentina. These areas of' coloizationignatel priority zons have of'ficial l' een des­f'or the nation. All-weatlet roals havep it1111ical been hit,a ml ph\',SiUl re'vice5est' of't i I) cet~it tit, g()\'e0 
Ioid.d, a11(1 other 'fi'orts mad( to ifncreas(t'lllI ill tlhe( taeas. go\'t''inle nlt'pilicv is to i'ort'_'ilat ion in thes 

T Ie of .fi cilateas overall other egioIo of th unOtlT'he ,IE'' is f'ornlallv rst,+onsi) V. 
fr illliiri'rvin the cool)tiy. T'he 

h , and secondar' educatione ate 15a agen'ies or departineiltl)irectt' eit(; .ur1 itf I' 
that report to thelttition. whio .elport'q to the ,liip:tel.dir"ectors Il additioton, theof each of till, dthart onots relport directlyD(Ie a to the Mi ilist.r. Theit'l t oflI llllilt is o o thhes,I 1 AVIlevel as the Ctgi. (f)i,t alhese r(tit;liz tionetl) 'ati l littits fl'l-ilm ry ,i 'ctdlY'i .v. ,{ 'i~ 't2.1.2l lli li i ~ ' 
'.it as w ill as theI i l fi' g //ti' i]),FP erl so€ llf)(t,, ..lis ,.tot l ( t l ,tte'iL<ctt.).titrl edIlioi Alt its litY to respond to 

l' tildtlt'illitIt lllIl Ili t llInhe II)I" hire(I c(Insultillits ti u.m ll,r w ithl il,tie 
thit Nili>II ' i., dil.(,ct Ii.r it frtl ml t 'il ;till[ ,il r Aq +dllt'. " to l JhmillM i ; il~ iV/e{ tilt' , \.< 'il+i'Ilioll +ildth1V 1)r-'00 -+., i 'll'I Iu Itli ;- dl~ 

­
mr tikin oil :l%''I+< t " tllin till,MI':''h ' t'm < l t It iit r\ ii,\\.-(t, cl~Itht' € lle( direttol-> ( Ith nili~ ll> tl­liII ILl+< ill lu ('il C :-di +-]'t i, ;1 11,hl ,tilti,, llh ip+ %%ith til

l > )' I'. l r , h m+e'xpl -11,1cfdt , mi k t ll !,, ;mI .%I ([,t(. I l+V (t'' l lt( d,w~ Irth 'fi ll ]' HIf il i f)I l.it, 111m n 4+\I,11M(w., lit+ ;illh r mid tlo fJill phr llil

It, the~ir l,[i l lh(. t-.rt i ckt. 

i ,
 
' h d.lw

IJ'ht'I't fillt 'I iu .i. ll \ thWl I he, %k)I.\ l If tilt. I )l )I t'l( i he{ 

I11t'11 li~l ' (if' t i , l . + +i ' + ,a 't J 4 i ; t .< h \ i' ¢ I' .. 
III'll~ ihI+,i {lit , F t l J lt, { .,, +'I ll( l' li ci i cd.. h \ d+i lv .m , lit' 

l+ i llli l ;1cp:h,11li" t J . \ ,t l . .lldIm r t- t hd+ 1ith; nti l l i' 
ll.-t + - .+,,cha mIf t\\ .u : l l (tl, r +l .\ . :,+ phttl l l 11(1;~ i 

Th OiYl- Th.+, c , ,1 ,I lrI+' {P + 
ur i { . \11tdt< 

i 

t,, .[ t++j P tJ l"'++ ~ l ' t 

m , il i+'u,l im O ff-Ite' . , I '+'t i .t t .( Ill r1111,1) m u ch ;111(
\V,." ji ),,l l, 4. iOw ' h w(I'il.-+ t,I h ,h-dil O i j- I,., l .ilt < , '~ l~ t1-, , l ;I- lw 4i i il I -l 'i; 1 .( , ',,ti, t:, "1+.,i h , . 1'11l~1 ­ , I-ill

;I pl ,, ' ' I,t,, d %,,it\It 
p 

I rc +i t t ti t IW .,1 l 1+t1d..-ollli'l 1,l1 1% , .I \%r Il i ( l ' ItlIl,, ( 0)fi , . , lit 1 i,1 -h ld 
t . 

1' l till i [1,, 1,1 - - , i+ <i l. 11 1 d I I l Ih i ~ tI l 

•\llilie\ %t, l r l+-'t,, 1ili'm
 
W'e I llil ' 1' li r t-
 1, 11t i le K;
('11111 

l 1 1W 'Jh w i., (wit i i Il(l+f the' t, \-ih'lll Ill I1-: lidet ;I, ruildru . Pklillillllflllili, I hill % Jll 
gl -hm ll he( dingll Illhi+elp i11 , (.IT\ll\l1 I),ii .Ill <,trIll (.1tli olol,ill+, \fill li \ %hl, li e (Im " ,ul i , ,,l , Wicit- hlj 1l of%% lih(, if(,t',lil lt 1 
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Noting that although many called for coordination by the DPE, it was likely
that any immediate steps to exert control would meet sharp resistance, the 
report recommended beginning a long-term process of"development of com­
munication and control links within the Ministry. The first stel in the 
process would he the improvement of' the statistical analysis services of the 
DPE. 

The steps recommended for immediate action are concentrated inimprovements of' the information system of the Ministry. The main 
reasons for beginning at this point are: (I1)This area represents a 
strong-felt need for various departments, especially Primary and
Secondary, and the I)PE itself. (2) This is a sphere of activities
generally recognized as an intrinsic responsibility of' the DPE. (3)The topic in i tsel f'is not controversial. 0,1 I lere is a strong chance of' 
success. The director of'the I)PE agreed with this analysis and tile 
process beganI. 

In sunuiarn-y: 

- Political and economic factors beyo tle control o' te ovr­

me it r'e forcing chailnges in Paraguiay, and ill turn changes ill 
e(Lctio a1re ieq uired. 

-To assess its conttibution to the system, tile Planning Office 
studied the process of decision making in tile Ministry. 

- This study showed that although there were data available, lack 
of' analysis itea nt no coordinated eff'ort. 

- T"['h11.lnllilalg % sten()F'e/t' was as i candidate to' the role of' 
coordi natot. 

3.0 Why A lstrl' S'tatis.tWica +Sste'msDtWnI ,lh'- the Marine'r's,Veds 

Most offices of educalt (ill tltitig mertiisloc4ttl hecatilst tlievl,' velopled

aft'r ministries it education 
 had already set up Ilohitr basic htureauratic
 
control ttechlatnist.. Illd after ti nisttie,- had begun to col 
vct statisti s about
 
their operatin. Altoltgh o:tv clttries did not have tational sy,stels of'
 
pu lic e t' tt ion utnti] ith' twentith centut' v., I tt(lt i t1w lits of public itldllill­
istratiol wecrt, laid downI it1 itot c',tst.i during til' colotial piertods. Fewcountrl, h;I(Icdtlcitnmll phimlrng 1,l'lcs prior t,, ]960). Pltltner,'and re,­
' l'C'hlel' [rl l iedlt' ill tll"t'' li tt 'o ~ t il+d a nal',s+ls (ill
C.;Is'- Ill t'Otlllliv+ \%it htrl tic' timclitllns q uit, dilfi-lnl11t 'lill thtei'r 

i mll, IlIan|IV 

ictl''a 
o\%1, 111fi1 thlun-l~vk ,. op> ag'ain., a 1t0ti1ti,d] -y t ilt' ritlonlaltyol'whlitch 
i , 41tett' 11)(11ttectdif'ficult 

But c'V .[I if lht'10. Wel'. not Ill'tIoli'i( (11lliciu ,<- ill tilt, dev~hlpm , nt o,f 
HIMt O111ilml ht1t l cl'ri m,do. e~flt.liIInm lIIlt. Ilul rv, \%otll I he (litfi-lrtellv'ts
ill the, i.pl u 1lc, and d;It;-1,'ath iw .ll, , t I[pmlwroar lh to -t11tt ',(-wc Sitta­

viltherl hct ac~tzt pwl'l' tl t o1'': l"" lI \vq n(t hcen'l lwactht,+ orI hbe|r ul netw 
ttllgt 

+ hla\( iwell .ct .'\dm ttll r, th1/,r.s inl ti.lt- r t:w dla(Imim nsl, of) lte 
other hiand, lllo)p;t ofilt I , ];v t.) c]def~il the l wol o/ m IH~llfellml/ow' ;lint sonme­
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titmes as efricierncy. They are concerned with executing orders that have beengiven to themiland carryig out the predeterniined tasks of the educational 
system. Sometimes they are concerned with doing this at least possible cost, 
or with ninimal waste of resources. 

Administrators ar'e concerned about control of the operation of an ongoingsystem. Planners are concerned with the (llocation of res'ourcs to produce a new v riant of the system. Planners are concerned vith history in terms of itsimplications Imi the future while administrators are concerned with its irn­plications fIr the present. ifthe planning task is defined in terms of'long-term
f'orecastin g and policv planning, dif'erences in inf r ation requirements
become obvius. PoIic*cv alia Ivsts ani planners are more concer'ried about ota lSysttell (of programn) iPelfornllce than about operating characteristics of'elements within i svsteni orprlgru.,o. 'Ihe nteid For specify"ing tile distrib1­tion f' resoilr'ces, nil lthelong cycle in itie feedack loo) tlat makes correc­
tion difficult or irlpossible, pusies planers to opt for highly reliable data.The administr'ator, closer to tilt sctenLeS Idn rel)oTrsibleor tIll llsma (h'tails ofoperation, wants tko ll lloWow thelx total sxsterii is Ilovi lg, or ev('r iowgiverl program is wor'kirng. ils irorriediate 'once.1rn, is whe ther a riven ele,­
merit in ai prograIll is contribtutinrg will it shourd. 

Adrlinistrators typical vlc tll i colCernltd ;d)lil t Olitt 'sllitS ont , at puts-+('
 
prograils.1 yvil e tit 
 tlt, nr t c iivcl,l ioratiin befor'e thet' s (irr to lookat tilt, effects of tilt' pvtxios otne. Thtir Soluttirn to this trllitu i to follow

higlly specified progrLisn i oi'peration and 
to worlV rrlr.t aiout inputs.Gix'tel that stattistic;l systi'ris in rloist im lirt c w n h'vt'loIp'ed lvNt to'ra
tiiniail division iid i risntr tir.>, it is liiit 
slr piisirll th at flit, kirdl if'liltai tlvt 
collectiri'lpea oft litih rutilit' it/ t ipl ill itr. '1it It tfitit if'A I ,lii s ll't,cl cered% %'filltk epi g till),t ItH l lItr It, lt to ilt'. t. t -iitl ll
numlr'tisti'itudli ts .i ilt' l . thl.YOMllzlt- if okti t'ii t t'i , a t'ifa lt'lrt I
little t'slicer l ti t' i l
the (1II1 1 , ifot'ih Illr*lt I> I i , titt t Illztt IiInp rtt11 lit. Tllhthey o i 'vctli \w t l tokmv t1(tthoir t'llsg:<e:. hevtatst, ilia t m llill t( %,.ittlf.lmi tltol is<Imtktl it) thi, p,t io<ll, ()' 

to) ( ttrmllint. 1, 1h1l Ille t +h-mi at>+.igjwd ill tha t >.ctlot houl lit, keptI~(l )'thervl .I .settll l of.nfll l 'a,+ted( bcc'u+ie t 1. h. .l d Jh , 4+-. t -lo' etill]yvof him-her,r qu t il~ t [ll. t Ill delf- fll ll %lic(t f h (-it -,~i;+t~t i V 

vi th)(, apis fli t+, g t-llh~ii ,:l ' tlr thim h l of 11rm illrig
 
In tllu llill;r..thl l:
 

P~larm ligl + ofl/.. l+, c%( ;i 
' 

t,(ll holi, ilftel tldtl(' Itllmh l hilloillt'-
I' I t"'l \NtC ' II f lloll' hllm vl 111;ttiIIIIlI" (litlr [ I r, - I lloll-d it) 

+l+tl'h'~ll) ll+lI ~hl>",olllll ifct+t I.lled ilhtllit flulltv-It+lt.C, Pl-It . Mhhit~t i- ,tvl %flilt c'hmlluy Ilh-fic,, thic,lla ~ -ith-lift- 1fooI io'U IllII+I lecd> 
r alt'Th l l~ll lit-, (toillh-ch-d hv tll 111l, 1 offettll (1) not, h l lw l, v, -,'et'in 

uIl'ul p la lfll'l< 
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3.1 IDatni Co//etio it, I,(i,flfjf 
The edutcational Statistics cntapiled( h)vN101,11s, onel 

the I)PE ar Collected through twotnt piil tttN, (CILtjjt I , il)( tI'0otSeCiftila tY ('dLICatin.t, I)! I* alsoi processes sn tie dalti 
tIti 

In addi­pro vidted liv thle DeparintmtenatC~entel's I12 -Yei- inistitutins Coverijng 
ott Regi otia

bonth ptitnai-v1 aMid SeCCniarV (dLtta­tnd b)tion a iTechnical Voca tiottttl (ilttC~tjillThese ;if.e the nttiyN ec uiill dilta~ ciilfcte 1 by. )IE. biltthli'Itiore. lor ex\ample)tti li. \e( collectsPe 'son ntel Depalrt Inefit tttaitilts a persnalteVVVI * tVeaiTt file oilIttf tile s ,stetl Th ( llst tct on lepatitet(It Selnios has intfinllatinif) et-tn., Of' aill.I CLISSI-0llt1tts 
Gutidlance :11)d p)1itvsil Cntdjit inn. TieDep~atmenl~t tttkt conlitituou ilS s(s.ssillnttt of, stilltint itciei('e-Inettt it) pilot pftlgiaitts. iThe MaIterials 
11ihbttton of textboonks fit 

iDepat ttett hits recordis fl the (ts­-'ciooi districts; T'Fi (,'tiiciiitttt lDepi-illerit hais 

dit../f' f) lll'// , elih i s TI newf CHI iI111 tt.t 
 t h
I j'Ivc Boe Pritilarv and 

Seola di; tincl t-I datflrt a fl iff Jilct illdtti i Ili
 

Mill"bYi tilt, 

Itf ilkt ufli24I i prncpli1 Ill tw ot. iiIth i; soureIitita ft,0 f lla fl toi i t lt, DPEi ,ltttu / 0111 'Vutit IN C1CI( l eclN ) vth m il( eli cc.sbv X, 

1 
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The foirth block was Ilie standard age-grade enrollmen t matrix, classified 
by sex. The fifth block was in the saine form, lut showed the number of 
students by age and grade who repeated the grade. '!'hese yield perhaps the 
most basic and esselitial inflormati( for planners whoi must assess the flow 
throgugh the svstell) anad the perforns arice (t, the sy's ten. The age-grade llt­
rices of the tburth and fifth blocks are shown it Figure 6. 1, because these are 
the fundamental educational data for planners. 

lig ur,' I;. 1. 

I ,-UradeData('ollctmn Forms.br .\ lhatrices (/AForlledand Re7peaters, in) 

(a) Students enrolled by grade, sex and age
 81ock IV _________________________________ 

'nrades
 

toool 2
Ace Pre- 1 3 4 Total
 

rr ) l F Fa F 2. T !6 TI ,, F' 7 

Less than 7 Years
 

7 

9 
10
 

11
 

12
 

13
 

14
 

15f
 

Total
 

(b) Studer'tsenrollej .no reveat'
 
Olock V
 

Age~ -"e--hD~ I 

Less than I Years 

12
 

13
 

15+
 

Total 
 -_1
 

a4 repeater is a Stuue'it enrulleu twu or iture thas k ti lre same4rd e Ill a 
ditff~r.nt xhnnl veor. 

14 

http:ditff~r.nt
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The Form was first printed before the creation of the DPE in 1968. Statisti­cal data handled by the DPE are collected at two points in the year, corre­sponding to the opening of the acadcemicyear in March, and to the close of theyear in November. Separate forms are used. The March form is printed inJanuary of the year in question. The decision on the line item for the printingof'forms must be made in June of the previous year and transnitted to theMinistry of' Finance prior to the finalization of the national budget inSeptember.
About the Ist of' February the l)epartments IWrinl:,y and Seconlar'
distribute the vforms ti their supervisors. E'ach supervisor is given threeForms for each of tile "schools" nider his cootrol.collection procedure, "or purpose.s of tile dat1aa "school" is defined as a morningsession. Ahout or- an af'ternoo "half' the schools in tilt,country ar oin lollble shift. atnd
therefore filI out two o1 more sets of, the 0ms..About the l-Ith of l'eillr sl tllt'rviSm's
hlegin todirectors of tiw nuclear 

(list •itit( tilt foril) to the''cahicecap sclo whO then(listliihutL tsatellite schools. t)h)nto tIllAccording to tileruleh.

niclear school 

I hi'bots ilrt' to he ' ul-tflrtdIto tiw
)yth(, 15th IfMa'Cli, two wtIks
the 1st ifte Iniog f lasscs toweek of,Mlarch. Tilt fIrmIs thi(1 :
returns then 

'MV,;Ot ll1 toIll te sllpl'cvisl. who
to the capital, ill )rinciplei' vytivi 
 ath of.l'ay. (),f.set of copy o!'each'forms rtmlins with ilte chool. o ( %witllth,- 'tlcopy is sent to 'llill. rv,,'ollr'i , of Secd,r', andi th,. i al.
ia""lhi<prna't,
:si dt.,cri bod IifF~igur 6+(.2.Tle(ftrlis I)mss fir.-.tllrou"ug
ft. Hllmin ('flit Iinthl(HI-tpartilelitPrnlary, if
\I of." tet'ndiltlzy)
E thicaii .,The (I llitak :.Ir~llt eI-
c0Int'f~r i;i l. n a tt
ilg clIS. i/v,.
which islused todehtermilt, W1'ahlitimlidl tc .r llltl,.­
heapp iltecd

htutolh~pst-l 

ill iltl (llp I
othic
i' tll
jdn t , e - thilttllt 

plositio)ns po.sih ,eill cr,,ite rl(,%
 

ht, e -.i e ..\ th u hit i.- h .- illl(
 
1,6r tv trho~rsdurilig thet
, Ie ac.;h P,, 111111,,t*I,cjtl,t"tedw ith itpe(tition totll(, 

led IlutZ~he
%"Ilil
Ii:t((d'I-L']d ;l f ofl'lli,,zlod itr 

i.,a
P~rilnim'y make-sl+F lictl h' 
 ,r .t',el ' 
 1 ;1ur1\ llo~rftopoi itticilmte,. illtr.NiI,.H ilol tT,,flhe zit, bldM I(.dt(,l)Il,eltn l ,,c,.
lIo\V flialI 
 fiI \k ln-itchvr po:.itll,:< it ldlI lill 1 ,1 , ('l1rl1llig,p(,tr.After inforim;iion i . taken fro~m tll(,'hjrm , thi(.%ati'e i()Is4,I,
h,. Ie .
 
which l tlel.g"niltIl, , .ls , mt 1 , , lt )t It, ...hout
lstiually (i tile sarrivs
tiltd(al[;l
fl' Itthiltl tilll The m, k lt -l~tlykIithetth,. ;tiltts lf tb t ili I 

,4ll't f lili , l ity1.~.l,t1 llhgtl:l.i, sllt w il:tl ,ill I )ing!-Ir t' htud:,t'l­'s ill .tr ill( , l \' 

Solm.ll(
, ( (ipl'm dl rell(4lt;lIhtmlllml-(]+do
trill'I 
 2 H1tll
Vohlll( ~tw Ill 

t ~ 'c'it]-!cIlhe< 1I>, ()I 
li} gl'vill(l"Ja .i"
]ll;ih111 I.l'llll.Vth~r 
 tlldjf
Ibis l %,.itI',
i'M~'(t
\ lil i:-,h':crzl),d bh 
,m . ltl:.,.if c.t
P:rov'ince, ((OfS"kitt(,,, 
ml'h ,,i h ,- I,hYan~d bvyDistric.t \kith il ,itwF'
J'uz~. ltl,h,' ~l 

lnch -( ,,l hlii i
tl e di t m
lh. h d lttv .c ,111phetv litl
grad s'lml('+.ch),s II .Ixantd th,,:-fitOlaf me Inct'/lple~,t htz


calls(.;, school 
i-x ,r. Beh­fe t'l (I lci)mt'+llp ' l~ (l, e '1.m" 1l:11t.fi > lll
useful fol. 

(.1\ 
1111 h, I' 1' )() hoollgterthat (1isloll.+t 

iol)f
Th, !.( art . Ir fliall+ ('111plett. .ch'x'l[Ise nlulnherl, hvo_ i]s.ill \vIth M(), hill 11cillIt'lll,.,ctiwokl- vp l Intll1ll'etd
 
bleginning \%.itll)HMI,)

Pa'+ratgtly has l19pr(vinecv 
 iand .153stupvrvj: ors. Thu, provinZCte.s ilvera'+ge 15 



Policy Analysis Applications 187 

Figure 6.2:
 

Flow of Statistical Data From~Source, for Paraguay
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districts, but the number changes fr-om time to time according to movemeilt ofenrollments. For example, provinces that have been losing enrollments nowhave fewer districts than they did several years previously.With the forms organized by province and district, a tally is taken andcompared with the list of'schools from the previois year. Ilfa form is missing, aquery is sent to Primary. If the DPE has received inormation about thecreation of a new school, that name is added to the list.organizing the forms, and working toward a more coiplet 
This process of 

sit of'data 61i1 s,takes place during a period ofl ppr ximately :35 da vs.The next :30 days are spent correcting the rlondiers o)n the data Corals. TheDPE slaffireview all the totals, and "squ:ii- make row totals equal columntotals) the tables. The staff have desk calctulators. Somle of'the calculators aireelectronic and have a nIemory, but this lirnction is no used in the tabulation 
process.


The mu-xt period, ahot 
30t da. n length i lvtabulation the first round of'of til, r ta. E;tli p l. lspecialist Ilnt theilo ' Si tistic.it n e ofl.I' illor ['flit ofllnII\IIC,. orF III the l)l'E is all orl Illlir'e of' till tabhles t;o }-v 
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following way:
The major problems 

for
we have are these. First Primarh 

forms when they are r~eturi.e tetd 
over-age students by 

order to c.calculate the number of 

in .. tPzlrhlstedt 
zone. Second,rates is questionable the computation ofdesertion.At times we have negative rates, that is, the

final enrollment is larger than the originaldata are not reliable, enrollment. Third, theespeciallyteachers add on in Asuncion Ilthe capital).students in order to hold their jobs, that is, theyoverestimate the enrolloent. 
The 

In addition to Iproducing the nnual statistical report,sponds to requests for information. Most 
the DPE also re­

of, these cole front within ME('. 
with others from l)ef'ense and other tminist'it,,and individuals. All requests are holortd, hut 

or from private institutions 
hilon) take, lnuchothers. The Director of longer thanthe )PlE has for some tilniD[E's ability to respoind to thest, r 

wished to improve the 
Minister or' from other dept 
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The second option is to convert the Office of Planning into an Office ofResearch. This may follow froni despair (i.e., "We can't do anything anyway,so at least let's do some interesting research"), or it may be seen as a means ofproducing long-term improvements in tile education system. Planners mayfeel that their contribution to the system is best made over the long term,through research findings that demonstrate the costs and henefits ofpro­grams; or forecast demands for education and training of a different type or ofgreater or lesser quantity: or demonstrate more effective ways for imple­menting programs. Snyder IUSAI 1D/Fla rvard Project Pa per 83) describes howthis came about during one stage ill thei(, evel op ment of' the educational 
planning office ini Peru.

As noted in the beginning of this chapter. sotial scierict- r search can servean important need and contribIute to ('catiM6ral (hevtIl ctetI. as it l'COirres more clo)ely linked with policy arf (lecision iiaking ill the(,Milnistrv. Tli. ismore likely, it would seeni, if the Office oflPlanning pla's an active olet illresearch design and arilsis.,rath(,r than giving over the task to an exi-rrial agency more distant from the operation of th, Mi itrtv.But the time required to do effective litig-tcrm resea-rh tvlds to itllpdethe involvement ifthe ()ftice of I'lanning it other ki nil> pol cv nid decisionmaking in the Ministry. By irs natirre, r1seatch tcro[ to last inger toaritn,
cycle aind to illti se relrrretr erts that il()]It(, rescatl 'hi,.l., I tllhe itllc irll iofdevelopling a sy terelvi ' Tese tlrsiols ;in. di'.lt'u sod liMh,%a i 1 i Warwi ckht;SAil) llarvard Irojectt IPlrei l91 il thlir iN1)il I, ,It'1i1i .Ao \.l 11 Il'Hl 
Sal vador.The third opti )tl is to d/"I ('Iop] (1t 11lt lll l',,'/ r' liolt clih'd r'em,,tcth 
her'e ill ordfer to mtke the di,41iltirltlt troiii cni(tlh, M uhltl- t1 Illthreory-hased, that tcall I, ( ll i((if olt i, sll ht ,ll./;ltilllwilth t -ei i lisit­making cycle, and thal catlltake advairagf, of tii xitilv dat;l hatnk (1tlMilistrv. rt,,r thanit 'l he t lnu, ifat,, it l,ii , .i , il ittt.rto;n ,,i/, 
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makers and managers. Chapter 5 in Volume I and USAID'Harvard ProjectPaper 25 discuss tilequestions likely to be most pertinent, as, for example:Should a given program continue, or"should it be changed? If it is to bechanged, what are the critical elements needing attention? What quantity ofresources should Ie allocated to this prograai
failure of a 

rather than to another? Is thegiven program serious enough to warrant action?The procelure described here difrers rrom whattional research approach ri ght he called a conven­('onventiomal reseprc.h rpperly hlrgins by Col ect­ing a set o0questions of'the kind listed ibov,. It then rioteeds to ilnt it'v
kind of'in'ormation that would the
he useil to tlh decisionthose questions. The arnalysis propi1ed lore hegirs on tothoti,,tld.[et'arse 

maker to ansWtr
 
the data have alrady heo gathlrd,the pI;t Irn'-resea rcher first has to ask.
"What do I know?." and thenl hl! fiwlpro~h lsltliMl ich Ilhitimf'rrwitio llv'ai 
be addressed.
 
That stalletnt is anI exal 
 eratioi itiill.-
data will h,1lwith tol 

,r The 1ir"t r;i,- through fitlu i fi,%wV;arillbhi .;Illo tIhlst'hlciloto e.'Xalliill ll i 
IlI'wihich v irialie'sIe 1. (lt'c11 bliv - li l ilt' l ftwilitli
1l llfr - tit'It it i< illipir;rlht lt iIo iitt'iii. ./thu. lliu(. Iilli 

plariltordoes nol tmivu (iltti 

l-f. t,4iiii ''it* (;it'(fhdii
 
live'r tinltatltai cihllcti<in proctiu.,Oiw priccrfiiri
fbrallnl'v;i,
sai .dirl
tils cdse ;Nidylifhr(il nit rI'i+mni/Ill,+ cliivit<I,- tllht l emlit,) himw ill(..% ilpjl.v Ili .Th,, 't-.ill c"llit'lltth'h , I,flotil
ll,+p ir,
 

IHa;thcr. heh es'hel
ped 1;11)(l lr Whichi, N/ildil..' ,v,%

pr-lhviul, Ill(..\, p I'II lvll. h+.-'llt'1,% 


-.t l 11)-elr h~lth 11 ,,hal..++1tht hi,h)ut "lll l' ill~,11:i1111lt h,11 14r,,.,,l\ 
, I)I. ltn,,thIlf..,lp,.l , hl
.itu,,d.I)
 

h ntmiogfl iti iuthi t lOwih t, (hiftil. i ll I lit 1.m t'-t 111cii illrr.
 

T hlist( llplhl
i..i, 
i ll f+.I 1 i 
 lh+ 1 + 
 'tMI,-,rll-
1 11111J: . , -1tIv Ill ,l h,,thlit./'p ,t, 
l \" m : ;, %%Ill(hIll.- ,~lI i 111 fil 

ill tOw dIt;I N t'
ll-,ou!. lih .\ 
 'lt-% 
 l--iil'lli'dh'l ll
v r e (lt,. 11;- to -,.,Iw ili l t.l 
,11i lle t 

. l h , li -lt~t (1,0 :1',I tsll-u v l fl'litM 111. 11.. 1 1 Ii, II 1Ill 
 l-it Iwi l ll l IIIII , t,f i ll , -,!-f,
!11 ( 

i l 


t d l-,1 
w I l-

PIn l w i 1 h ll /i 11111" w ? /,, N l %1 .1 
' 
-' il'lllhe lo'll ' rli l1 1 t '/, ( ,,I' th , ll1(hll 1 11't,1 'iit.
 

11h;11 ; ,1li~1 plik~ill.hh , '
i 
 , l d dci'( I-i,,iilin;tk ljit
'lTo ' it Itiw>I, ll l lt 

idl 


,i, Illu-I 11,l-
tlh r,l tllf l llIL!litl
Ille :' "l ''l Inl ril f.l;I'l
Ilt(l l t 
ollinkIlliodekl i :1 r" .'I h . owl,+ l~'l .11r111 ilbvd;1t;i r-:1lh 
illilied rlllvl,lThi-,Is 

,rIhll li-i hi d i 14 i,lh,,~
Il~ h-1 iprfldeht 

..:-t .i 
ll\alit llch phvr'.
 



Policy Analysis Applications 193 

4.1 Variables Included in the Analysis in Paraguay 

If anything, the data forms used in Paraguay provide too many variables. 
Figure 6.4 presents a partial list of the variables that could be taken from the 
March form alone. What appears as a simple device is capable oftenerating 
more information than the DPE can handle. 

Figure 6.4:
 

Variables tha, Could be Taken fl)'on tle
tMarch Data Form 

Province
 

Public-private
 

Urban-rural
 

Shift (and shifts)
 

Number of classes 

Number of teachers
 

Proportion of men/women teachers
 

Age of Teachers
 

Civil state
 

Level of training of teachers
 

Class size
 

Total enrollment
 

Stability of Teachers
 

Presence of specialized professors
 

Characteristics of the principal
 

Students takina make-up exams
 

Students who pass/fail make-up exams
 

Enrollment by grade by sex
 

Average aoe by nrade
 

Students over or under-aqe for orade
 

Number of repeaters by grade
 

Ratio repeater/total enrollment by grade
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The DPE had, however, at least two means for winnowing out the numberof variables to analyze. First, tht interviews with the directors of the depart­ments in the Ministry, and with the Vice-Minister, described the informationthey use in making decisions, and the kind of information they would use were it available. '[he directors of Primary and Secondary education madespecific requests for analyses that would help them in assigning teachers.
A second source of insights into the variales to anal 'yze came from thehead of the Statistics Unit in the D)lE. This person's years of exlerience withthe system, and with the data, gave her insights into wbat variables were 

likely to |)e most inpoi'tant. She stated: 
Region or province is tost important, becaitst of the differenices illgrowth. "or example, Alto Iaraina is glowing very rapidly Onthe other hand, ('ordillera, ('at'aplia and PIaraguari will proballvlose enrollnents...A siond filctr i, zone that is, urba o , rural.All new schools are being built in roural areas ...Sex ihliii'tvary,much across the coliIIntv. 'Tho ldoesn't e t,oeibe aliy sv.,tiniaticvariation. But peolle wio ask for data alwyv want bi'ak(liiwns lhvsex. About olthe scho5'1 Io mhiubl i('. ( )Ill v 'iag uai'u >iiow..tievariation from the Oatioial i irgi Ill evcr v ilew c(itlii i/attin tih'schools begin as privatv. (I ,1a1-iw Ih isa ot ofiI)t.\%+'I.,h)Iti/atils.After a Year, the coiionV t'if, to g't tii .l inistrv tIl mik , tit i,,iioolpublic and take over its sullpot. (Iit ;: thesie , , sitall coin­veIt+

nfunities whete ti, l ural veh pUillttnt Agtncy wt't builda school. 

A s If result, O wnr /;Ii' i l t < ' iii pll/,i -'t itlJc'Olltilltlv , to+ilw'l'val.-c oni /1/- t Iie t luiher 

The IP t l)Pff v,1I1/I.,. Wi o \o, I)(h \4,I I -t 4It( t () %%hit wotudin/i/l.-. ;iI1 
bv ifii 'ortartto I lit tt')e ;I/thIlrl) IIZ iIt/ ti , 'IitI ll ,l ' ii,t/ / llh, Ing
is all excerpt I/It f/p rt I l/ ih/7. l /II'I the 

S ,,il lt' ,i tIt ,li/ ,.
A t tl> film . m , \ m.lf 1(, I'XilIIII'-, it<, [ 1. i c'ho"'<+'th itl (mildl[dav an+l11poti)' l'0 ' l (, fi'rll I fI tllIll m, -t'l(h ltt 't ihle'\vrllefr llt:\ ointcltided,( mI '. l ',liw lcl tl'1 ;uolitilolkl] )lh l.' ('(ll d l(l 'fillpol'tanit, hw hhnt M i ilm lv\ .ttidl,- d'.,1. off Willer cl'- fitllv. h', +,

sle,Lled(t h1I '\ 11. ;I rt11ilrl+ 111il),111,1n11t 

de~nts w lo ( .I,. l't I-Ifl't t IIt t, l hl 'h i ,t,ifoo 1t"w;w.l dr-,rIl tan hed ;III(I ,h, rt. , l )Ir, Ii l t -pc.-Io.,, +. 

ant iniporltat (o)lri htl ioi ll lt , itir inii+ ,I t hel (J, ltf. N o t Illt(atl erI,' p d vh(if tf,;Ic loll .\It, N,111-.1(,, ' ,1 -i ;1 t l(;id io.-Illhe , li,,f4 t /,/011,pl, ,/ + ., it%%,),I- rlifil+t. r m - t~ kilf lt
sillltkilleou-.i\ In ill ;[ill 111(oniqi I, Iclhfd I" Ilir N 11111,11. N' ((t-I I-1,to)pro\ il(h, .olnlph t t:lc' .. ,]\"I h.1 -( t1++mlill ,,l1 '' . ' , Ifl::-iiinl e r'! ,dl'H o , .MIt)n+.t p!+ 

itf,, iilc'ltl:<iol o ,. i 


%ill fil -1, 1 )1.1111t111 .,1i h - + tli.. 
; ' irtlihh,


U h]ls ,'+,+'+ IllI l+'m '; g tl I i - , "11-ifil- lo'd i t 1wt 1 l tl it~ llt, % lhi :,i at-
Ili( 4irn l hld .
 (1111 ,, hi nrI 1)11 thw I 1-11h 1,rt ll iml -Itidw -... l,,h
('otlll tcs, 11l\., 1 fin lth i' jtn \ -IwPiIl l ilt l +t, +-lp Iwh tll+chiss i/,I, ;]fill -ttj l~h I'I+v I+h ' 

S CI( Hil++/,+1 li'tte l I, ;1 I r o il[+ (I fi ll-' ll"\I'! Id I'-II tII llt\ d+ tlj ( ot'rtS.O Mt" + lolrgi, -'hl o,,I ti'nll to, Ill 1111m , efflic'iil I Ill tlill G'>,1 ,11,allso an.'l illte'l'v'lvd ill ]loW (,cm l 1</1,I ' Il t' I l I!!( iJ4 I' hlo rll , 
1ndalnoke+(X(.
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Hypotheses 
dToitheextent thatsthisisan exploratorystudy it does notrequireadainled theoretical franmewor. On teother hand,previous studies'tPah and oth'er countries provideat least some guidelines ast o o carryout the'ana i'_)f the,data tobe c6cted, The 

reslt wil e examnendnast= col 

siterms ofthe tendenciesor'relation-Ships they suggest thatcould uide future studies, [Em hasis added]The resultswill,ofuebe compared with the data from the 1974 
~~~and 1975 samples yet to he drawn. 

L1,Scho rz ould have an influence on the presence ofspecialized teachers."The larger.the school, the more likely it is thatthere willbe specialized teachers, because a minimum number ofstudents arerequired to justify hiring these kinds Of teachers.2., School size should influence class size. The smaller a school is,the more difficult it is to have average size classes, and the largera 
school is, the more. likely that clas'ses will be~large:. We can also 
expect that as school size is smaller, there are more multiple-gradecho.z44?classes. Class size also'should be related' to the 'presence ofmultiple-grade classrooms, as this may be used as a means to getclasses oa minimal size (i.e., large enough to justify a teacher.3. The zone will influence the presence of multiple.grade clsses.The dispersion of population in rural areas will make schoolssmaller in total enrollment, and increase the number of multiple­grade classes and incomplete schools (which motivate the Ministryto create multiple-grade classes), A notherway of looking at Ithis wilI:be to see ifurban areas have more schools that use two or more 

shifts, supposing thata school goes from one to two shifts when thereis pressure to enroll more students.Besides the "Independent" variables named above, we sciectedfour classificatory variables, These can be used to descrili. somebasic characteristics of the schools in the sam ple.Province: using data grouped by province allows an exav,inationof the representativityof the sample with respect to vriales usu­ally tabulated by the Statistics Unit.rector: the categories "publi" and "private" can be used to con.trol the Influence of differen t sponsorship on thle relationshipsstudied.Zone: the categories "urban" and "rural" are indispetsable toexamine the problems of geographic dispersion that preoccupyplanners and administrators in the Ministry, These categories are,especially important when looking at determinants of"completeschools, school and class size, and multiple-grade classis.Nuner of shifts: this can be treated either as an Irdependentvariable or as a ciassifiatory variable. We are esecaini nterestedin seeing whether double sifts work better thenintt le radeclasses in terms of providing complete schools. 

In summary, the salient points are: 

The Paraguayan data forms provide a rich source of variables for 
analyIs. 

YSI- The DPE used two means for choosing variables.a) Interviews with decision makers as to what information theyuse and would like to have; . 
b)Knowledge of trends In system performance.pefrmneI 

4 

1 

.4 

4 
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a n import an t objective for the sy s te m I ? .: ' ] ! , D 7: ' 
I !i~~i:' 'i .i! , " iVareablesperformanwerece, chosen because they might berelated"tostudent. 

Al .e .independent variables couldbe directly affected by policy; 
in additlon, cassificatory variables were included... .
 

.were
used to describe how the system operates, i.e.,"totsproduce "model" of the system, stated in the form of 

the Data Source oSampling 
Ithe previous section we described a means for reduci ng the complexity ofoverly rich data sources, by means of focusing on certain problems of greatest

concern to decision makers. These problems are identified not by examina-
-S 

tion of theory or models but by talking with those concerned with manage- . iment of the system. Model are then built using policy variables that mana­
gers can manipulate in an attempt to find solutions to those problems, As
these models use only a limited setof variables, the planner is freed from the
burden of having to analyze a very long list of possible measures.


In this section we describe the second step taken to reduce complexity. In
this step the planner can sample the sources ofdata so that the analysis that
will be done will contend with a much smaller mass of data than contained in

the original data base,


This sampling is done principally to speed the analyses that the planner
will Carry out. It takes considerably less time to tabulate 300 data forms than
it does to tabulate 3000. The facility of tabulation has two other advantages.
First, it is possible that the reliability of tabulatOns improve because more
time and care can be spent on recording results. Second, with released time
the planner can perform more analyses than would otherwise have been
possible. He can tabulate his variables in more ways,and lie can return to the
data base and 
 draw out other samples and make more significant
 
comparisons.


For this to be done effectively, the planner must anticipate the kinds ofanalyses that will be of greatest Interest and use. The samplingframework

should itself include one or more 
of the classificatory variables of Interest.
The size of the sample mustbesufficient toprovidedata atan acceptable level
of reliability, (In general, these levels are considerably 
more relaxed than
 
those imposed by social science researchers..


Concern for reliability is one of the reasons most frequently cited by
persons who continue to analyze data drawn from the universe or all the data
sources, A census, in which an attempt is made to count every unit in the
universe, appears intrinsically to be more trustworthy than a sample, espe.
cially one based on 
a small fraction of the total.

In some Instances, that ittrinsic appeal isjustified, as, for example, when it
Is important to know the (xact number of cases in a total, But that situation 

f
 

almost 
never holds for the busy administrator, who needs to know only
whether he should do nhire or less ofsomethi ng, who h as neither the time nor
the control to measure out in ex 3ct drops the dosage that will just remedy the
 
system's problem,
 

ro t doa 

U1 k:" . i~l.,l l~ : 
A:'I k"iZ~i[-f -'i. 
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For almost all decisions, tha. are made in ainformation required need not be exact or precise, and a well-drawn sample is 
Ministry ,of Education,

sufficient, (In fact, in the case of estimates of enrol 
the 

*bl lb 
some systems a sample of schools would do a betterjob ot estimatigaathroealtotal than is done by requiring - but not getting - nrollmentdatafrom 
every school,)

What are the attributes of a well-drawn sample? The major characteristicis that the good sample is representative of the universe from which it wasdrawn, Under most circumstances, this representativeness can be achieved
by drawing a simple random sample from the universe, By random is meantthat cases are drawn in such a way that every ease has an equal chance ofbeing drawn into the sample. Simple means that cases are drawn directlyfrom the entire universe,It is possible, of course, to deliberately draw an unrepresentativesample,in which certain kinds of cases or units have a greater likelihood of appear. 
ing, This would be a good thing to do if you were trying to study somephenomenon that had a low rate Of occurrence: by weighting the sample toinclude 2A3, or more times as many cases of that type than others, you wouldincrease the possibility of ending up with enough cases to study,Sometimes it is helpful to draw a stratified sample. If you know thatvariation is distributed among the cases in relation to some classificatoryvariable, then sampling randomly within the categories ofthat classificatoryvariable would allow you to draw a smaller sample than you would have todraw using a simple sampling technique, in order to have the same reliabil. -ity, Foi- example, if' the inputs that schools receive vary considerably bypolitical district (e.g., state, province, department), and you want to look atinputs, then you could sample within these districts. More information on.sampling is contained in Volume Ill and in the Appendix at the end of this

volume.lfslrnplcitty Is the order of'the day in the drawing er'a sample, Italso makes 
sense when proceeding to tabulation of the data,. Many of the analytic tech­niques used in conventional social science research projects i'e so com­plicated that theoy cannot easily be carried out by hand. And not only do theyrequire expensive data-processing equipment, they also require the inser­tion, between the planner 00n1 the data, of an ieiperf wkho canl handli. theequipment, For many, and perhaps most, of the planners who would talk tomanagers, this degree of complexity is unwarranted, 

most of the analysem that will be of use, to managers and decision makersrequire no more than simple cross.tabulation of variables. In most eases,tests ofstatistical significance are of little use ­ the problem is eitherso clearthat one needs not measure "tendencies" or it isnot there, Small suples,anduse of discrete (e.g,, public vs, privatet instead of continuous (e.g.,enrolled) variables, facilitates simple tabulation and 
number 

comparison,. Doinganalysis by hand, or with simple data'processlng equipment (e.g., card sor.ters) allows the analyst to "play" with the data, and eacouragem thinkinginstead of reliance on i computer to somehow sort out the Importr-nt facts.With practice, the analyst can begin to "interact" with the data on if, in -he had built an operating "model' of the system,. 

I 

. 
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In Summary,:l 

IIl 

j The amount of data to be handled can be reduced by sampling thedata base, . 

For most purposes, the simple random sample is best, 
f''. For most puway, by hand, oses, the best way to tabulate data is the simplest 

5.1 Sampling the Statistical Data inParaguay 
5.1.1 Design of the Sample A random sample was drawn of 10% of thealmost 3000 forms sent by primary schools in March 1976. Pirst, the formswere separated by provinco. For each provinre, the 3rd form was drawn, aswell as every 10th form following (e.g,, 13th,23rd, etc.) This produced a totalsample of 305 schools (or forms), s fightlymore than 10% because of rounding,One province (Amnambayl was excluded from the analysis becaute the dataforms were not found, The total time spent on the drawingof the aeusing seven persons, was two hours, - , he sample,
5.1.2 Characteristics of the Obtained Sample, The sampling procedureappears to have generated data that tire faithful to those obtained from thecensus of all schools in the country, This can be appreciated by looking atTables 6,3 through 6.5, where results obtained from the sample are comparedwith previously tabulated results fromall the data forms. Data are presented

in percentages to facilitate comparisons,
According to the census, 83X;( of the primary schools in Paraguay arepublic; the sample reported 83.6"f, The census reported that in 1976, 57% of

public schools were complete (i.e., had all 6 grades). Using data from thesample only, one would have concluded that 59 of the public primary
schools are complete, 

. . 

Table 6.3: . -.
Distribution ofSchools by Number of Gradrs and Sector, for 

Universe and Sample 

Highest Grade Secto 

Offered Inthe 
School PI 

1t and 2nd 

3rd and 4th 

14% 

29 

14:". 

21 

. 1&S 

34 
J 

D at,,a. 
D/toti n .Il 

' ,, 
.3 

, 
19 .5 

.164 

k ,.. . . . . . . . . . . . . . . . . . . . 

d. ~IM w-~4l * 

4._0- ~ 
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ighest Grade 

444,School "Offeredin the ,- rn T:hr--4:':,. ' ,2",4Zone 
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rrorVerse e n
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3 
t 

It 1 
19 ,t .6. 

t h a nd 6th 
3rd and 4th 

95
 46 ~ 4~44~-,4 .4l.......~
 
(Cats) 1001(PrTvateCaes)( 545) o 100% 100%6A( 7 3)(: 
 1) ( I )4 

4 

the~~Dafiiuocofpario byrNume, of Grhe, ~ndu ,
Table 6,5: 

":r: 

Distribuion ofSchools by Sector and Zone. fir Uliverse and Sample 

Secor Zone 
verse acPrivte66 
 ?lz 
 if! 88*
 

3429 
 13
 

Total tdie o 100: io
(cases) (545) (73) ) 

_-24 

Diffrences betwveen theV UniVerse, (census) and sml ziain rgreater in the comparison of p~rivatet Th gchoos. 2 a rhes eestimaotion, 
4schools with only First or second g Sc hole,Thesample rueported that only16i Of the schools were In thisgradeg,'Ers of thisr sixtearetltonlyexpected given the nuinberofcass in f 

sample, Using the. formula SE 
t ­shgroup orprivate schools In the = P''~r.I hc EI h ~adr

4error V the est iatepropOn,1 stheoportin ras, netp lnthe onhdenctn enals of proportions of dich tomous varial44*4 iIn the came
iovv the standard error of the proportion or cases or private schools with
onlgraoslor is (6 x .84)/50 -. 0 5 2 Areasonable aumpto is thatabout 95% of all the different samples of sIze 50 that cou idbe drawn wouldhave pvalues that are two SiE greater or lesser than the p value obthined.4 
4 4 4 

444. 

4PIN 
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Therefore, one can be 95% certain that a given proportion of 0.16, for a
sample of 50 cases, will vary between .056 and .264 (.16 t 2 X .052). Thus, the
"error"in the sample estimation of this proportion was within the confidence
ir.erval that one would have specified. Two points are to be drawn from this. 
First, as sample sizes go down, dte size oferrors goes up. Second, it is possible 
to estimate thp largest possible error that would be made. 

As it turns out, the "error" des,:ribed above is the largest discrepancy
' etween the estimations obtai ned friii tlie samiii ple and tie vaIes of the 
census as reported iii ''ables 6.;), 6.4 and 6.5. !l1 other words, the sample 
appears to do a pretty good joh of estimating the resllts that were obtained l*y
carrying out the laborious pr'wedores required to tabihl te all :3000 data
forms. For tlhose cases in which tIie sa illI e plovi des ieso Its nol tablilated for
the universe, the hest estimator uth, niverse vale is that i!t ained ft,r thetuI 
sanple, and the lonuli ho1" sa1tling ('11'01' C) lie tised to f Stlimate colfi­
delce intervals. 

5.1.3 ' ai'/nduio/ Ilr'oedlin'. ( O hellstall hIII of in the Saul-OtWH cases 
pie and the fiIct that all of the v'arialhs were categorized, that is. eitherdichotoillized o, \\Itlh t hree ]Isl. it \vaspios:Jhh , toctarr,. olt all The, mal.N.,ze, 

bY halid.
It,I i gi. i sl tl'iaaofi the xxlllp l e'11 ,,c Il WMiiti' xx l. it l1lillIltti lli' d 

thl tiih st xii,t h li i I l ill; tprol 'i v!ili to xvlh i ll t\l %'ivi,i .. I i t' Iii TitoY twol l'tlps o c' wd~tII)" ft \;'11 t W'rt lit, .- 'l001 \\N , It ) W"(r11 ' I \N; tV, E'l~tht
 
t stll 'tll )p \\';Is t ir l Ivdtd 1111(l , H'' Ill \0 1h
(11\ , l:ln ICtlt ' U, Wtlu ah I 

located ill aii iihiii o ;Itrll'II ;i .l S( 'li JI-IIIi \ r
x i'ip. I,,1 i\liil,. xvtii' 

;fil t do t il . foi I ll : i11iti'r ll 

Illt I . ll diI t l ' t' til l iii . hx- ' i. -tl1 i till-tt-if] 11 III i ll t , tt'l'$ 
a d tli h -i xi', i l ii . xhxiii ' i',,i-i-it I lxxi In r h . vii I-
W ith tht f it',l I ;, cli I -.th p. 11 v ,i , ~i I ta .Ifi!f t -it i !i , it Iat h ta 
xifiltio tha pntjiiti ,Ii tilfx t i .'x', i tl lf ll.g hil ;ilii t Itjael.'tii

i t Wt. l i..lt' I r) il1 i ; thtx i'i jwu.th;t -l 1wii ti I,i holinll in-lti.,

!ilt- 2 1 'tl :-I>, . tl+ limt ' t} [piii\lnc'r.
 

sollilt. (if ill!' po -'uht Lt'rtll 
 , did flit ill 1;1(l (,Xl,--1.mnid ,+fluw- h1;1(1%,', lek\ 
c'ases'. T Ihe thro,, l>. Id lt l \ tr. ,,h l., +t, u , , -hilt. I{,"t (if 

llkilllhe(A< llrll+ ill 4,;lclh nAi'qI) llIldf' I lm-.>hh, ht -i \ the l II ], 

Oflln L'AlltlhinjrI. T lwhjwtr- ll M01I. . \\ nth ill,. (klta !,. lfl it t,;t-v 1,+I l 'a -,,v­
"itn theirh wid>"\%vrilt111 , 1\\lt+th i ,.ho \ h I, i ,r -ttt­<m Ilit, 

m ,I 
llI \Int'0' 

f.'ev~lV"itnll ( i ; I (owl tI+'X ltl~h'+1h:1 w -iv,. Ip ,'p;ilvd< +it) ifl%;I u,, 11.1r,,al'l 
A.- r If'ith e,' tilt- \ ,,l -hrctt lh) ,., d. twl l> l1 tilt' Im ., 

anlivh, \\ iwk -hrei \\;i prt.11;rt'd thil adhhed lnlohtr illthh+ihl, h,It­
hand 1.,',, 11.m, ITTlthtfr '\%or& , hf\ lilling+(fill t1ii ,\ ,jk -h t~tlh . talf \%,v. 

lahul!tL .'.L varil~lt (.. ]t-u'tfior v Itll prorlllcv. 
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The major source of'difficulty in the use of this kind of'work sheet is getting
each sheet to "square," that is, to obtain equal totals summing the rows or the 
columns. Because the main classificatory variahles were the same from 
analysis to analysis, once the correct coluna and row totals were obtai ned for 
the first work sheet, it was easy on successive sheets to spot the location of'an 
error, to ider,,ift, the cell in which it appe1ed, and therelbre toI return to the 
original data form fir the correct valutie. 

Once work sheets for all the provinces had been filled out, the stafP talai­
lated the totals for each cell and produced a summary sheet tor the nation. 
Tifs process of aggregating dita cross prOvinces w is lacilitat t'd by using 
heavier lilnes every two or three cells. 

Once the national totals were ol)tained the stafftproceeded to put together
tables like those that follow. The addition of more variahihs trnn the dalta 
forms was a relhtive ly sim)le maitter IecaU'se Oie ithe I'oW 111(l coh.lmn1 
marginal total;; hor theIprovinces and thte nation were obtained for tile 
classificatory variahles, it was easy Il.,ueto raiuid and accurate tabulations. 
The entire process of sampling, sorting. tabliitinl, and prt'paration of ap­
proximately 30 tables, hegilning with an untraacud staff, took hss than nile 
week. At the en(l of tht' week. lit s ll] \\.i.t ale to coftinum Ih prcs . oil itsli, 
own without supervision.
 

In summary:
 
-A random sample was (Irawn 1'om the data firns collecte. in 

March 1976,1)I v selecting every Wwt \vllhtaclnl l iH of th­
depart e nit'its. 

-This samil 
rtleth ifhliicd r'sills thalt cillilap i l t'c . \,l h lholob~taine~d [ril theul\('>V. 

- T"Ibttlatio l \\,is dhon(, 1)\ lir~t ,olltlu lit - i lo h-d fr, lilt() 

shiIts: and f'iiill b Ioi l of r h 
- T lbulation oil lit,, \artiblis --t'huc d \%;- d lif , hI;mId h \ p1!)\

ilCe, cross-tilhulm illitig up t) 6i l ilrauhit ti .\ i lutzgtroup~s formed ill >t( p 3.I-The e uti iiiCl c ,, and ta lll ,n. Iho.itlld* 

traiing of titlfIt t(Iit. fiok l luiwi fit' \et'l , I , ... \I 
t'qui'AVl ' t i 11;i Vlin U, 11ii! ll ldt l r,, l \tl1tlilt- i 1ii1- \\ ,,ull h i\ 
Iak( i I; miil'. 

6.01 h ,'r.Ir, o(\+ 

U._nlike, co ei tiona{lll+ll retsearllch dv l+,'.,iIl. w\hich getnciall 3 Intendedtl (I toilre 

'close" ahtcrlu itv. I).%proivdiig hififit , i-\vtf lhe na al l\I cal pIr tess
r~eco)llnlif Jh d ltr lite phail te is oane ill \wh ip , blhits ill.( dh cMxVIId '[*'h( 

eflort is to ge'nt'ritl' lloto' hivpthit'st's rathowr thal to t the-t' if\et td 
before fhiesi'iich Isgan. 'ese' plfin'fch-ufitly't seTlhefol,hiff ut, w;i- toi 
rntodelth ' t- i .In' tha 1h4)tiist whe therhis vxl-t mg n u ''l to I ffiltv'.At t hiv t d P ntthit \ ll o ch' (n t f lit- .\ ltoth :.ctk t tinp;'ve 
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models and specile how to improve a
model system. But the operations researchused here reaches that end by induction, while tile conventional socialscience approach is basically dedtuctive. Previous chapters used statistics to'expose" the pIrol)lem. In operational terms, this means that the planneranalyzing basic statistical data tries to IblIlow variables "tlrough" tile sys­tem's cycle.

Strictly speaking, the inductive process could begin any were. 1BuLtSometime is gained by Iegiming with policy V.a1riables as sLggested earlier. Theplanner looks to see how variatniassociated with other factors in which 
s in the level of a polity variable areII' is intrtested. Ide'ally, he has somenleaiSr' of desirable systeem olcoln's le.g.. 'tldvnt achievemntt I. 11, IlillVNcases he will have sonic proxy or that, oir ie"elIy 'IsStII il)tios about whatwill lead to favoral"ble OItco,(*s, lie gVoes thr'ough his set of varial)les looking1o' those that seen to b, lao.- highlv as.(-iatetd(liscIi'ding those that seem 

with his outcom, measure. 
to iakt' o diflbernc,. Thn he tre(ats those tolictyvariables tleisel,ets is 'uitcom,. and looks foiv'inables that artwith thema. tither as associattedilpits ' ofras collt iliiig fittors. lIft exposes. st'lhcts.coip ltes,r'.jts,0l' kt''ps varilnthts. altinipiing. withincrease each selection,tht toabi lit, of thi, "''iiiodltl" li,is t c ns'ttistic to " 'Xpf~lin" \01hat i,going on. Recall the additie model and the steps of'"polislii'g" the fit. or theuse of data transformation:i to improve the descriptive quality of' a model.Tie sampling and tabulation techniques described earlier f cilitate thisproct'ss bi'cat'ot Iley anhtw th,Variahhs ill ililtl lt li u lll,uil '.,vShort portlo< tl%.t I it'itli(d tillit,. 114, Is through ;t 11tiiinbi.' oflt, lll 
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One of the problems that most concerns the Director of PrimaryEducation is how to provide access to school to those children inrural areas who currently do not attend school. The problem hasseveral facets. First, the dispersion of the population: in rural areasit is difficult to put together enough students tojustify having all sixgrades. On the other hand, it is known that the incomplete school encourages repeating and dropouts, and that many children finishschooling without having completed the primary cycle. Sometimes,tojustify the assignment of teachers to an upper grade (where there are fewer children), the Ministry will put together children fromseveral grades -for example, a 5th and 6th grade are taught by the 
same person.

In other cases the problem of access it, one of space. The Mini;try
cannot build schools fast enough to handle the demand <and tir that reason private el ii laton is glovillg mle r1ap0idly 'h ere aTe caisesWhere there is elnough Slace in the school, but nt enough 'eachersbecause there are not enough I'LnIs to hire thel. In both cas(es tIhedouble shift would apl:ear to he a reasonahle solution, as it peilniits abetter utilization of' the space that is availahbe and of the teacher
who is alreadN in the rural arev.


The DP1 (ecide(l to stuclh 
 how these two dif flien0t policies havebeen applied. I hlve the\' sl:vd to le, ce the nundr atilnltophte
schools? l)oube shif'ts hle liten ustil fir a Il1n er tf vears, andmultile-grade classes lctill all colli101l(} '' |ii ll v(l r ag , Illthe last th vet\eal-; afthir use, what have htein n'tlllts. C.lidnhe 
the Mi l.strv (;I,Edihlcaition Itn . thil 1ole w itltv\ t( i 'CCitl.e:CCV'1t 
to school?Ill order to an:swel Ililt-v (11estionllsth Il('I' I ljtcd a type (11 panlcl" 
design ill which data lit194 hio ills tli saImt Sc('itts \\it iiilv olt.,(71!975,and 1976;. 11W 0XIMctktil %%.n1~ lh1\',ao-,heclmrl ;ollovt r 

yofficial )rls t t r i ti~tI with ipitr t't iil c i 

itllipmt t',

Forlse t h ile tit't l l 

- fit
witha coln.e(I i,lre n enr,]llm-ni ..A tumck iautat 
. o il ch ), ,tilhavle iu classs Ill e
 

data only l'rol 19)76.
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Di~s'tri
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hie to see that all of these schools operate at only one shift a day,which suggests that in that case, space is not the main prolem .
 
The DPE then put together another table to look 
 Iove closelv atthe result of double shifting. The results are presented in Tabhle 6.8.The assumption is that double shifts are used when there are mor,students than can be handled in the existing space in one shift. Only
rural schools are included in Table 6.8, since we have sen that the
proble m of 
 incomplete schools is principally a prlblelm for rural
people. As Table (i 8 shows, all single-sh ift schools are inconplete,
whether they have multiple-grade classes o' not. 0ne(call conclude

that these incomplete schools have space. but either klil to attract

enough students to operate all six grtdtes. o(1do not reeive enIlugh

teachers.
 

Table ti: 
Single or Douhl Shi/lsill Rural u1o/s, ,Stu/). S( d Sli,/ uatio 
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offer more grades (1by running two shifts) - they either need to 
ieceivc more eachers or to ask those currently in place to teach in 
multiple-grade clsses. 

These and other tabes provide a rici souice of suggestions as to
how the Ministry of Education, and specifically the Department of' 
Pimary,1'Ny EdcILtiOn COuld begi I to identit schools - and the zones 
and prol0vi nces in which they tend to be located - that need special
attention. The tables provide an easy means of evaluating the con­
sequences of ipolici es such as double shifts and in u Itiple-grade
classes, as Vell as I)ossibilities for ext(.nding the application of those 
policies. 

In addition iI the rtp't 'trojll witch the, above was 'xtracted, the I)PE 
wrote fiui other reporls blased ln ti anal'vis e1,n dtri o il, week, using 
the sampling i(d taihiilatiIig tCt'JIUiiltlIeS de r'ibed alo)\'. ()it of, the reports 
coiilstrittti age-al emtr"lmles tllot'',01 e'ral cillos)'cltie .\(el's. ant used that1 ! 
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Furthermore, the UlSes study has shown how this p)proach to data analysis
Can serve as a training experience lot staff' an( lead to progressivelv more
sophisticated analyses. Two other comments on the ilalaguayaln experience
41ould he noted. First, as a result of' a close look at their data, DI'E staff
members began to notice svstemltic irrlgularities in the data raIt 'ted.They
form'tIul a ted a series (if'h ypotheses as to the causes of' these irregulari lies, in
general with considerable skepticism about some, because the speculations
were biased on assumptions that the teclhters (h(viited significantlh%lrom
 
Ministry rules on registration of ,'udents. A visit 
 to various schools toobstrve the lrcess and test the hypot iese, taught t lie l)l'l' staff a good deal
about what reatly iappens ill the lict As a reslt,till-y ;t(, clialgi mi their 
pl'ocedtu res. 

Second, oine of the Iiotst (hiaiimiltic chanlites has4 bitel ill ',hltimlhiii \wItlhother departntwints oI the Asinisti.v.As a rc-ult of theI.Itiialy-\'e., a1d tIh,Circttllt ioll oh ifilml iol produce, lit her k.p~art Ilerlitsa+Irenow h(-111lnito t4) 

se the IvI IEas ,o<trIiltllil l Nlini-tn Thc IIiris It 
result that it i llo,\ lo..4ihh , I() request.'Xlit-t't 

v• atnd co lhIho'+tlllpar'tlilt ltS that p oll~ti+t>l+ from dc­i,.+,lgo llotltil l
 
lFinall v, the' o.';>4v dte.V{ lllto +li tt(.. onl, l
i+l i I l't~ l t- it+ lltl­

nlinl . Sel'PridiplItv I> it IM I.+(oI' +lotjr'uv' (11 ll\ lt ill jl1;tf1tl]+1U, dc,>plte It' 
ra;tionli~]st tlli, 
dipit , to i.picil.,am l to bc in ;l lm 1111111l 

h Tl'ue+<good lllw llt" 111,1111'po.--alde, 1t) ;11l()%% -ll 
to+lklk<'. Ih t i t+it \\ ho'l1 it dlw ,
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APPENDIX 

Selecting a Simple Random Sample 

1.0 Why Sample and What to Look for in a Sample
Situations may arise where the analyst is unable to deal with the entirepopulation of intere.st. It may be,for example, that the universe is very largeand collecting and analyzing information would be excessively time cansum­ing and expensive. Or it may be that the analyst does not have access to allthe units in the population. In such circumstancTIes a sample or subset of theentire population is used, anti informaltion is collected and annalyzed for that 

subset. 
In selecting a sample, one is concerned that the samlple is reprtu',nitilil of'the larger population. For example. one wouild not %ant to exclude girls frum 

e 

a sample of secondary students if statenients aout both boys and girls alre tobe made based on the sample data. One, is also concerned with theprcisi.ct. of'the sample selected. Precision ref,rs to how clisel a statistic comlputeid fromthe sample (for example the nan ol'o.le tit be variables) would lppro ch thesame term ifthe dati for the entire populat io were iist'd. ( )bviouslv west rivefor increaserd precision when selecting a sailplt. W\hile itIi not possible toknow exactly how precise aIgivell saiipe is. therelore ire llotls to t'stilniatt
the precision.


There art' a variety of' wa;vs l seltecting aI aimpl'
both repre"s'u ttit ,o thti itis hkihy%to he ,and ftairly precise. In thi, ilplpltiiix, 'ilvymethod will be disct'lishe ('all ed 
'it such 

mioit ' rIon/,,
monly used wio' 

/ l,, it,tt i l ltiit'Colselecting sainplh's. It is cilleud 'iiiphi i'ecalit'more elaboritte niethois tih,,+,art,f ranthiill 'aiplieach ut n il t, g It is callhod iro ns s t-hcted illit hi -tiIi,
hrindom f.1shiln f'roHIill ilml:t11ol
 

In lict it is tih,raindu il culiutllrnt % rwhich Ilriiially,i
is re ,,that ti ,'ampleti iv 
 '.l ;'I' iihtlllpllois rilill(h that ;i trlv ra uhdillprocess w uild Ilim nate -t'il Iitiiiiases i l tvlctoin that Ncalt.,'unre'pre'sentative,ofthv.et'Iirel 
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2.0 Tables of'Random Numbers 
One technique that is commonly used to select a random sample requiresthe use of tables of random digits. Table A.1 shows several hundred randomdigits taken from a book ofsuch numbers. Their use in drawing or selecting asample is really quite simple: 

a. 'Tiepopulation to be samnpled must be clearly identified. Is it all4th grade students in the country; all women who teach in in­stitutions of' higher education; all schools in a given city: or allacademic depa.'tments in a university?
b. A liting must be malde ofeach unit within the population. Forexample, in the North Central data set, there wire -136 schooldistricts. If we wished to drhaw a sample from these districts, eachdistrict would first be listed, 1)yname. 
c. The sample is selected from tl ptOulatiolpling procedure. h'lis can 

using alrandom sam­be (done. illa v irietv ,it'ways.example, if' the populatin For
units ar, writt(.n do'n onl separatep'eces of' plaper, plac'd illa contailnur, andselection well atixed u1p, thelcan Ito made I)%-drawitg out thelxitik frill~ thI ippropriat nuitumbtr of'w 'otltail)1r. 

A cotnvenient lrocetutr biorseiectinig a rairiolhl sttlil.randomt digits stuh h zelie.s filltthtlis of' .,th,,' 
'ri it hh'ab, Firt, eachpopulation 
A. I otthe ultlls illfll,list is+assigritdi svitintial nurnhtr, >aY from I to the
units mtitier of
it+the populatiol, r it North ('t'itr'al IatNI, each iistrictwould s dtilbe gm-1'il a utijlillr froll I to ,1:0i;,e illelb ptrperofi 
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Table A.I: 

A Table of Randoni Digits 

97536 10086 
 85020 01457 
36123 63298 
 94553 34885 96718 02866
61364 50594 
 03771 54929 
10697 78180
33815 44213 41958 77570 48798 50099
79352 90824 
00982 84185
12380 71341 07982 60782 46932 41577
07728 89117 
 17776 68254 
 97580 91291 98582 05278
18773 80244 
 08238 28556 
33787 32665 
 58681 93348 95619 63540
 
20689 34533 
36739 93357 93311 92935 50547 11202 
 67566 28765
37935 51951 
 62884 61210 
 99044 08740 
63113 69-119 85137 13273
52185 26595 
47285 68194 
 03212 81678 
35589 23620 77114 82,137
56358 99115 
 55855 65467 
 75535 69053 
 36450 67627 31643 42905
21269 89886 
 61463 95656 45151 07085 71831 57161 
 359,') 90243
 
05973 63390 
60980 15719 
 69493 61678 
68406 4 229701142 06250 8377 359,1083688 61275 
43629 96727 92783 15253 
 7.1389 .10718
65827 55202 
 46406 94370 
63183 21405 
 57107 12552
78076 97544 7180 412(9
60869 93203 
 80007 13341 61564 13987
51130 17431 3663 8912,172885 87831 74686 87221 93267 713(1 77489 59.11€) 
55696 70981 25750 92783 06806 31277 00231 7836506877 31082 6t126141782 98528 75-121 40631 75505 65036 3790052413 39539 50105 ,.13ti3-9032 95054 62670 0288, 29955 6 

1ht82069 45994 29859 - 15611238 47062 36298 43167 58227 88397 :,9718 92H8569123 03166 ;5 52408 11175 37165 96239 11992 21831,,29 
04657 18785 5-J33 12267 75890 8,1585 80666 58079 301,933729 52930 46087 81507 9 ISO3-1414 06738 10502 26495 .17555 ot86.927375 99356 
 96162 96477 40068 996.11 2,15041 1177105799 480,13 73863 27601 

.81,19 .11-1:1
89225 Q2'633 58188 761126 (-77( 111,57629 07568 20655 -19808 59111 95332 67985 10176 11 * ; 1897, 

02469 522017 9:,920 (06942 976239
22322 60910 96017 .11711 ):,Hs '037287127 67,110 79,171 5219 21147 121 6, 27 836 L 52341764 78277 12900 29663 1J1 ;'.,702-18 2'331; 86928 21351 028,.94 163;91266 51881 '10595 22371 61612 6.6-19 42017 61396 0989 7 ­17089 29965 38282 67098 6263)1 92070 9-1011 88900 2-110,9 31:;:12 
13979 21(626 44887 14088 
02814 39801 

89315 327,28 578:15 19:,l46 5'11.1 (.917909695 G11001 52515 601221 725(9'42758 84138 81:386 37046 57583 ,157 3' ill131102 61625 41398 0.171,5 5:7,S1 I15,:26137 38253 21094 86058 76 161 03691 33(80 86618 1,3277 '11 1 65 E31 16:379 25,121 18829 70302 2 13,.I 75117 55: 1 53,81, 8911 
05304 83-119 57630 -11873 8O128 5(H3 95 83511 8228: 19572 0013,

85315 77842 9-19:17 72439 2 1390 3(01 7, 
H51,17 065,15 15737 
77075 -1705:? 90309 35516 :1:21

508162 88321 098,85 67118 12(O 9 1,1595042 02173 88237 0.15417 06192 181 ',o 18563 )36:113 5,13.15 .75 1,:85900 1091-I 5(-122 30785 13152 28618 ! 476(0 :1f:99V 19 1:1 5.1.53I., 
28598 158141 72041 83-178 06101 525H-1 57171C 71 ('8 1 3779732598 22,181) 211.97691 53206 77568 5177 1 171 177 1 81 1:. I 1I1275.1 33283 50766 95608 2610 t,26224 60672 37069 89927 

81-117 5521)7 1841'.. 9S, 1A 2278*,24,109 07257 2'98)1 :171"9 .'] ,8 I11.103084 47595 J122H2 6-1559 !,0 1H7 37878 58718h I '2 21:12' .1hI.h. 
71590 71151 55141 28586 77919 5702321725 19925 16)174 

502Y5 )911,70 0'5H-19 'I1,,18190 H7721 7:18.33 :1737- 22:1.(6492 85232 5211,W) 93715 0.!169 20-168 8 1461 J-1.:1817935 111,h 7 it,7J :'107598919 77616 (1709 4761, 65(+42588A171951 60521 1:3:8 72k)1): 535f.159731 86619 1)0199 12)052 490!2 .14,17 1 119t 361 '95 ( (6 

Source: Rand Corporatinn, 
A lllion Random tq~tn wittp 1cr.-l'alGle n c o e , I l l . : The T-r e-e- Pr e V - --'I, - i17,":'a ('vatc -n- ! : v i- e i ' o . . . . e-
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represented in the sample, but only once. We agree to discard the second or 
subsequent duplicate numbers, continuing to draw numbers until we reach 
the size of the sample desired. 

Suppose we work through an example showing how to select a 10% sample
of the North Central school districts, using a table of random digits. Further 
suppose that the random start procedure resulted in the 5-digit start of 46406 
.aom Table A.1, which is in the 3rd column and the 13th row. The last threedigits are 406. This is less than .136, so we agree to keep this as part of the 
sample, meaning the school district assigned the number 406 in the popula­
tion list will be a member of the sample. Reading down the third column as we 
agreed to do, the next number is 869. This exceeds 436, so is not used. The 
next number less than '136 is 032, indicating that the 32nd unit in the 
population will be a member of the population. Continuing in this way we get
the following list of random d;gits, as shown in Figure A. ! ',L. Those exceed­
ing the numbe; k36 are crossed out. while duplicates have been circled and all 
but one ofeach duplicate crossed out. In this manier we select 101; ot436 or 
44 districts to be in the sample. The first ,14 numbers drawn within the range
of 001 to 436, and which are not duplicates, are used. 

FigureAlI: 

Uing a Table of lcandom Digits to select aIRandom Sample 

a Steps in the Process 

Stet. 1: Close eyes and place finger on Table A.I to get randoml start. 
Suppose it is .164|06 in the, third co.tnmo and thirteenth row. 

Step 2: 	 Write down the last thi ee di ,ts in each five digit number., begin­
ning with tle ri.:iiioni stairt. ,tid ;,riceding down a ciltinn and 
across the page coltinit by et', 

Step 3: 	 Reject those nuillbers irtr tha l the hightst iinn]1her assigned to 
units in the, populationt. In the North (ntral example there are 
• 3t6 units ill the popIolitloll, o w(, will re'ject raildonr liiinbe s 
greater thin .13t(. Illi - table il part h). these have heel indicated 
by cro'si ig them out. 

Step .: 	 ['set a stein anl eat'diagram oit Ie r,,nainig nuinhwrs tocheck for 
dhiplicat [tills. A single ith:'h ,rman oilv he, used once. Ill the i llo\,,-
Ing ta le, huplicatiomn s lial, bill Indicated v ci(.1 tli'g a nlCriissing
0ut all hut 01t12 ol 'c~ch duplic;itt. Numh ers iot cros d ot itidlicat 
th, units to h, suhtiid from tIle, p inhtion. for ilelosior; ill the 
sam le, A H Y; saiih ot' the NothI Central dtft iii, i.; we will 
,select ilte I'n st .1-. Usahh, ulgiits ill tOlWtale,. 

b. Table 01f tsE'llie la1u1ir+ ligits 
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406 162 386 -1W.66--81 370 -- 046 40& -9.9- 183 
46--136- 094 069 
117 203 404- 058 -92 -7-6- 007 
-285- 46,-(.99& A@&49--28- -469- 4R9- .68& 
-7-4 -63- 141 357 4 -42 -&4 86- 311 -&W 
-.18- 410 -99---3- 210 r-4-74- 315 
 190 044 4-1­
032 -9%8 309 169 194 054 -63-- X,16- -45- 212 -60-­

-998--695- 237 -709---46-7-062 374 -&4---696- -'- 298
 
--S(j 422 -69---66- 408 098 -.8 099 151 175 
-M-3- -847- 041 -46-7--4-9- 267 088 -4-9- 123 A9+ -9­
087 -695- -694- -9,4 275 --99- 001 206 -69-7- -& 9--444­

3.0 Sample Size. 

The previous steps will pIermit the selection of a simple random sample
from a reasonably sized population. However, how does one know what size of
sample to select? How many unit!, from the population should be selected? 
This is a simple qu e.,tiou to ask, and a verv practical question too. However, it
is not a simple question to answer. Ih-;fact the size of the sample to select 
depends upon the following things: 

a. What wC wish to estimate with the Sample: a ru-an, proportion or some 
similar statistic. 
b. Hlow precisely we wish to (stimate tll 
statistic, that is,how close we 

wish tihe sample calculation to approach the iiopulation figure. 
c. What :arllliig lrocedure- was used to select the samlle. A simple

random sample will requrit- a ditfferent nulier of'units for a given degree of' 
precision than will other sampling I(tlit(Is.

d. Finally, and roost (isconcertinglv, tin(- sallh' size dvpents u101 tile
variation in th(olllulat ion Ol tc'(err. 1)OllhItioiIs with wide varjartiojn in the 
variableofinterest ,.;I] fer itrelli re a Iarger saIlIll giveil degito, (&p rcision 
than if the variation is Iamlher. Siown in Table A.2 are soin,itaiple sizes 
needed to achieve a precision of'plus or iius 2'7, iii 95 out f evrv 1()
saml)les drawn, fir two iiiflerent assuml tios cottcvrl.:(ill the variation in a 
lopuhition variahl X. Tahh A.2 shows how large asamplte iuist hi so that if'100 sainlles were drawn ech one using the full set ofIt'itlllitio units to 
select fro. 95 of tlhi would ti ateH. Illeila, (riIre vaiiahl X within 
plis o minus 21,. lhere-at two potints of'int--st i''lahhlA.2 

First,to achic-t,a specified degr- folpirecisioi.
tile absolute level
of tiresarlple size isInure impor-tant than isthe relative sizeof the saiiiteh ciiriMjiarite IpL Iultiiri size. lod t t-Xamphl, to 
achieve tin-hdesired pIrcision with a population of'100 and 
S 0(),()I-'. \w I rIIiistseect ,I' ()'tihe tI in thepopullation he 
sInphille. lut tO aclieve the Sauit- pireciSiil With a tlopltil of
10,000, wt- ius oilNI selct 93 units or 0.Y; ofthe piopulation. So.foragiven lev-I olplie(cision, it istruch inure i ilirtanit hoo,?Oany 
units are illt he sample than what l)t'rcentage oftire total popul­
tion tim satumple re reserits. 'Thisiswihv it ispossible to do a
nationa Isurvev wit oflIivasmill noUihel ifipeople in tiresa lle.Italso indicates that oo' way to increase thtl precision ofestimate 
with a sample isto increase the sample size. 
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Second, note how the size of the rquired sample changes withassumptions about the variation in the variable of interest. Toachieve a precision of plus or minus 2%, in 95 samples out of 100,requires 71 unijA in a sample from a population of 500 if thevariance is 0.01X2, hut 180 units if the variance is triple that. 

Table A.2: 
Sample Size Needed to Achieve a Given Precision,for Simple Random 

Sampling 

987 Precision, 95 Samples
Out of Ion
TotalNumber 

S-mpl
inUniverse e--
Number inSample, Size
- as ! of the Number inSample,
Variance of X=0.03X 2 as I of the
Population 
 Variance ofX=o.OiX2 
Population
 

100 
 74 74.0 
 48 
 48.0
 
200 
 117 
 5P.5 
 64 
 32.0
 
500 
 180 
 36.0 
 79 
 15.8
1,000 
 220 
 22.0 
 .6 
 P.6
 

5,000 267 
 -.3 
 92 
 1.8 
10,000 
 ?74 
 2.7 93 
 0.9-0.,oM 
 28o 
 0.6 94 
 0.2 

It is disconcerting that before one can select the proper sample size some­thing must be known about the population that is to be studied. Usually thisis done by running a small pilot study to estimate the variance in the variableof interest, or by using other studies to (e-tiniate the variance. Barringrecourse to these types of studies, one could Ilso simply usewhich states that at least 100 units are necessar, 
a rule of thumb 

in a simlse random sailpleto obtain an "acceptable" level of' precision. 

41.0 Other Sump~liig Pr,(edures 

The sillple randoll saillpling pr)ocedl res outlined inwill suffice for man' 
the present Appendixsituations. There are other, slightly moresamplingschemes which complexire alsooften used. These include stratified, cluster,or multistage random sampling techniques. l)escriptions ofsuch techniquesmay be found in the texts listed in t1w lilbliography below.In Chapter 6, the planners in the case study on the list, of educationalstatistics in Paraguay used another very sissple and inexpensiwv, form ofsamilingcalled systematic sampling. When a list of units in the population isavailable, systesmatic sampling can be very convenient. The essential featureis that the list is arranged in some order andagreeing to take a 

the sample is selected byunit at periodic intervals. In the Paraguav case study 
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there were 3000 units (i.e., forms sent by primary schools) which were
separated by province. The analysts wanted a 10% sample or about 300 forms
selected for the sample. One in every ten forms was selected for inclusion in
the sample, with the starting point randomly chosen. They could, for exam­
ple, have written the numbers from 1to 10 on pieces of paper, put them in a 
hat, stirred them up, and selected a number as the starting point. As indi­
cated in Chapter 6, the starting point was 3. This the 3rd, 13th, 23rd, etc. formin each province was chosen to be in the sample. This results in a sample of
the appropriate number, with a random element incorporated. If there is no 
order to the list of population elements, the sample drawn will essential!y be 
a random sample, although any periodicities in the listing could make it a
non-random sample and might bias estimates of parameters of interest. 

Bibliog aphy 

In increasing order of difficulty, the following books all discuss aspects of 
sampling theory and practice. 

Slonim, Morris James. Sampling. New York: Simon and Schuster, 1960.
Stuart, Alan. Basic Iders o/'Scienti/ic Sampling. 2nd ed. New York: lafner 

Press, 1976. 
Warwick, Donald and Charles Liininger. The Satiple Suruev: Theor and,

Practice.New York: McGraw-ttil], 1975. 
Kish, Leslie. Suruey Sampling. New York: Wiley, 1965. 



Coda on the Passingof An Institution 

These four volumes bear the institutional signet of the Harvard Center for 
Studies in Education and Development (CSED) which now, after almost two
decades of activity in education and development, ceases to exist with the 
close of the USAID/Harvard Project and the publication of these books.
Founded in 1961 as a research center in the Harvard Graduate School of 
Education, CSED later developed an extensive instructional program, at 
both doctoral and master level, in the specialities of education and develop­
ment and educational planning. CSED trained over a hundred professionals
and scholars. The majority of'graduates were educators from developing
countries. CSED also ran tour major ovrseas projects and a number of 
smaller activities. The one major Cambridge based project was the USAID/
Harvard project in educational planning methodologies, now ending after
five years. From the overseas development and research prejects have come a 
score of books and hundreds of' research studies and journa; articles. 

During the nineteen years CSED functioned, Adam Curie, Russell Davis 
and Noel McGinn served as directors and William R.Chiarleson and Charles 
N. Myers Jr. were executive directors; and n:)re than a hundred others have 
served as research staff, instructional stafl' in the planning prograni. aand 
administrative and support staff. 

With these volumes CSEI) ceases to exist There Is no irmlv in the tact that 
the Center,estal) ished to studN.tile d v nat ics otdeveloiniet 'rid tie pro-ess
of change, should itself ndergo (tfilge ilid pass froiln Ili scent'. What could 
be hmore nlatu' al? No reative art isthas ever toliind an ending that iTliproves
oil a good deatI. IIn it', recorT'('e(I work, and iI11 1ilemorie s Ift Ihse who were 
associated with (',SEl), nothing has ened: evevthing goes ol. 



USAIDIHARVARD PLANNING PROJECT PAPERS 

This is a list of titles and authors of 82 project papers (numbers 15 and 34 
were never completed) written in the USAID/Harvard Planning Project. 
Slightly more than 50 of these papers appear in some form in the four 
volumes published here. 

1. 	 General Issues and Review Papers 

Serial Number 

1 Russell Davis 
Barclay Hudson 

2 Suzanne Prysor-Jones 

3 Donald Snodgroes 

4 	 Russell Davis 

5 Russell Davis 

6 Andre Daniere 

7 Russell Davis 

8 Russell Davis 

9 John lieardsle' 

10 Noel Metinn 
l)onald Slttfgrass 

11 Douglas Winrlhain 

12 Samuel liovles 

13 	 l)onald Warwick 

14 Thoiiias Welsh 

15 

Issues in Human Resource Development 
Planning: Research and Development Pos­
sibilities 
Education and Equality in Developing 
Countries 
The Distribution of Schooling and the Dis­
tribution of Income 

Planning Education fIr l nnIohyme int 
Usefulness oltMacro I ,ve Manlpower Re­
quirenlents 
Identification of (Country Objectives, a0(1 
Reconciliation with )bjectives and 
Strategies of U.S.Assistance 
With a Viv to till, Future: Tracing Broad 
Trends lnld Planning 
A l)elphi Perspective on l'uture Assistance 
to Edtcation in l)veloping (oliutries 
BIneficiary Par'ticipitMin in floral l':dUca­
ion l'rograis 

A TpVology Af lmjilic:iti,)ns (1f'PIanning 
Educatioi for Ec(oliolll( I)evhelopnlent 

lanning: An Altemnativi 'toneption 

A tClass Aialvsie of lResource Allocatiom in 
ldlicat ion 
Integrtiing Plh ni.ilig oafl Ilphn nielita­
tion: 	A 'lrai.actiioial Appro;icli 

( ,,ai mid Nitioiimil lurposetillihimiing 

Inevel colipht id, 

11. 	 Systematic Treatment of Issues and Methodologicall Problems 
16 I)avid KIlit. Iitroduction to Nonforiial z'iducatiii and 

Its tllmnniing 
17 	 Donald Snodgrass Manlpower Phnning Analysis in Develop­

l)ealbrata Sen ing Countries: A ('ritique 



18 Andre Daniere 

19 Noel McGinn 

Donald Warwick 
20 Hans Picker 

21 Donald Warwick 

22 Jean DeHasse 

23 Russell Davis 

24 Noel McGinn 

25 Noel McGinn 

26 	Russell Davis 

27 Noel McGinn 

28 	Elizabeth 'Iruesdell 

Mary Hyde29 	Russell Davis 

30 Russell Dtavis 

31 L'ascelles Anderson 

32 	 Barclay Iludson 

33 	 Ernesto Schiefellreir] 

34 

I. 	Instructional 

A Survey of Educatio,.i Sector Assessment 
in Six Latin American CountriesSector Analysis in Education: An Analytic
Case Study with Recommendations 
The Relevance of Education: A Program­
matic DefinitionAnalyzing the Transactional Context for 
Planning
Morphological Mapping: A Methodology 
for Increasing the Fit Between Planning
and Implementation
School Mapping: Planning School Services 
for Areas Within a CountryTypes of'Research Useful for Educational 
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