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CHAPTER OKB. 

General Introduction 

It is the purpose of this volume to present a general discussion 
of the research problems which were encountered in the Aviation 
Psychology Program in the Army Air Forces and of the methods 
and procedures which were developed for dealing with those prob- 
lems. Succeeding reports will, present in detail the results of the 
activities of the various organizations working within the pro- 
gram. The reports will describe and evaluate the various types of 
test materials which were developed for aptitude testing and will 
cover the general research activities in connection with the im- 
provement of proficiency measures and with studies of training 
procedures for each of the aircrew specialties. In the present re- 
port specific data will be presented only insofar as they are needed 
to provide illustrations of the problems which were encountered 
and the procedures which were developed. No attempt will be 
made systematically to covei- the data for their own sake. 

The psychological research program in the Army Air Forces 
may be divided into two major phases. The first of these to be 
undertaken was the development of testing procedures for use in 
the original selection and classification of personnel for assign- 
ment to the various aircrew specialties, with particular attention 
to the specialties of pilot, navigator, and bombardier. This was 
quite a unified program, with a rather well defined and precise 
objective. The objective can be stated as the development of pro- 
cedures for the assignment of personnel to one of a number of 
training specialties which would maximize the effectiveness of 
subsequent training and combat operations. We shall see that the 
objective becomes somewhat less well defined upon detailed analy- 
sis, as we try to deal with it in terms of specific operations for 
classification. However, relatively speaking, the research problem 
remained a homogeneous and unified one. 

In the second phase, the research program branched out from 
the initial research in original selection and classification to the 
study of all types of psychological problems relating to the ulti- 
mate effectiveness of combat personnel. In addition to initial selec- 
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tion and classification, attention was devoted to the improvement 
of training methods, objective methods for evaluating proficiency, 
later classification into special duty assignments, evaluation of 
combat leadership, equipment design, and a variety of other prob- 
lems. Though still held together by the general theme of maximiz- 
ing combat effectiveness, these studies were not unified to the 
same degree as the earlier work in selection and classification. 

The lack of unity in the later work makes a systematic treat- 
ment of research problems in those areas difficult. For that reason, 
this report has been organized basically around the problems of 
selection and classification. Many of the same problems, such as 
those of criteria of proficiency or those of determining reliability, 
enter into the various other types of research projects which were 
subsequently undertaken. In fact, the number of entirely novel 
problems introduced by training research and the like, as opposed 
to selection and classification research, is not believed to be great. 
An attempt has been made to discuss a few of the problems which 
were unique to training research in the last chapter. 

The sequence of chapters for this report follows in a general 
way the sequence of operations in test development. Chapter head- 
ings are as follows: 

Chapter    1. General Introduction 
Chapter    2. Job Analysis Problems and Procedures 
Chapter    3. The Invention and Refinement of Aptitude Test 

Forms 
Chapter    4. Problems in Determining an Adequate Criterion 
Chapter    5. Determining the Validity of Single Tests 
Chapter    6. Obtaining Composite Aptitude Scores 
Chapter    7. Problems Associated with Reliability and Reli- 

ability Determination 
Chapter    8. Problems in Correlational Analysis 
Chapter   *•  Sou*ces and Control of Error in Test Scores 
Chapter 10.   ^railing Experiments 

I-- ■r—J •   ■ •■ jsaagg; - -  --■ ^ -T 

.1 



I     ! i 
CDAPTER TIVO. 

i ' 

Job Analysis Problems 
and Procedures 

GENERAL INTRODUCTION 
As indicated in Chapter 1, the first phase of the research 

program in the AAF was the development of procedures for 
selecting men for different aircrew specialties. As In any program 
of personnel, selection for a certain number of specialized jobs, 
the first step, logically and to a certain extent chronologically, 
was an analysis of the jobs in question to determine the activities 
which were carried out in those jobs, the circumstances under 
which they were carried out, and the psychological traits or 
functions which appeared to be important in carrying out those 
activities. 

When the psychological research program was first established 
under the jurisdiction of the Air Surgeon to do research on the 
selection of men for pilot training, it immediately became obvious 
that the first need was for better information as to the characteris- 
tics of the job of the pilot. With each subsequent expansion of 
the scope of the program to include, first, bombardier and naviga- 
tor selection and, later, selection for flight engineer, radar opera- 
tor, gunner, and various types of specialized enlisted aircrew, the 
necessity for analysis of the new job specialties continued to be 
evident. At the very beginning of the research program, then, 
and continuing throughout the program a good deal of research 
ofTort was devoted to the problems of job analysis. Major job 
analysis studies were assembled in a series of Analysis of Duties 
Bulletins which were distributed as they were issued to all officers 
and units concerned with the research program. It will be ap- 
propriate at this time to consider the various approaches which 
were made to studying the different aircrew jobs and to attempt 
an evaluation of the contribution and of the limitations of each 
of these approaches. 

REVIEW OF  LITERATURE 
Naturally the first source to which a scientist turns in dealing 

with any problem is the existing literature of the topic. The studies 
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reliability need not be high to permit valuable research making 
use of the criterion, but it must be present. 

Certain summary performance records appeared to be reason* 
ably satisfactory from the point of view of reliability. For ex- 
ample, in a study at the Psychological Research Project (Pilot) 
the reliability of a series of air-to-air Axed gunnery mis- 
sions amounting to 1200 rounds of firing was estimated as 
.63 (N ■ 1064). On approximately the same group, the relia- 
bility coefficient for 400 rounds of air-to-ground gunnery was .59. 
In other cases, the reliability appears to he much less satisfactory. 
A number of of estimates of between-missions reliability are 
available for circular error in bombardier training at the Train- 
ing Command level.* They give the following results: 
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The median of all these separate values is .08. This provides rather 
a crude estimate of reliability but it docs not provide very strong 
assurance for the use of this criterion as an evaluation of Individ-. 
ual proficiency. As applied to crew proficiency, where pilot, navi- 
gator, bombardier and enlisted crew members remain together, 
the reliability appears to be somewhat higher.4 In this case, per- 
sonnel in the plane is held constant. The higher reliabilities con- 
firm other findings which indicated that circular error was as 
much a function of the pilot as of the bombardier. 

As an objective evaluation of the proficiency of radar observer 
performance, results were available on circular error in radar 
bombing. Analysis of available data gave the following results 
for odd vs. even missions: 

r     N 
Boca Raton, av. of 3.2 missions 32   112 
Victorville, av. of 4.3 missions 20   372 

The results for these different criteria in different types of 
training illustrate the range of reliabilities which were obtained. 
It is clear that some summary performance records may be quite 
acceptable, while others appear quite unsatisfactory in this regard. 

• Se« Report No. • of Uil« Mrlc« for deUIU. 
*8«a Report No. It for further data. 
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Summary Academic Grade« 
Though used to some extent by aviation psychologists, academic 

grades appeared less clearly relevant to the ultimate criterion 
than many other types of criteria. In some cases, where the job 
appeared to involve substantial intellectual components, ad in the 
case of navigator and liight engineer, the rationale for accenting 
academic grades as relevant criterion measures seemed some- 
what better, and in these cases some use was made of that type 
of criterion. Particularly in the case of pilot, with its emphasis 
upon performance and skill, little attention was paid to measures 
of academic proficiency in ground school courses. 

The chief drawback in the case of academic grades appeared to 
lie in the lower level of relevancy. Though many of the specific 
evaluations of academic performance used ;n routine training 
lacked technical polish and suffered from subjectivity of evalua- 
tion, the summary evaluations did ordinarily come in a fairly 
direct and explicit fashion from actual specific evaluations. That 
is, there were actual tests, recitations, and work samples under- 
lying the grade, and it was ordinarily compounded from specific 
see; '•3 and ratings of '.his sort in a uniform and objective manner. 
Available evidence indicates that most such grades were moder- 
ately reliable. For example, in n ivigation training the reliability 
of examination grac es was estimated as .90 in one class of about 
300, the reliability of classroom grades .82, and the reliability of 
flight grades .72. These are based on the correlation of odd with 
even weeks, ard insofar as the grading was subjective some 
spurious relationship may be present However grades did lack 
a stable reference point, so that freedom from variation from time 
to time and plate to place cannot be claimed for them. Grades 
were subject to bias depending upon the standards of the station 
at that time, and more particularly the standards of the specific 
instructor or group of instructors. In those types of training in 
which grades were studied, appreciable variation from station 
to station and front flight to flight within a station was uniformly 
found. 

Summary Ratings 
A great variety of summary ratings were in use in the routine 

evaluation of aircrew personnel. These included routine efficiency 
ratings, required to be submitted on all officer personnel; ratings 
on officer qualities of cadets in training, used to determine whether 
the cadet in question should be commissioned a 2nd lieutenant or 
appointed a flight officer; ratings of pilots at each stage of train- 
ing on flying skill, maintained as a cumulative record for each 
man; and a great variety of ratings of other specific groups for 
specific purposes. Most of these ratings were on a simple scale 
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of 3, 5, or more numbered or lettered points, which may have 
been further identified by such brief general descriptive labels as 
"superior," "above average," or the like. A certain number of 
additional scales were developed by aviation psychologists for re- 
search purposes, where no better procedure seemed readily avail- 
able. These took the form of descriptive scales, in many cases,. 
defining certain traits to be rated and describing degree of posses- 
sion of the trait. However, the limitations of these procedures 
were keenly felt, and no great confidence was placed in them as re- 
search tools. 

The limitations of rating procedures as applied to rating a 
specific segment of behavior have been described in a previous 
section. All these are present in summary ratings and others as 
well. It is an unfortunate characteristic of summary ratings that 
they are frequently not based in any clear way upon previous 
evaluations of specific behavior. The limitation may involve 
either the amount of specific information, the technique for syn- 
thesizing it, or both. In the extreme case, wh'^h is only too close 
to reality, a summary rating represents an over-all judgment of 
an individual, rendered after a longer or shorter period of exper- 
ience, given with no basis of previous systematic observation and 
evaluation of the individual. There are often no data to refer to 
in the form of flight checks, tests, or performance records. The 
rating represents merely the unguided, intuitive impression of the 
rater. In this case, the rating will obvicusly reflect personal bias, 
and insofar as no other data are available it may be expected to 
reflect nothing else but personal bias. Its freedom from bias will 
be low, and since biases are likely to be individual and are almost 
certainly unrelated to the ultimate criterion, the rating is also 
likely to have little to recommend it on the score of reliability or 
of relevance. An appearance of reliability may arise due to the 
general reputation factor which was discussed in connection with 
specific ratings. It may be anticipated, however, that this will 
not hold up except within a limited group. It may be stated in 
passing that very little success was ever achieved in the Aviation 
Psychology Program in predicting ratings of this kind. • 

Not all ratings are as bad as the type we have just described. 
In some cases, a summary evaluation in the form of a rating may 
be based upon a reasonably extensive set of explicit specific 
evaluations, which were made and recorded as training pro- 
gressed. In some cases, day to day evaluations may have been 
implicit in the relationship between the rater and the persons 
rated. Even in these cases, however, the use of a clinically based 
rating as the technique for summarizing the earlier evaluations 
introduces an clement of subjectivity and bias into the final re- 
sult which can hardly fail to prejudice its value as a criterion. 

54 



r 
I   ! 

r 

- 

ampaciA aJBMfl : -f^' /*»'M^HtÄ-JV •« "»»S 

A<1mIn!stroltve Action« 
There were a number of administrative actions which were 

taken with regard to aircrew personnel which provided summary 
vvaluations of proHciency and presented possibilities as criterion 
da*a. Logically, these are closely akin to the ratings which have 
just been discussed, but in terms of their practical importance and 
of consequent possible differences in the manner in which they 
were prepared, they appear to merit separate consideration. 

The administrative decision which served most often as a re« 
search criterion in the Aviation Psychology Program was the 
decision to graduate (or to eliminate) a man from a particular 
phase of training. Elimination because of lack of proflciency or 
for reason of fear or at own request provided a readily available 
criterion of proficiency which appeared to have some relevance 
both from the positive and the negative point of view. On the 
one hand, the skills and techniques which had to be learned In 
training provided the foundations for operations In combat It 
seemed rational to believe that those who were particularly apt 
in learning the basic knowledges and skills would, in general, be 
those who would be proficient in later stages of operations. That 
is, training performance generally appeared to have some rele- 
vance for the ultimate criterion of combat performance. On the 
other hand, it appeared to be important to select for training 
those individuals who would in fact complete and be graduated 
from training, and thus be available for assignment to combat 
duty. It may be argued that those who were eliminated from 
training who couW have become successful In combat should never 
have been eliminated in training, and that procedures of training 
and training eliminations were at fault and should have been 
changed. In the long run this is true. But working within prac- 
tical limitations of time and an existing training situation, It may 
still be important to pick men who will succeed in that training 
situation. That Is, training performance appears to have some 
direct relevance for Its own sake. 

Other administrative actions which were studied, and to some 
extent used as criteria, included reevaluation and removal from 
Hying by Flying Evaluation Boards, promotions, decorations, 
assignment to first pilot vs. co-pilot duty, assignment to lead 
crew, removal from combat operation because of operational 
fatigue, and the like. 

Practically all administrative actions imply a rating. They 
differ from many other ratings, however, in the practical Impor- 
tance of the rating which is made. Something Is clearly going to 
be done on the basis of the rating. A man will be eliminated from 
training, removed from flying status, nut in a position of critical 
importance and the like. On the basis of this, we may expect 
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that the evaluation will be more thoughtfully and conscientiously 
made than will be the case when the rating is merely an adminis- 
trative chore. Relevant records will be consulted, testimony will 
be assembled and weighed, and the worst qualities of ratings 
somewhat mitigated. It must be recognized, however, that most 
administrative actions do fundamentally imply ratings, and that 
the limitations of rating procedures inhere in them. 
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Determining the Validity 
of Single Tests 

In this chapter consideration will be given to the statistical 
procedures which were used in computing indices of validity for 
single classification tests. The next chapter will then consider 
problems concerned with combining a group of tests into the most 
effective test battery. A description of the typical computational 
procedures will first be given« Then certain special problems 
which arose, for which solutions were reached in part, will be 
Dr6SGn^G(l 

COMPUTATIONAL ROUTINES 
The validity of a single test for predicting a particular aircrew 

criterion was uniformly expressed in terms of a coefficient of cor- 
relation. In the case of criteria which provided a continuous dis- 
tribution of criterion scores, for example, bombing circular error, 
percent hits in aerial gunnery, etc., product moment correlation 
coefficients were computed. For these, as for other statistics, work 
sheets were developed to facilitate procedures of computation. 
The computation procedures at different units differed some- 
what, depending upon the previous training of the personnel 
responsible for statistical work at the unit in question. To guar- 
antee efficient computational procedures and adequate checks, 
a correlation chart was finally issued by the Psychological Section, 
Headquarters AAF Training Command.1 A discussion of this 
form and its use is presented in the Appendix. 

Many criteria provided only a dichotomous division of the 
group being studied Into such categories as graduates and elimi- 
nees. With these, the alternative was between computing a biserial 
correlation coefficient or a point-biserial. The formulas for these 
are respectively: 

M, —M,      pq 
rM* "  TTZ * "" 

. "w^L       -       SD« ■ 
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M, —M, 

S.D., 
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1U. Col. Philip H. Dubol» WM prliMrllr rttpontlWt for dmleplng tkli fonm. 
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Since the formula» differ only by the factor ^^-, which is a con- 
stant for all correlations computed from a given group, for a set 
of correlations based on a single group, the relative sizes of the 
validity coefficients of different tests (and consequently of their 
multiple regression weights) are the same for the two types of 
coefficient Within a single sample, then, it makes no practical 
difference which type of coefficient is used. Practical issues arise, 
however, when it is necessary to combine data from several 
samples in which the proportion in the "graduate" group differs, 
or when it is necessary to correct an obtained correlation coeffi- 
cient for restriction of range due to selection of the group sent 
into training. 

In practice, biserial correlation cofficients rather than point 
blaerials were computed in most cases in the Aviation Psychology 
Program. The derivation of the biserial correlation coefficient 
assumes that the dichotomized variable is basically continuous and 
normally distributed. The dichotomy is considered to be arbi- 
trarily imposed by some administrative condition and not to 
represent ;«ny general or necessary break of the group at that 
particular point The biserial coefficient has the advantage that 
when the above conditions are satisfied, the value obtained for 
the correlation coefficient is independent of the point at which 
the group is split. This is not true for the point biserial, which 
will be larger if the group is split into nearly equal sub-groups 
than it will be if the split is made into one large and one small 
group. 

Since elimination rates in a given type of training, to consider 
the most frequently used type of dichotomous criterion, varied 
markedly between schools. Commands and classes, the variation 
in value for the point biserial was a matter of very real con- 
cern. Thus a biserial correlation coefficient of .50 against pass- 
fail in primary pilot training would have corresponded to a 
point biserial of .39 in class 43-G, in which the elimination rate. 
was approximately 38 percent, but would have corresponded to a 
point biserial of .31 in class 41-E in which the elimination rate 
was approximately 12 percent That is, the same basic relation- 
ship would have given values differing by about 25 percent if 
the point biserial had been used in these two cases. The difference 
is clearly quite an appreciable one. Though the example cited 
represents the extreme deviation for complete primary pilot 
classes, differences between single schools, as well as for other 
types of training, were frequently as large as this. The result- 
ing effect upon validity coefficients becomes, then, of practical 
as well as theoretical significance. 
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The comparability of values obtained from t vcral samples in 
which tho percentage graduating varies, which permits the direct 
combination of the results, led to the choice of the biserial coeffi- 
cient of correlation for routine use. However, we should examine 
somewhat further the assumptions underlying that coefficient 

The assumption that the variable underlying graduation- 
elimination is continuous seems entirely reasonable. This was 
borne out by a wide range of graduation rates in different schools, 
classes, or Commands, even when the quality of the entering 
population did not differ. It is fairly clear that the particular 
point at which the division between graduation and elimination 
was made depended upon conditions which were local and tempo- 
iary. The assumption of a normal distribution introduces more 
serious problems, particularly when an appreciable proportion 
of applicants for training have been disqualified because of low 
aptitude test scores. It is possible, and perhapw reasonable, to 
consider that the skill in question would have been normally 
distributed either in the total group of applicants for a given 
type of training or in the fraction selected for training on the 
basis of some type of screening procedure, but if the screening 
had any validity at all, the distribution of skill could not have been 
normal in both cases. The more reasonable assumption would 
probably be that it was normal in the unrestricted population. 
If this is the case, the biserial correlation coefficient was not 
strictly applicable in the case of curtailed groups. This fact 
makes many of the validation statistics, especially for the later 
classes, which were more sharply curtailed, somewhat in error, 
though whether the error introduced by the assumption of nor- 
mality is a serious one has not been determined. This point will 
be considered further when the problem of correcting for restric- 
tion of range is considered. 

For some variables which were available for study as predic- 
tion measures, the variable itself was dichotomous or fell readily 
into dichotomous form. These were variables such as marital 
status, first preference regarding type of training, presence or 
absence of previous flight training, and the like. In these cases, 
three types of coefficients are possible, depending upon what as- 
sumption is made as to the continuity or non-continuity of the 
basic distributions. If both distributions are assumed to be con- 
tinuous, and both dichotomies to be artificial, the tetrachoric 
correlation coefficient gives an estimate of the product-moment 
correlation in the normal frequency surface which has been cut 
by the two dichotomies. These were determined by using Thurs- 
tone's computing diagrams.' 

•Tbunrton«. L. L.. tt «1. Computing Dlktmat for üit Tttimekori« CembtloB Cotffictont. 
Chlc»»oi Univ. of ChicMO Booluiort. IM«. 
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If one dichotomy is real and the other artiflcial, a coefficient 
analogous to the biscrial correlation coefficient may bo computed, 
treating the real dichotomy as a point score. This may be called 
«pb,.. It can be obtained from the formula for the biserial corre- 
lation coefficient reported in an earlier section by assigning point 
scores such as 1 and 0 to the two categories of the real dichotomy. 
The formula simplifies in this case to 

ad —be 

where a, b. c. d, = the entries in the 4 cells of the fourfold table 
p and q = the percent s in the two categories of the arti- 

ficial dichotomy, and 
z = the ordinate corresponding to the values p 

and q. 
If both dichotomies are necessary and genuine dichotomies, as 

for example, in the correlation between marital status and first 
choice for (or not for) pilot training, then the relationship be- 
tween the two variables may be represented by the phi coefficient, 
a coefficient in which each variable is treated as having a point 
distribution, and the correlation is for a fourfold point-surface. 
The formula becomes 

ad—be 

VPOPV 
where the meaning of a, b, c and d are as above and p, q, p' and q* 
refer to the percents in each category of each of the dichotomies. 

When a table of correlations combines data from continuous 
and dichotomous variables, some question occasionally arises as 
to which of the above is the appropriate coefficient to use in com- 
bination with product moment correlations among the continuous 
variables. We have already discussed the case in which the cri- 
terion is dichotomous. We must now consider the case in which 
one of the prediction variables is dichotomous. When the dichoto- 
my in the prediction variable is a natural one or ivhenQver the 
practical data to be used will be gathered in such a way that they 
must be used as a dichotomy, the appropriate coefficients, to be 
used are as follows: 

(a) For correlations with continuous variables, the point bi- 
serial correlation coefficient 

(b) For correlation with another dichotomy which is consid- 
ered to be an artificial dichotomy (i. e., where biserial 
correlations are used between continuous variables and the 
dichotomy), the biserial phi coefficient (^u). 

60 

»   1 



I I 
ZEZ mm1  ■i^^y^^ 

(c) For correlation with another natural dichotomy  (i. e., 
where point biserial correlations are used between con« 
tinuous  variables and  the dichotomy), the  phi coelfl- 
cient (4). 

When the dichotomy in the prediction variable is an artificial 
one and the variable will be available for nee as a continuous 
variable when it comes time to make practical use of it, the values 
to be used in the three cases above are as follows: 

(a) For correlation with continuous variables, the biserial 
correlation coefficient 

(b) For correlation with another artificial dichotomy, the 
tetrachoric correlation coefficient. 

(c) For correlation with a natural dichotomy, the biserial 
phi coefficient 

ITEM VALIDATION IN TEST CONSTRUCTION 
In the course of the test development program for the Air 

Forces aircrew classification tests, two rather different types of 
tests were developed. One type of test was designed to be a meas- 
ure of a relatively homogeneous function. Examples of this type 
were tests of numerical operations, reading comprehension, figure 
analogies and the like. In this type of test, preliminary internal 
cunsistency item analysis was ordinarily . arnod out in order 
to increase thi homogeneity of the test mitcrials. In revising 
the preliminary form, those items were retained which showed 
satisfactory correlation with total test' score. 

The second type of test was made up of more or less hctero- 
genous items. Typical of these tests were a Biographical Data 
Blank covering various items of personal information, a Sports 
and Hobbies Information Test, a test of satisfactions, and vari- 
ous temperament and personality questionnaires. For this type 
of material, item analysis in terms of internal consistency is 
essentially meaningless because no effort is being made to get 
a pure test of a single homogeneous function. This type of test 
puts together a group of items which are related only very 
loosely in terms of the kind of question which they ask or the 
label under which they may be grouped. In these instances it 
becomes not only appropriate but necessary to evaluate each of 
the separate test items in terms of its contribution to the validity 
of the total test «core and even of the total testing battery. In 
a perfectly real sense, each item in these cases may be thought 
of as a separate test. It becomes necessary, therefore, to validate 
each item for its own sake. Given that time and personnel were 
of no concern and the available population was sufficiently large 
to provide stable values, it would be appropriate to determine a 
validity coefficient for each item, to determine all the item inter- 
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correlations, and Co determine a regression weight for each of 
the separate items. Ordinarily, practical conditions will not jus- 
tify such a detailed analysis of the separate items, which may 
total as many as several hundred. 

The procedure most typically used in the Aviation Psychology 
Program was to obtain an indication of the validity of each 
separate item by comparing the percent of successful individuals 
responding to that item in a particular way with the percent of 
unsuccessful individuals responding in that same way. When 
such percents had been determined, it was possible to translate 
them into a tctrachoric correlation or phi coefHcient Evaluation 
of each item was based upon its validity, without regard to its 
correlations with other items or tests. This procedure was adopted 
not because it was believed to be the most adequate and most 
elegant one but because it represented a practical undertaking 
from the point of view of time and effort involved. Furthermore, 
more elaborate statistical procedures involving correlations of 
items with each other and with tests were not used because certain 
of the problems involved in making appropriate use of more 
complex item data had not been solved analytically. 

Whatever index of individual item validity was involved, the 
next step was to prepare a scoring key including those items in 
the test which showed the best individual item validity. Since 
it is well known that a group of keyed items will have a somewhat 
lower validity on a second sample, due to sampling error in the 
original determination of the individual item validities, the crucial 
question is what the validity of this group of keyed items will be 
on a new sample. The approach to the problem which was most 
extensively used in the Aviation Psychology Program was to 
break the original sample into two parts, run two separate original 
item analyses, and then carry out a cross-validation study to 
determine the validity of the score based on items selected from 
one half as applied to the other half. Another approach, which 
is much more profligate of time, would be to administer the test 
to a new sample scoring those items selected on the basis of the 
initial validation and then wait for criterion data to mature in 
order to determine the validity of the selected items on the new 
sample. 

Neither of the above methods is entirely satisfactory. In neither 
case do they provide any analytical procedure for determining 
how many items should be included in the scoring key. Obviously, 
one starts by including the most valid items, but the problem is 
how far down the list one should go. This problem is complicated 
by the fact that validities obtained in a single sample will in 
general regress in a new sample. At a certain point, the addition 
of more items having some slight validity in a particular sample 
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will have the effect of introducing an undue proportion of non- 
valid variance and attenuating the validity of the total key. In 
the second place, neither of these methods makes use of all exist- 
ing data. At any given time, the scoring key which will have 
the highest validity for a new sample will be the one which is 
based upon the largest possible number of cases. However, if 
all cases are used to determine the scoring key, none are left to 
provide an unbiased estimate of validity in a new sample so that 
satisfactory data will be available for the empirical determina- 
tion of the weight which should be given the score in arriving at a 
composite score. 

It has been indicated that item validation was carried out 
primarily for heterogeneous test materials. In proportion as the 
materials appeared homogeneous,'little need was felt for the vali- 
dation of single items. In a completely homogeneous test, item 
validity is by definition a direct function of item internal con- 
sistency. Of course, the test which approximates this condition 
in practice is probably rare, and item validation was in fact 
carried out for a number of tests which were designed to be 
homogeneous. Before giving much weight to such analyses, one 
should first have some assurance that the spread of item validities 
is in fact greater than would be expected by sampling alone. If 
difTcrenccs in item validity represent only the sampling fluctua- 
tions among truly homogeneous material, the differences in item 
validity may be expected to disappear in a new sample, and the 
labor of selecting items in terms of their individual validities will 
have been entirely in vain. 

PROBLEMS Of RESTRICTION OF RANGE 
The research program for development of aircrew classification 

tests brought into sharp prominence certain statistical problems 
which have long been recognized and for some of which partial 
statistical solutions have long been available. These are the gen- 
eral problems of inferring statistical parameters in a population 
from those which have been obtained in a sample when the sample 
has been curtailed in some way with respect to the range of one 
or more variables. This problem was particularly acute in the 
aircrew classification program because a number of selective pro- 
cedures operated at successive stages of classification or of train- 
ing. The samples upon which criterion data became available had 
frequently been sharply restricted in some way as compared with 
the population tested with classification testa. 

A number of different types of curtailment operated in the 
classification program. The most frequently occurring situation 
with regard to curtailment was that in which a population was 
tested with a group of classification tests and the men to be 
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assigned to a particular type of training were then selected at 
least in part upon the basis of performance on a weighted 
composite of the classification tests. This selection was in part 
negative in the sense that minimum qualifying scores were estab- 
lished for the weighted composite (called "stanine" in the air- 
crew testing program) below which applicants were not accepted 
for that type of training; it was in part positive, in that an 
effort was made to send men with the highest stanines for a 
particular aircrew specialty into that type of training. When 
only a select sample was sent into a particular type of aircrew 
.training, it was necessary to correct the validity coefficients ob- 
tained for that sample in order to have an unbiased estimate of 
the validity coefficients in the total population tested with the 
classification tests. This was necessary because weights for pre- 
dicting aircrew success were to be used with the total population 
tested rather than merely with that fraction of it assigned to a 
particular type of training. 

A more complex type of curtailment arose when data with 
respect to the AAF Qualifying Examination were being analyzed. 
In this instance the men for whom data on actual success in 
training became available had first been screened by requiring a 
minimum qualifying score on the Qualifying Examination and 
subsequently by specifying minimum qualifying scores and by 
some degree of positive selection upon the aircrew stanine in 
terms of which they were finally assigned to training. Since 
the population for which validity estimate, were desired was in 
this instance the complete population to which the AAF Qualify- 
ing Examination had been administered, it was appropriate to 
correct both for curtailment on the Qualifying Examination and 
for subsequent curtailment on the aircrew stanine. 

A second more complex type of situation was involved when 
it was desired to use data on success at an advanced stage of 
training or at the level of combat to provide an estimate of the 
relative validity of the different classification tests for predicting 
that type of performance. In this instance it was again legitimate 
to ask what the validity of the tests would have been if all men 
tested had reached that stage of performance, because the decision 
as to which men should be accepted for training had to be made in 
the case of every man tested. We are interested in knowing how 
well the men who are disqualified either by tests or by earlier 
stages of training would have done if they had been permitted to 
continue to the level of training or operations currently under 
study. 

Formulas are available to correct correlation coefficients for 
the effect of restriction of range, provided the data conform to 
certain conditions and providing that certain necessary statistics 
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are available for the group in question. A solution of the problem 
in the case in which all the variables being studied are normally 
distributed was devised by Karl Pearson in 1903.» Formulas were 
derived for the several possible cases of curtailment on a single 
variable, and a generalized solution was presented for the case 
of curtailment on more than one variable. The several cases of 
the single variable and the generalized formula are discussed 
below. 

Using the notation 
Si = SD of variable t in the unrestricted distribution 
Si = SD of variable t in the restricted distribution 

Ru = Correlation between variables t and;', in the unrestricted 
distribution 

ru = Correlation between variables t and ; in the population 
which has been directly or indirectly restricted, 

it is possible to arrive at the formulas for three distinct cases of 
restriction on a single variable. 

a. Case 1. When the restriction is in variable 1 and the ratio 
of the two standard deviations of variable 2 is known: 

t"= V 1-—d-r.,») 
T     .    S.« 

(1) 

Example: Formula (1) would be used in estimating the correla- 
tion between a research test and pilot stanine, when the distri- 
bution has been restricted on the basis of pilot stanine, and the 
ratio of the standard deviations of the restricted and unrestricted 
ranges of the test is known. Stanine would be variable 1; test 
scores would be variable 2. This situation was rarely encountered 
in practice. 

b. Case 2. When the restriction is in variable 1, and the ratio 
of the two standard deviations of variable 1 is known: 

:.<.: 

R..= 
■t 

Si* (2) 

Example: Formula (2) would be used in estimating the correl« 
tion between pilot stanine and graduation-elimination, when she 
distribution has been restricted on the basis of pilot stanine, and 
the ratio of the standard deviations of the restricted anfl the 
unrestricted distribution of pilot stanine is known. Stanine vould 
be variable 1; graduation-elimination would be variable t. 

1 Pc -»on, K. MaUieraatlMl eontrlbatleni I« Ui« theory of erolutton—XI. On UM Infltwnc« 
of natural »election on Ih» variability and correlation of organ*. Phil. Tran». Royal Soe. of 
London. Serie» A. 200, 100J, pp. M«. 
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c. Case S. When the restriction is in variable 3 and the ratio 
of the two standard deviations of variable 3 is known: 

r ^      1 
Txt + r^ru 1 

R L   a»'        J (») 

In some instances, r„ is not known and formula (3) must be ex- 
pressed In terms of R„. Formula (3) then becomes: 

„. = t"J1+*"'ii-1)+
i*"t"isi-i)(3a) 

Example: Formula (3) or (3a) would be used in estimating the 
correlation between a test and graduation-elimination, when the 
distribution has been restricted on the basis of pilot stanine, and 
the ratio of the standard deviations of the restricted and unre- 
stricted distributions of pilot stanine is known. Test scores would 
be variable 1; graduation-elimination would be variable 2; stanine 
would be variable 3. Formula (3) would be used if the test- 
stanine correlation is based on the restricted sample and formula 
(3a) if this correlation is based on the total population. 

That the corrections for restriction of ranges were more than 
an academic matter may be seen by comparing the validity coeffi- 
cients obtained from a complete group and from the fraction of 
that group which met the relatively high standards which were 
in effect for admission to pilot training at the end of the war. 
These particular data are based on the "experimental group," a 
group of men who were tested and then entered into pilot training 
without regard to their performance on the tests. Validities are 
presented both for the complete group tested and for that fraction 
of the group which both passed the AAF Qualifying Examination 
and achieved pilot stanines of 7. The results are as follows: 

TVol Croup       Quati/ttd Croup 
\rl mm 10«) {N — Jl«) 

Pilot Stenine 64 .18 
Mechanical Principles 44 .03 
General Information 46 .20 
Complex Coordination 40 —.03 
Instrument Comprehension 45 .27 
Arithmetic Reasoning 27 .18 
Finger Dexterity '...    .18 .00 

It can be seen that where the restriction is as severe as this, 
amounting to the exclusion of about 87 percent of the cases, 
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the changes in the resulting correlations are very striking. The 
small size of the "qualified" group makes the results somewhat 
unstable. However, it can be seen that the curtailment reduces 
stanine validity by over forty points, reduces the validity of 
tests weighted for pilot by about thirty points on the average, 
and reduces the validity of tests which are not specifically pilot 
tests by about fifteen points. These exact values are not particu- 
larly important because of the small number of cases involved. 
The chief point is that the shifts are decidedly large. Though 
during most of the work of the Aivation Psychology Program, the 
rmount of selection was not as severe as in this example, the 
effect was sufllcicntly marked so that raw obtained correlations 
would often have been meaningless unless correction formulas 
were applied. 

Pearson's article also included formulas for the general case, 
in which curtailment took place on more than a single variable. 
These formulas are quite involved and are not presented here. 
The same essential formulas for the general solution, but based 
on somewhat different assumptions and expressed in more con« 
venient form have recently been reported by E. Reeve.4 The basic 
assumptions of this derivation are: 

(1) that the regressions of the nonsclectcd variables on the 
selected may be treated as rectilinear throughout the total popula- 
tion, and 

(2) that the variability of the nonselccted variables is the same 
for each value of the selected variables. 

The following notation is used: 
x = any of the variables which is not directly restricted. 
a = any of the variables which is directly restricted. 
r = matrix of correlations in restricted.group. 

R = matrix of correlations in unrestricted population. 
H = diagonal matrix giving ratios of standard deviations 

f — pf unrestricted to restricted group. 

b = matrix of partial regression weights (beta weights) 
in restricted group. 

In this case it can be shown, in matrix notation, that 
R« = R- H.bMH,-1 (4) 

and 
R.. = Hr' (r„ - b'M r„ + b'..H. R„H. bM) Hr» (5) 

where 
H. = 1 - b'^r.. + ^„H. R„H. b„ (6) 

The matrix notation used above presents a rather extended series 

• Rcevr. E. Correcting for Selection. UnpuUlih«) report nippllcd Informally to MaJ. Rocer 
Rvuscll. AAF. The>« formulns wer« »!-*> derive«! Independently by U. Col. A. P. Uorrt of 
the AvUtloD Ptycbology Progran. « 
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of operations quite compactly, and has the additional advantage 
of suggesting layout of work sheets and order of operations for 
carrying out the necessary calculating procedures. It can be 
seen that the computations will be quite laborious at best when 
several variables are directly restricted. 

The formulas which have just been discussed were all derived 
for product moment correlations as these are obtained for con- 
tinuous variables. They are not strictly applicable to biserial cor- 
relations obtained from dichotomous variables. As has been stated 
previously, it is not possible for a variable both (a) to satisfy, 
in a restricted group, the requirements for applicability of the 
biserial correlation formulas and (b) to satisfy in the unrestricted 
population the conditions for use of the above formulas for cor- 
rection for restriction. 

In the simple case of direct curtailment on a single variable 
(Case 2 above), a technique for obtaining an estimate of the 
biserial in the unrestricted population from data available in the 
restricted sample was reported late in the war period by Gillman, 
and Goode.* This is essentially a procedure for obtaining a least- 
squares estimate of the slope of the regression line from the data 
on the part of the distrib tion which remains after truncation. 
The procedure is as follows: 

Let G = correlation estimated from this  procedure   (subse- 
quently referred to as a G-coefTicient) 

f = number of subjects with score* in interval aVI xVI b 
p = fraction of these falling in passing group 
u = standard abscissa value corresponding to p — pa 

(7) 

Then compute 
N = Sf, 2fX, 2fX«, Sfu and 2fXu 

From these 
A' « NsfXu - (SfX) (Sfu) 
D -2fX«- (5fX)« 

Then 
A' 

and 
tan e = — D 

(8) 
(9) 

(10) 

(ID G = sin • 
The computing procedures outlined above provide a technique 

for estimating the correlation in the population in the simplest 
case, in which the correlation is between the variable which has 

•Clllnum. L. and Good«. II. H.   An ciUnwU of UII corr«Utlon coefflettnt of • WvarUU 
•omul pepuUUuft *b«a X U trasMtcd and Y It 41ebotomU«d.   tUrv«rtl EJue. Re».. U, 194«. 
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been directly restricted and the dichotomous criterion. The as- 
sumption of normality in the unrestricted population is still in- 
volved, but no assumption need be made as to the nature of the 
distribution in the restricted sample of the variable which under- 
lies the dichotomy. In this regard, therefore, the procedure which 
has just been described is much to be preferred to the procedures 
which require the computation of a biserial correlation coefficient 
in the curtailed group and its subsequent correction. 

No procedures analogous to the one just described are known 
for the case of indirect curtailment (Case 3 above) or for cur- 
tailment on more than a single variable. Unfortunately, these 
were the situations which arose most frequently and most critically 
in the Aviation Psychology Program. Whenever a single test was 
being studied, rather than the stanine. Case 3 was involved, and 
whenever any advanced type of criterion was under study cur- 
tailment had taken place on several variables. 

As indicated above, existing formulas for correcting for cur- 
tailment are not strictly applicable to biserial correlation coeffi- 
cients. No analytical solution is available to indicate the direction 
and amount of the error which is involved when existing correc- 
tion formulas are used in these cases. However, one set of arti- 
ficial data was studied* to obtain empirical data upon the direction 
and extent of the errors involved. This was carried out only for 
the simplest case (Case 2 above), in which direct restriction upon 
a single variable is involved. Tables of synthetic data were pre- 
pared for a stanine validity of .50 and for various elimination 
rates. From these tables, curtailed groups were set up, eliminating 
first the 1's, then the 1's and 2's, etc. Biserial correlations were 
computed from these data and were corrected by formula 2 above. 
It appeared that: 

(1) In these cases, which were designed so that the dichotomy 
in the restricted group was more uneven than in the 
unrestricted, the correction formula uniformly tended 
to underestimate the true value. 

(2) The underestimation increased as the amount of cur- 
tailment increased and as the unevenness of the 
dichotomy in the unrestricted population increased. In 
the most extreme case studied, in which 60 percent were 
disqualified on the basis of stanine and in which the 
population split of graduates and eliminecs was 90-10, 
the true value was underestimated by 20 percent* 

These findings suggest that in the case of correction of stanine 
validities, the general tendency of the Pearson formula was to 
underestimate the true values, and that this underestimation was 

• ThtM »D»ly»ct w«n c»-H«d out undtr UM dlreclloo of C«pU Lloyd Iturapbrtyi. 
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most severe during periods of low over-all elimination. The under- 
estimation should also have tended to become greater as the sta- 
nine requirements for admission to training were made more 
stringent. The indications from this analysis of artificial data 
are not borne out by empirical comparisons of values using the 
Pearson formula and using the G-cocfiicicnt discussed on page 68. 
Data were analyzed for 20 classes in primary pilot training, 
totaling about 137,000 men, 15 classes in advanced navigation 
training, totaling about 10,000 men, and 9 classes in bombardier 
training totaling about 7,000 men. Biscrial correlations were 
computed and wore corrected by the Pearson formula, and popu- 
lation values were also estimated using the G-coefiicicnt. The 
median obtained biserial for the 20 pilot classes was .41, the 
median corrected biserial .52, and the median value for the 
G-cocfficient .50. The corrected biserial was as much as .07 
higher and as much as .06 lower than the G-coefficient in single 
pilot classes. For navigators, the median value for new aviation 
cadets was .43 for the uncorrected biserial, .61 for the corrected 
biserial and .59 for the G-coefficient. The range of differences 
between the two estimates of the population value was from +.07 
to —.03. For bombardiers, the median value for new aviation 
cadets was .24 for the uncorrected biserial, .28 for the corrected 
biserial and a .32 for the G-coefficient. The range of differences 
between the two sets of population estimates was from .00 to —.15. 
The use of the G-ciefiicient was rendered somewhat questionable 
in the case of the bombardiers, due to the fact that graduation 
rate was 100 percent for certain stanines in certain classes. 

The lower values for the G-coefficient in the case of pilots and 
navigators, as compared w<th the Pearson formula, exactly re- 
verse the situation found in the previous analyses of artificial 
data. Two possible explanations are offered. In the case of pilots, 
the distribution of augmented stanines is very far from normal, 
due to a piling up at stanine 9. This results from the addition of 
a special credit for flying experience in the case of some 10 percent 
of the men. The artificial convention was adopted that no stanine 
higher than 9 would be given. This produced a piling up, and in 
most cases a secondary mode, at stanine 9. Since both procedures 
assume a normal distribution, the lack of normality in the aug- 
mented pilot stanine may have distorted the expected relation- 
ships. 

A second explanation may lie in the values which were assumed 
for the stanine standard deviation in the unrestricted population. 
The stanine score was originally set up so that each point on the 
score scale represented one-half of a standard deviation of the 
distribution of raw composite scores. Limiting the number of 
steps to 9 forced the extreme tails of the distribution into the 1 
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and 9 categories and reduced the scatter of the group so that the 
theoretical standard deviation was 1.96 rather than 2.00. How- 
ever, empirical population values for certain periods and certain 
aircrew specialties fell distinctly below the theoretical values. In 
other words, either the population became less variable or the 
conversion tables were faulty. The situation was somewhat fur- 
ther complicated in the case of pilots by the matter of flying exper- 
ience credit. The addition of this credit resulted in an increased 
standard deviation for the distribution of stanine scores. Empiri- 
cal studies indicated the increase in standard deviation to be 
approximately 0.10, so that an assumed population value of 2.10 
was used in correcting these values. Here again the assumed value 
appears often to have been somewhat larger than the value 
actually obtained for populations tested from month to month. 
The over-estimation of the population value would lead to an 
over-correction using the Pearson formula and would account for 
the obtained discrepancy between the two methods. In using the 
correction formulas the problem of whether to base population 
standard deviation estimates upon the theoretical stanine distri- 
bution, or upon empirical values for limited time periods was a 
troublesome one. 

Two further general problems should be discussed in connection 
with the topic of restriction of range. In the first place, a basic 
assumption which must be made in any inference to a total popu- 
lation from data on a restricted group is that the criterion variable 
in the restricted group is not qualitatively different from what it 
would be in the population. That is, one must assume that within 
a restricted group elimination of the less apt students is made 
upon the same bases and with the same sharpness of discrimina- 
tion that would be the case in the unrestricted population. There 
is at least some reason for doubting the correctness of this assump- 
tion. General observation of training programs and elimination 
procedures suggested that as only the more apt men were sent into 
training, while administrative pressure was kept up to hold to a 
specified, standard elimination rate, factors other than proficiency 
entered in increasingly to determine whether or not a given indi- 
vidual should be eliminated. This would tend to be true in any Case 
if discriminations of degrees of ability are more difficult to make 
at the higher than at the lower ability levels. A final difficulty 
with corrected correlation coefficients was that standard error 
formulas for the corrected values were not available, so that it 
was not possible to establish the precision of the resulting esti- 
nut l values, it seems probable that the standard errors will be 
substantially larger than those for the conventional correlation 
coefücient, and that the number of cases required to give-a stable 
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estimate will be considerably increased. However, no estimate of 
the amount of difference is available. 

The formulas which were most extensively used in the Aviation 
Psychology Program were formulas 2 on page 65, and 3 (or 3a) 
on page 66. We have already seen that the procedures described 
on page 68, and developed late in the war, should be substituted 
for the cases in which formula 2 is used. This has been done in 
some of the material presented in final summary reports. Some 
of the inadequacies of formula 3 to the situation encountered in 
aircrew selection have been discussed, but no better procedure has 
been discovered. Adequate treatment of this problem awaits 
further analysis. 

SCORING FORMULAS 

Scoring formulas for printed tests used in the AAF classifica- 
tion test battery were originally determined on a priori bases. 
In the case of relatively unspeeded tests, scoring formulas were 
assigned in accordance with the conventional procedure for cor- 

W 
recting for guessing. The usual scoring formula was R , 

n— 1 
where n represented the number of answer choices for a given 
item. In the case of highly speeded tests, a substantially heavier 
penalty for errors was exacted. In a number of these tests the 
scoring formula R-3W was used. The heavy penalty for errors 
was used in order to place a considerable premium upon accuracy 
in those tests and as a practical procedure for giving comparable 
scores to individuals of comparable ability where in taking the 
test one individual placed more emphasis upon speed and the 
other upon accuracy. 

Scoring formulas established as indicated above represented 
practical immediate operating procedures, but studies were also 
initiated to check upon these formulas empirically. For a number 
of tests the vaPM'1'6» *f the "rights" score and the "wrongs" score 
were determhed •«'pantely. The correlation between these two 
scores was ilso ^«tcrmned. Using these values, it was then 
possible to determine enpirically what weighting of "rights" and 
"wrongs" woul4 Rivo the maximum validity for a formula score. 

In practice, it was found that in most cases test validity was 
relatively insensitive to changes in scoring formula over quite a 
wide range. This was due in some cases to the substantial negative 
correlation between "rights" and "wrongs." In other cases it 
reflected the small variability of the "wrongs" score. The insensi- 
tivity of test validity to changes in scoring formula had two 
practical implications. In the first place, it meant that scoring 
formula was not a highly critical consideration in test construc- 

72 



■ llfcll 

~mf~'—'--y* 

'  I 

tion, so that a great deal of concern need not be given to it in the 
early stages of development of a test. In the second place, it 
meant that in order for empirical studies of scoring formulas to 
be of practical value, they needed to be carried out on extremely 
large groups of cases. Since the formula score validity varied only 
slightly over quite a wide range of change in the scoring formula, 
it could be expected that even small changes in the relative validity 
of the "rights" and "wrongs" score would produce drastic shifts 
in the optimum weight for the "wrongs" score in relation to 
"rights." As a result, personnel of the Aviation Psychology Pro- 
gram were inclined to depend, at least in part, upon rational 
considerations in assigning scoring formulas, as long as the 
validity of the rationally determined formula was not seriously 
less than that of the formula which had been empirically deter- 
mined to be optimal. 

In the discussion so far, attention has been centered on the 
efforts which were actually made to develop improved scoring 
formulas for tests used in the classification battery. It is appro- 
priate to devote some time at this point to a more general con- 
sideration of the problem invplved in getting maximum informa- 
tion from the successes and errors on a test.' Interest in this 
problem was stimulated in the Aviation Psychology Program by 
the fact that a certain number of tests were discovered in which 
the "rights" and "wrongs" scores were essentially unrelated func- 
tions. This was true in particular of some of the highly speeded 
tests. For these tests it was found that a person who had a great 
many correct responses tended to have about as many errors aa 
a person who had only a few correct responses. In other words, 
it appeared that speed and accuracy were somewhat independent 
functions and that the rapid individual might be either more or 
less accurate than the slow one. This permitted the obtaining of 
two separate scores from each test which were sufllciently inde- 
pendent statistically to permit of their being useful separate varia- 
bles for USJ in research analyses. 

In terms of immediate retest both "rights" and "wrongs" scores 
were often found to have reliability of the same general magnitude 
as formula scores. Whether this consistency in performance would 
be maintained over a period of time seems somewhat open to ques- 
tion. In a speeded test, speed and accuracy are to a certain extent 
conflicting goals, am! performance in one direction can be im- 
proved at the expense of some loss in the other. The emphasis 
which is given to these two aspects of performance at a particu- 
lar time of testing may bo determined largely by temporary sets 
involving momentary interpretation of the tost instructions. Over 
an extended period of time, an individual may show marked fluc- 
tuations in the emphasis he gives to each of these two goals. The 
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score on cither one of the single aspects may prove to be relatively 
much less stable, therefore, than a single score based upon an 
appropriately weighted combination of the "rights" and "wrongs." 
No evidence is available on the stability of separate "rights" and 
"wrongs" scores over a period of time. 

Given that the "rights" and "wrongs" scores are sufficiently 
independent and sufficiently stable to make their separate analysis 
statistically meaningful, the question then becomes that of deter- 
mining the most effective procedures for analysis. On theoretical 
grounds the most defensible procedure would seem to be to treat 
the "rights" and "wrongs" scores as two separate variables, each 
meriting analysis in its own right, and to include both of the 
variables in correlational studies. Each score would then be inde- 
pendently handled and independently weighted in determining 
regression weights. If the weights for the two scores were found 
to be different, then presumably the scores would be retained as 
separate variables in subsequent determination of weighted com- 
posite scores. This procedure has one fairly serious practical dis- 
advantage in that it increases the number of variables to be dealt 
with in practical weighting operations. The compromise between 
maximum analytical value in a test battery and practical con- 
venience which is involved here is entirely analogous to the one 
which is involved in the decision as to whether to include a number 
of related sub-tests in a single test score or to retain a separate 
score for each single sub-test. An intermediate manner of proceed- 
ing would be to keep the "rights" and "wrongs" scores separate 
during research analysis of the complete test battery, and thereby 
to determine the weighting of "rights" and "wrongs" which would 
rnata the test in question give its maximum contribution to the 
validity of the battery as a whole, and then to combine the two 
scores into a single one by means of the scoring formula which 
would give appropriate weights as determined by the previous 
analysis. This becomes practical only when the relative weights 
of the "rights" and "wrongs" scores are approximately the same 
for all job specialties for which the test is to be weighted. The 
separate analysis of "rights" and "wrongs" scores becomes par- 
ticularly interesting and appropriate in exploratory studies for 
analytical investigation of the functions underlying test behavior, 
such as we find represented in the factor analysis approach to 
behavior. 

In the use of "rights" and "wrongs" scores as separate measures 
in a test battery it becomes theoretically desirable to base each 
of the scores on a separate segment of testing. This is true be- 
cause "rights" and "wrongs" scores based upon the same test 
period will ordinarily tend to have a hegative correlation artifi- 
cially introduced by the fact that each item which is correct 
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necessarily eliminates one possible wrong item. Scores based upon 
separate periods of testing can ordinarily be expected to be more 
nearly independent. From the practical point of view it becomes 
a question whether a specified amount of testing time could more 
advantageously be used broken into two separate shorter periods 
in order to achieve more independence of "rights" and "wrongs" 
or combined into a single period which would yield more reliable 
scores for both "rights' and "wrongs." 
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CHAPTER SIX. 

Obtaining Composite Aptitude 
Scores 

The aircrew classification program was based upon the pro- 
cedure of administering a number of varied tests to each subject 
and deriving from these an estimate of each man's aptitude for 
each of the various aircrew assignments for which he was a can- 
didate. This approach lent itself very naturally to multiple regres- 
sion techniques and those were in fact the procedures which were 
used. At this time it will be appropriate to describe the detailed 
procedures which were actually utilized in determining the man- 
ner of combining separate test scores into a single composite apti- 
tude score and to consider alternative methods which might per- 
haps have been used. 

PROCEDURES FOR DETERMINING BATTERIES, WEIGHTS, 
AND RECOMMENDATIONS FOR ASSIGNMENT 

Attention will now be given to the procedures which were 
actually in effect in the program for combining tests, deriving 
aptitude scores from them and making recommendations for 
assignment This involves, first, a consideration of the procedures 
which were used in arriving at a set of tests and weights for pre- 
dicting success in a particular single category of aircrew training. 
It will then be appropriate to consider how the predictions for the 
several separate aircrew categories were combined into a recom- 
mendation as to the particular category in which a man should be 
trained. Thirdly, we shall give some attention to the bases for 
adding new tests to the test battery or deleting tests from the bat- 
tery, and to the length of the test battery. Finally, it will be neces- 
sary to consider certain compromises which were made necessary 
by the practical demands for immediate testing for classification 
prior to the accumulation of adequate research data. 

Prediction of Single Criteria 
At this point we shall assume that data are available on the 

validities and intcrcorrelations of a battery of tests and that our 
immediate problem is that of deciding how to combine those tests 
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so as to give the best prediction of a particular criterion measure. 
We will not at the moment concern ourselves with where the 
battery of tests came from. In practice, after the aircrew program 
had once become established, there existed successive standard 
test batteries which had been used for classification and for which 
extensive validity data gradually became available. With these it 
was possible to combine, in various patterns, research tests for 
which some validity data were also at hand. The battery included 
in a particular analysis ordinarily consisted of some preceding 
standard classification battery as a nucleus, with the addition of 
one or more research tests. We shall not consider at this point 
problems as to the homogeneity of the data, particularly criterion 
data, for the different tests in the battery which we.have specified 
above. In practice it frequently happened that validity data were 
not available upon the same sample for all the tests in a battery. 
Estimates of test validity were typically compounded from all 
available data on the validity of each of the tests in the battery 
under consideration. The estimates might be based on 30,000 
cases for one test and les^ than 1,000 for another. 

Given the battery as defined above, together with some estimate 
of validity and some estimate of the intercorrelations for epch of 
the tests in the battery, determination of the weights to be given 
to the separate test scores in order to combine them into a single 
weighted composite score followed the general pattern of least 
squares determination of regression weights. At certain times 
during the program the standard Doolittle technique of computing 
regression weights was used. More frequently, however, regres- 
sion weights were approximated by an iterative procedure. This 
procedure was approximately that developed by Kelley and 
Salisbury,1 but was modified in certain details to take advantage 
of the additional computational efficiency which may be attained 
using a somewhat higher level of judgment than is required by 
the original Kelley-Salisbury procedure. The procedure is given 
in the Appendix. 

In practice, exact regression weights were never used. A com- 
promise was actually employed, made necessary by the use of the 
IBM test scoring machine with aggregate weighting board as an 
instrument for actually computing weighted composite scores. 
The aggregate weighting board puts limitations on the pattern of 
weights in two ways. In the first place, the Llank which is used 
with the aggregate weighting board has space for a maximum of 
30 tests in ten rows of three. All the tests in a single row re- 
ceive the same weight. In the second place, the aggregate weight- 
ing board provides only for positive weighting of scores. 

1 Kelley. T. ?. and Salisbury, F. S.  An Iteration method for deUnnlnlrt» multlpU eorrclaUoB 
«ooiUata. Jour. Aaar. StaU Aun., tl, 1926, pp. ttt 0. 
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The limited number of rows and spaces on the blank for the 
aggregate weighting board required some adjustments and com- 
promises, especially when the battery of tests was being weighted 
for a number of aircrew specialties, in this case, a good deal of 
juggling of positions of tests on the blank was necessary in order 
to make it possible to approximate closely the desired weights for 
all the difTerent composite scores. Since all the tests on a single 
row of the blank must receive the same weight, if they are 
weighted at all, there are marked limitations to the possible 
arrangements. It was only through masking out with masking 
tape certain board positions for certain score composites (and 
thus, in effect, weighting the test in that position zero for that 
job specialty).that a close approximation to the desired weights 
for the different jobs was possible. 

The negative weighting of any test must be accomplished, 
using this equipment, by reversing the score scale for the test, 
that is, by subtracting all scores from a constant. Giving a test 
a positive weight for one aircrew specialty and a negative weight 
for another becomes very unwieldy in this case. It means that the 
test must be treated essentially as two tests and entered on the 
aggregate weight sheet twice, once with the original scoring 
scale and once with the reversed scoring scale. In general, analy- 
ses indicated that no large negative weights were called for by 
the existing pattern of validity coefficients and test correlations. 
The general procedure, then, was to use no negative weights but 
to compute the set of positive weights which, by the iterative pro- 
cedure, reproduced as nearly as possible the validity coefficients 
of the component tests, and to base the actual classification upon 
this pattern of positive weights. The weights obtained in this way 
are equivalent to the regression weights which would result from 
a battery consisting only of the positively weighted tests. That 
is, the effect is essentially that of deleting from the battery any 
tests which would receive negative weights and basing the predic- 
tion upon the remaining tests in the battery. 

In several instances, comparisons were made between the 
multiple correlation resulting from only positive weights and the 
multiple correlation which resulted when negative weights were 
also admitted. The gains from including negative weights were 
negligible in every instance. In the one instance in which a test 
was actually introduced with a negative weight, subsequent data 
indicated the negative weight to be of no value and it was with- 
drawn. 

Elimination of negative weights had one other practical value. 
It simplified somewhat problems of public relations. It is quite 
difficult to explain, cither to subjects or to the general interested 
public, why a man's rating for a particular job should be lowered 
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because he performed well on a test. The mathematics of the sup- 
pression variable is not easy to expound to the lay public. 

Use of Aptitude Scores for Classification 
Throughout practically all of the aircrew classification testing 

program, the final use made of aptitude test scores was as a basis 
for recommepdafion of classification for one or another of the 
three aircrew assignments, bombardier, navigator, pilot. In the 
later stages of the program, separate composite scores were ob- 
tained for fighter pilot and bomber pilot and for several types 
of gunnery training. Still later, scores were introduced for flight 
engineer and radar observer. However initial classification, as 
far as the aircrew classification program was concerned, con- 
tinued to be in one of the first mentioned three categories through- 
out practically the whole war. A further enterprise was under- 
taken in the selection of gunners for assignment to B-29 aircraft, 
but this was, in efTect, a separate enterprise applied either to those 
not qualified to receive training in any of the categories bombar- 
dier, navigator, pilot, or to groups already in training in enlisted 
specialties, and not a part of the single classification procedure for 
pilots, navigators, and bombardiers. 

Composite aptitude scores were effective in assignment in two 
ways. In the first place, in order to be eligible for assignment to 
a particular type of training, a man was required to have at least 
a specified minimum aptitude score for that particular type of 
aircrew training. These aptitude scores were expressed in terms 
of standard score units on a scale from 1 to 9, in which 5 repre- 
sented average and each scale unit covered a range of one-half 
standard deviation. This form of scale received the designation 
"stanine" at an early date in the program and the term became 
a part of the language of the program from that time. 

The minimum qualifying stanines were determined by a number 
of practical considerations. In the early stages of the war, per- 
sons responsible for top policy were somewhat loath to disqualify 
anyone who had passed the preliminary screening with the AAF 
Qualifying Examination and the physical examination, and who 
had boon accepted as an Aviation Cadet, from flight training, in 
some one of the three specialties of bombardier, navigator or pilot. 
Therefore, initially no minimum score was set. Subsequently, 
data were accumulated which showed the effectiveness of the 
stanines for predicting success in training. At the same time, 
there developed a need for personnel to receive training as aerial 
gunners. Influenced by these factors, with undetermined weights, 
those in charge of policy acquiesced in a series of increases in the 
minimum qualifying scores. At the end of the war, a stanine of 
7 or better was required to qualify for each one of the baüic spe- 
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cialtie» of pilot, navigator, or bombardier. Many men disqualified 
from the above types of training wci'e trained as aerial gunners. 

In addition to providing minimum qualifying scores in terms 
of which certain men were disqualified from all types of aircrew 
training, the staninea provided a partial basis for determining 
the type of training for which a man should be recommended. The 
basis for recommendations included, in addition to stanine, 
strength of interest and willingness to waive first preference. In 
general, the procedure was to recommend men for the aircrew 
specialty for which they were qualified and for which they had the 
highest aptitude, excepting when this recommendation conflicted 
with the candidate's preference. In that case, preference was gen- 
erally allowed to prevail unless the difference in aptitude scores 
was very pronounced or unless the candidate expressed himself 
as willing to be classified by his aptitude score rather than by 
his preference. 

These procedures for determining for which of the several air- 
crew categories a man was to be recommended were clearly rule- 
of-thumb and had no mathematical basis. In this respect they 
contrast sharply with the procedures for determining weights 
in combining tests into a composite aptitude score. The weighting 
of tests was carried out with reference to an iterative approxima- 
tion to the mathematically best combination of separate tests for 
predicting a training criterion, but the use then made of the 
weighted composite scores was based only upon practical con- 
siderations and professional judgment as to an appropriate way 
of combining the various different items of information. This 
contrast will be considered in somewhat more detail in a later 
section of this chapter. 

Addition of Tests to the Battery 
At this point we shall give some attention to the procedures 

which were used for determining when a research test should be 
added to the existing battery of classification tests. We shall 
assume for this discussion that a battery of classification tests 
had already been in use for some time and that the question which 
arose was whether or not a particular new research test should 
be added to the existing classification test battery. This question 
came up with regard to each new research test as soon as data 
were available with regard to its validity for any one of the 
aircrew specialties. In practice, these data were, in almost every 
case, data on validity for pilot training, because the usual adminis- 
tration of a research test to one or two thousand cases in a Classi- 
fication Center yielded data for primary pilot training first and, 
in most cases, yielded sufficient data to be of sigpificancc only for 
the pilot category. 
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The data in terms of which judgments were made as to whether 
or not a research test should be added to the battery were the 
correlation of the test with the criterion of success in the particu- 
lar aircrew specialty and the correlation of the test with the 
stanine for that specialty. These correlations had been corrected 
in most instances for curtailment due to selection of the indivi- 
duals to receive training on the basis of stanine. Given these two 
correlations and the correlation of stanine with the criterion, it 
is possible to determine immediately how much the new test 
would add to the existing stanine if the two were combined with 
regression weights but without any internal changes in the 
existing stanine. When the tests already in the battery are cor- 
rectly weighted, this gives a minimum estimate of the contribu- 
tion of the new test to the multiple correlation when that test is 
combined with all the tests currently in the classification battery. 
It is a minimum estimate because internal changes in the existing 
stanine would be made only if they resulted in further increase 
in the multiple correlation and consequently could only result in 
still further increments. Of course, if the tests already in the 
battery are not optimally weighted, it is possible that the same 
increment in validity which is provided by the new test might be 
achieved completely or in part by re-weighting the tests already 
in the battery. 

Partly for use in prevalidation analysis of research tests and 
partly to facilitate calculation of the amount that a new test would 
add to the validity of the staniae, a set of tables was prepared to 
show the validity required in a test if it were to add .01, .02, .03, 
.04, or .05 to the validity of another measure of known validity.» 
In this case, the other measure was the stanine and in preparing 
the table a value of .50 was used as an estimate of stanine validity. 
The table provided entries for different values of the test vs. 
stanine correlation. The values in the table were computed by 
the formula 

r.k = rk.Rc.t ± Va(a + 2 R...) (1 - r*.») 
where 

a = the specified increase in the multiple correlation 
r,ii = the validity required of test k to achieve the increase a 

R^i = the multiple correlation of the battery, excluding test 
k, with the criterion 

rk, = the correlation of test k with stanine score when test k 
is excluded from the battery 

It must be admitted that no satisfactory methods were available 
to determine the standard error of an increment in the multiple 

1 TSe foimula and Ublcs wer« developed by Ll. Col. A. Paul Hont. 
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correlation provided by the addition of a new test. In general, 
the statistics on the battery and those on the experimental tests 
did not include the same population, which fact made any estimate 
of the standard error of empirically determined increments still 
more difficult 

A new research test was considered worthy of more detailed 
statistical analysis insofar as the preliminary analysis showed it 
to make a substantial contribution to stanine validity, insofar as 
the sample for the experimental test was large, and insofar as the 
existing battery of tests for predicting success in the particular 
specialty in question was relatively poorly established or unsatis- 
factory. 

These research tests which preliminary analysis indicated to 
be promising, in that they would increase prediction as single 
additions to the existing stanine, were typically added as addi- 
tional variables to the matrix of battery intercorrelations and 
validities and a complete analysis was made of the tests in the 
battery and of the one or more promising research tests, using 
the iterative procedures for determining test weights described 
above. An outstanding advantage of this iterative procedure was 
that its speed made it practical to determine regression weights 
and resulting multiple correlation coefficients for a number of 
research tests as they were added singly and in combination to the 
existing battery. In such an analysis, the previous weights for 
the tests in the battery ordinarily provided a good initial approxi- 
mation from which to make further iterations, and this pro ;edure 
led to quite prompt convergence of the weights upon their final 
values. An examination of the multiple correlation coefficients 
resulting from the battery alone and the battery in combination 
with one or more research tests and of the regression weights for 
the several tests permitted a decision as to which, if any, of the 
research tests to add to the battery and which, if any, of the 
existing battery tests to drop upon the addition of research tests. 

Although no exact mathematical standard was rigorously 
adhered to as the basis for adding a new test to a battery, during 
the last year or two of the war the working standard for selecting 
new tests for inclusion was that validity data based upon a 
minimum of 1,000 cases should indicate that the test would add 
.02 to the multiple correlation of the battery with the criterion. 
Each test which approached this standard was individually evalua- 
ted in terms of validity data and other statistical and practical 
considerations. As previously indicated, no applicable standard 
error formula for the increment in multiple correlation resulting 
from the addition of new tests to the battery was known; therefore 
it was impossible to determine how much regression an augmented 
multiple correlation could be expected to undergo in a new sample. 
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Length of the Aircrew Classification Battery 

Throughout the war, the battery for aircrew classification was 
consistently maintained at about 20 tests. During most of that 
period, 6 of these tests were apparatus tests administered to sub- 
jects in groups of 4, each subject having his own copy of the 
apparatus to work on, while the remainder of the tests were 
printed tests administered to groups of 100 to 200 applicants at 
the same time. A complete day of each subject's time was required 
for the group testing session, while the apparatus tests required 
at least 2 hours on some other day. At this point it will be appro- 
priate to consider the reasons for this extensive and rather elab- 
orate testing program. 

To begin with, it must be remembered that classification initially 
required estimates of aptitude for three distinct types of training 
—bombardier, navigator, and pilot—and that eventually other 
specialties such as flight engineer and radar observer were added. 
Though there was some overlapping of tests, the tests which 
were important for one specialty were ordinarily not the impor- 
tant ones for another specialty. Thus, the battery can in a sense 
be thought of as consisting of five or six tests for each aircrew 
specialty. 

Somo reduction in the number of tests might have been possible 
without serious losses in validity in any of the 3 aircrew positions, 
but it is difficult to get an entirely adequate evaluation of that 
point from statistical analyses. For particular samples of data, 
it was shown that predictions of all 3 aircrew positions could be 
obtained from one battery of 10 tests which gave correlations with 
the criteria differing from those obtainable from the complete bat- 
tery of 20 or so tests by no more than .01 for any of the 3 aircrew 
categories. However it must be realized that these data were 
based upon the specific group for which the validity data were 
obtained. It must be anticipated that the values based upon only 
a fraction of the tests will show a marked shrinkage when applied 
to a new sample, a shrinkage which will be greater than when the 
regression weights are based upon all the tests. This point will 
bear a little elaboration. 

If a large number of tests are given to a group of subjects and 
correlated with each other and with a criterion variable, the 
sampling fluctuations among the correlation coefficients will be 
sufllcient so that it will practically always be possible to find 
some few tests which will give a substantial prediction o^ that 
criterion in that sample. However, in addition to any true rela- 
tionship between the variables and the criterion, that prediction 
capitalizes upon the chance fluctuations in validities and inter- 
correlations of the variables. The smaller the number of variables 
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selected to be weighted, the more premium is placed upon chance 
favorable fluctuations in these particular variables retained and 
weighted. In general, the variables which are retained will be not 
only those that are most valid but also those which show the most 
favorable fluctuation from their true value in the particular 
sample. No accurate analytical formulation of this phenomenon 
is known, and it is not possible to estimate its magnitude with 
precision. 

Combining Data from Various Sources 
Ideally, in any program for the statistical analysis of test data 

ind the determination of optimum weights for combining scores 
faom a number of tests into a battery for the prediction of a cri- 
terion measure, data for all the tests being considered should be 
based upon the same large sample of cases. In this case, no ques- 
tion can arise as to the equivalence of samples available for differ- 
ent tests with regard to the population from which they were 
selected, the experiences to which they were subjected, or the 
criterion measures which were obtained upon them. Equality from 
test to test in these factors is guaranteed. In practice, however, 
with a real testing program in which testing time is limited and 
in which tests reach maturity over quite a period of time, this 
ideal cannot be achieved or perhaps even very closely approxi- 
mated. 

In practice in the Aviation Psychology Program, research tests 
were given for validation as they were completed and as .time for 
experimental testing was available in the testing schedule. 
Validity analyses for each experimental test were carried out for 
the cases among those tested for whom adequate criterion data 
became available. For classification tests, validation was ordi- 
narily carried out on much larger groups, often representing a 
complete class or several classes for a particular form of training. 
Intercorrelations were usually based upon Classification Center 
groups, which included not only those sent into several different 
types of aircrew training,.but also those disqualified from aircrew 
training for low aptitude or other reasons. When statistical analy- 
ses of various research and classification tests were undertaken, it 
was necessary to assemble data from various sources. Ordinarily, 
test validities were estimated by making a weighted combination 
of all acceptable validity data on that test for the criterion being 
studied, and correlations were assembled from various sources. 
This procedure admitted of some hcterogene'ty of data from the 
dilTercnt tests, but there seemed to be no alternative under the 
circumstances. 

It was generally believed, though never convincingly demon- 
strated, that the above-mentioned heterogeneity was real and posi- 
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bly rather significant. If one restarch test happened to be vali- 
dated upon a particularly favorable sample, it might be included 
in the test battery when such inclusion was not really merited, 
whereas another test which would truly have added to battery 
validity would have been rejected because it was validated upon 
an unfavorable sample. Stanine validity showed substantial fluc- 
tuation from one large group to another. It was rather generally 
felt that thoso variations were larger than could have been ex- 
pected from sampling fluctuations alone, though no rigorous test 
of this point was ever made. Furthermore, the progressively 
higher standards for men sent into training as the war progressed 
made change in the elimination criterion very possible. In addi- 
tion, there were, of course, the fluctuations in criteria and in 
validities arising from purely random sampling. 

Some thought was given to the problem of making an adjust- 
ment to specific test validity cocflicienta based upon the validity of 
the stanine for the particular sample upon which that test was 
validated. That is, if the stanine validity was unusually low for 
the sample upon which a particular research test was validated, 
it seemed reasonable that the validity estimate for the test would 
be too low and that some allowance should be made for this. How- 
ever, no satisfactory procedure was developed. Some purely intui- 
tive allowance was made, in interpreting validity statistics, for 
stanine validity in the sample. In general, however, it may be 
stated that the problem of heterogeneity of data for different tests 
was one which was recognized but not solved. 

Determination of Weights In Absence of Direct Empirical Data 
The practical exigencies of military operations made it neces- 

sary in some instances to set up weights for use in classification 
before empirical data were available to make possible the type of 
analysis which we have discussed in the preceding sections. Re- 
search testing on an experimental basis was started in the AAF in 
a small way in the Fall of 1941 with the testing of 2,000 or 3,000 
men on certain available tests. Shortly after war was declared it 
was decided that classification procedures would have to bo put 
into operation immediately for differentiating between assign- 
ments to bombardier, navigator, and pilot training. Due to the 
length of time required for criterion data to mature and to the 
very short time lapse between the beginning of the research pro- 
gram ,and the requirement to stai-t actually processing applicants, 
no data from the research program were available when the first 
battery of classification tests had to be established. Fragmentary 
data were available from testing in the RAF, RCAF, CAA and 
the Navy, and some information was available from job analyses 
in the AAF. In terms of these, it was necessary to establish a set 
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of weights for immediate use, subject to subsequent revision as 
empirical data became available. These initial weights were 
developed by psychological personnel in the light of testing in 
other organizations and of available job analyses. They were pro- 
gressively revised as validation data became available from the 
direct results of the psychological testing program in the AAF. 

Even after validation data began to become available from the 
AAF program, it still remained necessary to run somewhat ahead 
of existing data in various instances. For example, a test of pilot 
information was developed and introduced into one of the early 
teat batteries. By the time validity data had been received for 
this particular tes!; a number of other promising types of informa- 
tion test items had been suggested on the basis of validities of 
several different types of tests and had been incorporated in a 
revised pilot information test for use in the classification test 
battery. Collateral data were available for all the types of items 
in this revised test, in terms of their validities in other combina- 
tions and contexts. However, no empirical validity coefficient was 
available for the exact combination of items represented in the 
new test. It was necessary, therefore, to estimate the validity of 
this new test form somewhat impressionistically in terms of the 
collateral data. In almost all of the determinations of weights 
from analyses of a test battery, there were certain tests in which 
different types of estimation from data on similar tests or com- 
ponent test sections had to be used in arriving at the final validity 
value used in the correlational analyses. 

Again, validity data were available most readily and sometimes 
exclusively for the more immediate criteria of success in early 
stages of training. However, observations became available from 
returned combat personnel and from visits of psychological per- 
sonnel to combat theaters as to further abilities called for in the 
combat situation which did not show up in the more immediate 
training criteria. The degree to which weights based on statis- 
tical evidence of validity for training criteria should be modified 
by qualitative analyses and judgments of the distinctive require- 
ments of operation at the combat level could be determined only 
on the basis of judgment by the personnel'involved. In preparing 
some of the later batteries for the aircrew classification program, 
the actual regression weights against training criteria were tem- 
pered in some measure by such considerations. In the last analy- 
sis, then, it may be said that the set of weights used at any time 
for classification purposes involved some element of judgment as 
to the validity of one or more of the tests in the battery or as to 
considerations other than validity for training which should be 
taken into account. 
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Partial Criteria 

As has been indicated, in practically all of the aircrew special- 
lies for which personnel were being selected and classified in the 
Aviation Psychology Program, there were a number of available 
criteria. These consisted of criteria of different types and at 
different levels of training or operations. For example, in the 
case of pilot training, one criterion was supplied by elimination in 
training, and even this could be subdivided into the stages of 
primary, basic and advanced. In operational training a number of 
different criteria were available, including for fighter pilots air- 
to-air gunnery, air-to-ground gunnery, accidents, rcclassification, 
and various types of ratings. Combat provided such criterion in- 
formation as promotions, decorations, reported victories, casual- 
ties, and reclassifications. These types of criterion information 
all appeared to be in some degree relevant to judging the success 
of a particular individual, some more so and some less. The cor- 
relations among many of the separate criteria were found to be 
quite low. When several types of criterion scores are available, it 
is possible to determine the correlation of prediction tests with 
each of those criterion measures. One must then determine how 
to weight and combine the various partial criteria in determining 
the weights to be used in selecting personnel for assignment to this 
particular type of training. 

No systematic procedure for carrying out this operation was 
reached in the Aviation Psychology Program. In general, the pro- 
cedure was to base analyses on the most accessible criterion, 
namely that of success in training. As scraps of information were 
subsequently received on the more advanced stages of perfor- 
mance, some tempering of the weights based upon the training 
criterion was undertaken, but this was not upon any systematic 
or analytical basis. 

It is possible to make an analytical, mathematical approach to 
the combination of partial criteria. The calculation of canonical 
correlations' provides a determination of the maximum prediction 
of a weighted group of criterion measures from a weighted group 
of prediction variables. The maximum prediction is achieved 
only when appropriate weights are assigned both to the predic- 
tors and to the criterion variables. Thus, when these weights 
are determined a mathematically unique solution is achieved for 
the maximum possible prediction of that group of criterion vari- 
ables using that group of predictors. However, although this 
solution may be mathematically exact, there is some question as 
to whether it is practically meaningful. It seems doubtful whether 

1 Hotclling. H.   Relation» between two MU of varUtti. Blomctrtlu, T. 2«, p»rU I and 4. 
1936. pp. m-STT. 

87 

rt   .TBfli 



11 
~u. .... 

there will be any particular correspondence between the weights 
assigned fo part criteria in a mathematical solution and the judged 
importance of the part criteria in terms of the goals of training 
in that particular aircrew specialty. 

The alternative to an analytical solution to the problem in 
terms of maximum prediction is a solution based on some com- 
posite of practical judgment What seems to be required is some 
systematic way of asscinbling judgments of competent individuals 
as to the relative weight to be given to the various possible part 
criteria and of combining these judgments to yield a composite 
weighting scheme. Once the weights and intercorrelations of the 
partial criteria for which validation data are available have been 
determined, it becomes a relatively straightforward matter to 
determine the correlation of each test with that weighted com- 
posite and then to determine the appropriate regression weights 
for each test. The practical problems involved in this procedure 
appear to be those of picking an appropriate group of individuals 
to perform the evaluation and of developing a statement of instruc- 
tions which will make the task maximally meaningful and clear- 
cut to them. The extensive use of judgment is inevitable when 
more than a single criterion variable is considered. The only 
question is how systematically the individual judgments shall be 
obtained and combined and to what extent the judgmental pro- 
cedure shall be supplemented by mathematical analysis. Analytical 
procedures probably provide little direct support to judgment in 
determining how much to weight each partial criterion. Once that 
decision has been reached, however, analytical determination of 
the validities for the weighted composite criterion, and of the 
optimal weighting of test scores to predict this criterion, should 
provide a very relevant guide to the final decision as to test 
weights. 

ALTERNATIVE METHODS OF DETERMINING QUALIFICATION 
AND ASSIGNMENT 

At least two other approaches to the general problem of quali- 
fying and classifying men for aircrew training may be consid- 
ered. It will be appropriate at this point to take these up and indi- 
cate the considerations which led to their not being used as the 
procedure in the AAF aircrew classification program. The first 
of these will be designated the procedure of multiple cutoffs. In 
this procedure minimum qualifying scores are set for each of a 
number of tests separately, and those individuals are accepted 
as qualified who fall above the cutting score on all of the separate 
tests. A man is rejected who falls below the cutting score on 
any test. The second procedure may broadly be designated the 
clinical approach.   This approach is distinguished by the fact 
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that the final judgment as to whether or not a particular indi- 
vidual is qualified for training or as to the type of training to 
which he shall be assigned is made individually for each man 
in terms of considerations which cannot be reduced to an objec- 
tive mathematical formula. The clinical approach would ordinarily 
be expected to make use of data other than quantitative test scores, 
but it would also be possible to treat a set of quantitative teat 
scores clinically and to base the decision upon whether the par- 
ticular total pattern of scores obtained by an individual qualified 
him for a specific type of training. 

Multiple Cutoff Procedure 

This procedure may be examined both from the point of view 
of the logical assumptions which are implied by it and from the 
point of view of the practical operations which it would require 
if used in connection with an extensive battery of tests. It may 
be stated that the procedure was judged to be less acceptable than 
that of using a weighted composite score both from the logical and 
from the practical point of view. 

Assumptions in Multiple Cutoff Procedure Compared vnth Those 
of Multiple Regression 

The assumptions of a multiple cutoff procedure, in which a 
minimum score is established for each of the separate tests of a 
battery, may be compared with those of a multiple regression 
approach most simply in the case of two test variables. Let us 
assume that we have administered two tests to a population of 
subjects and that we wish to determine from the results on those 
two tests the procedure which will give us the most accurate 
prediction of success on some criterion, such as pass-fail in pri- 
mary pilot training. The joint distribution of scores on the two 
tests can be shown on a two-way frequency scattergram. The 
joint frequency distribution will probably follow a pattern some- 
what like that indicated in figure 6.1 shown below. In the case 
of multiple regression procedures we determine a linear combina- 
tion of the two test scores such that a single aptitude score is 
computed. A minimum qualifying score established in terms of 
this aptitude score will be represented in figure 6.1 by line a. 
All individuals falling below and to the left of line a will be dis- 
qualified, and all those falling above and to the right will be 
qualified. The slope of line a is a function of the relative weight 
of the two tests in the combined aptitude score, and the position 
of line a is a function of the standard set to qualify for training. 
If separate minimum scores are established for each of the two 
tests, these will be represented in figure 6.1 by the lines b and b*. 
The effective difference in these two procedures is that those 
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itidividuals falling within the area indicated by horizontal linint? 
are considered qualified in the first instance but not the second, 
whereas those in the area indicated by vertical lining are consid- 
ered qualified in the second instance but not in the first. 

The use of multiple cutoffs for difTerent component tests would 
seem to be justified in those cases in which the relationship be- 
tween test score and performance upon the criterion is conspicu- 
ously non-linear. If there is some point along the scale of per- 
formance upon a particular test below which all or most indi- 
viduals fail in the job and above which few fail in the job, then 
a procedure which determines that point and establishes a sharp 
cutting score at that point undoubtedly has advantages. Insofar, 
however, as a continuous and approximately linear relationship 
exists between test score and success on the job, there is no basis 
for establishing a uniquely desirable cutting score on the particu- 
lar test, and it is probable that the test can be used most cftec- 
tively in a linear combination with the other test scores. In 
this connection it should be noted that one may expect some ap- 
pearance of nonlincarity in empirical data from a limited number 

90 

I   1 



(    I 

of cases in many instances. The crucial issue is whether this same 
nonlinearity appears in subsequent samples. Any critical study 
of the results for multiple-cutotT procedures must be based upon 
cross validation of the procedures upon a new sample. Examina« 
lion of the relationship of percent eliminated in training to test 
score for the various tests with which the AAF psychological 
program worked showed, for each test which had any substantial 
validity, a continuous relationship with progressively more 
eliminees at the successively lower score levels. In general, then, 
the data indicated that regression procedures were more appro- 
priate than multiple cutoff procedures. 
Practical Problems of Using Multiple Cutoffs 

In the aircrew classification program, multiple cutoff. pro- 
cedures were rejected not only because empirical results indicat- 
ing that the procedures were less appropriate to the data but also 
because of impracticality. Multiple cutoff procedures may repre- 
sent a practical, and possibly an appropriate approach to the 
simple problem of selection when the selection is based upon no 
more than two or three tests. When, however, the number of 
tests increases to as many as 15 or 20, and when the problem is 
not merely one of establishing minimum qualifying scores but 
also one of accomplishing positive classification among the several 
aircrew specialties for which an individual may be qualified, pro- 
cedures based upon successive cutoffs break down. The sheer 
burden of computational trial and error required to establish 
cutting scores for a battery consisting of a number of tests makes 
the procedure almost impossible from any practical point of view. 
If it were proposed to examine the appropriateness of no more 
than three different cutting scores on each of ten different tests, 
the total number of combinations for which the results would 
have to be analyzed would be approximately 59,000. A second 
major practical difficulty is that a series of cutting scores for a 
given aircrew specialty merely provides a basis for saying whether 
a person is or is not qualified for that particular specialty. It 
provides absolutely no basis for determining the one of several 
specialties for which he is best qualified. Since the original em- 
phasis of the aircrew testing program was almost entirely upon 
classification and since qualification entered into the scheme only 
later as a subsidiary problem, it is clear that a procedure which 
merely provides a basis for deciding whether or not a person 
meets minimum qualifications for a particular assignment would 
have been entirely inappropriate. 
Clinical Procedures 

Throughout the course of the Aviation Psychology Program, 
pressure was repeatedly exerted to have use made of the clinical 
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approach in place of or in addition to the purely objective ap- 
proach which had been adopted. It was urged that a rigid pro- 
cedure of combining separate test scores, without any provision 
for evaluation or judgment of the pattern for a single individual, 
lost a good deal of valuable information which could have been 
used if skilled clinicians had been permitted to interpret the test 
results. Furthermore, it was contended that there were various 
types of data concerning the individuals which could not be re- 
duced to objective test procedures but which could be obtained 
by the clinician through individual procedures of personal inter- 
view. In spite of these contentions, it did not seem feasible to use 
clinical procedures in the Army Air Forces classification testing 
program for reasons which are indicated below. 

(a) An initial objection was that of requirements of time and 
training on the part of program personnel. Those espousing the 
clinical approach generally agree that the clinician needs time for 
a leisurely and unhurried evaluation of the individual and of the 
data pertaining to him. Furthermore, it is generally agreed that 
clinical procedures depend heavily upon the competence and ex- 
perience of the individuals working with the subjects and render- 
ing clinical judgments upon them. The aircrew testing program 
was, in the very nature of things, a mass program. There were 
periods in which certain of the testing units had to process as 
many as 500 candidates a day. The number of persons who, by 
even the most liberal interpretation, could have been considered 
qualified to make a clinical evaluation of the records of applicants 
for aircrew training would have been adequate to handle only 
a small fraction of this flow. The application of clinical procedures 
in any adequate fashion would have required a considerably larger 
total allotment of personnel that was available in the aircrew 
program and an enormously larger allotment of individuals with 
adequate clinical training. 

(b) The clinical approach inevitably suffers from the fact 
that it cannot be standardized in any uniform way. This makes 
it no better than the groajt bulk of the individuals through whom 
it must be implemented. Even if it can be demonstrated that 
clinical procedures are valuable as applied by certain persons 
with specialized training and abilities, there is still no guaran- 
tee that those values can be maintained week in and week out 
by the group of relatively untrained individuals carrying on a 
routine procedure with numbers of cadets over a long period of 
time. 

(c) Finally, it may be stated that the data which were iavailablc 
to the aircrew classification program provided no convincing 
demonstration of the practical efTectiveness of clinical procedures 
for selecting individuals for aircrew training. A number of studies 
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were carried out on a relatively small scale, as tends to be nocca- 
saiy with studies of clinical procedures, in which an effort was 
made to validate certain types of ratings and subjective evalua- 
tions of personnel undergoing classification tests. These are 
described in more detail in Report No. 5 of this series of reports, 
but it may be stated in general at this point that the results were 
unpromising. There was little evidence to suggest that subjective 
evaluations of the type which could be made on the basis of 
Rorschach test, observation of performance while receiving psy- 
chomotor tests, informal observations during a rest period, and 
similar observations contributed to the validity of the battery 
based upon objective test scores. In certain instances, personnel 
officers or medical officers undertook to make exceptions to the 
then current minimum staninc to qualify for training. The 
exceptions presumably represented cases for which, in the clinical 
judgment of the officer in question, other factors compensated for 
the unfavorable staninc picture. There is no evidence that cases 
selected in this way graduated from training appreciably more 
often than would have been expected on the basis of their 
stanines. 

PROBLEMS OF A UNIQUE CLASSIFICATION SYSTEM 

It has been indicated in the introduction to this chapter that 
rigorous mathematical procedures were used only to determine 
the separate aptitude scores for each of the aircrew specialties. 
The procedure for determining to which specialty an individual 
could most advantageously be assigned was then a rule-of-thumb 
procedure which was based upon the difference between the 
single aptitude scores. The mathematical approach carried, there- 
fore, only as far as setting up a set of selection devices for each 
of a number of separate aircrew specialties. That is, each stanine 
can be considered as a selective device for picking bombardiers, 
navigators, or pilots, as the case may be. 

Classification also appears to present a group of problems 
which should be susceptible to approach in analytical terms. A 
pure problem of classification arises when we have N individuals 
to be allocated among N positions in k different categories, and 
it is desired to maximize the over-all effectiveness of the resulting 
organization. In the case which we are describing, there are no 
more men than jobs, so it is not possible to reject any individuals 
completely. In this case, it will be possible to make only limited 
use of Ihc absolute level of the individual's aptitude for or ability 
in particular jobs; the critical factor will be differences in level 
of aptitude for or ability in the k possible assignments. The situa- 
tion is further complicated, in the practical case, by the fact 
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that it will frequently be more important to approximate" the 
maximum level of effectiveness in certain job categories than in 
others. Thus, in classifying AAF ground personnel it might 
have been thought more» importani to have the very best possible 
bombsight maintenance men than to have the very best possible 
cooks. 

The classification problem has been somewhat generally formu- 
lated in the previous paragraph. We will try now to state it some- 
what more explicitly, indicating the types of data which must 
be given to make an analytical statement of the problem possible. 
Given: 

(1) A limited number N of individuals available for job 
assignment 

(2) A limited number hi of jobs which require to be filled, 
which arc of k different kinds. 

(3) A series of measures of individual aptitude or achieve- 
ment. 

(4) Data on the validity of each of the measures in (3) for 
each of the job categories in (2), together with the 
correlations among the measures and the correlations 
among the criteria. 

(5) Weights to be attached to each job specialty, indicating 
the importance attributed to having maximum effi- 
ciency in that job. 

Required: 

A procedure for assigning the complete group of men in such 
a way that the weighted sum (by the weights in (5) above) of 
the aptitudes (or some function of them) of all the men in all 
the jobs shall be a maximum. 

The above statement sets the classification problem in its pure 
form. The problem is clearly a complex one, and analytical ap- 
proach to it will be very difficult even when satisfactory values 
can be established for all the "givens" listed above. However, 
this is the problem which must in fact be dealt with in many 
practical "situations. It is currently dealt with in terms of profes- 
sional judgment for which there is a minimum of systematic 
rational support. Any improvement in the analytical basis for 
differential assignment would seem to be a very worthwhile 
achievement. Although personnel of the Aviation Psychology 
Program were keenly aware of the limitations of current statisti- 
cal procedures in providing the basis for a genuine classification 
program, it was possible to do little more than formulate tha 
problems involved. 
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DESCniPTIVE STATISTICS 

In addition to the analytical statistical procedures which have 
been described in this and the preceding chapter, certain simple 
and effective techniques were needed to present the results of 
classification testing to a lay audience. A correlation coeflkient 
has very little moaning to the reader unless he possesses a fair 
amoui.t of statistical sophistication. Personnel in responsible po- 
sitions who must make decisions with regard to the continuation 
or expansion of psychological activities are inclined to show a 
certain amount of impatience when they are faced with reports 
containing groups of correlation coofTicients, regression weights 
and other unfamiliar statistical values. It becomes important, 
therefore, to devise effective ways of presenting results of testing 
research to statistically untrained personnel. From relatively early 
in the course of the development of the Aviation Psychology Pro- 
gram, psychologists devoted an appreciable fraction of their ener- 
gies to the preparation of materials for distribution to non- 
specialized personnel. 

Most of the materials prepared for nontechnical use were 
graphic in nature. The most common of these graphic presenta- 
tions was the bar chart. Since all composite aptitude scores 
were prepared on the 1 to 9 standard score scale (stanine score), 
they were in very convenient form for preparation of bar charts. 
The typical chart, of which a great many were prepared during 
the war, consisted of a series of bars, each showing the elimina- 
tion rate at a particular stanine level. An example of one of these 
is presented in figure 6.2. This type of chart permitted a dra- 
matic presentatio.i of, the different probabilities of success in a 
particular type of training for students with different levels of 
aptitude. Bar charts were piepared both for the composite apti- 
tude ccore and for performance on the separate tests which went 
'nto the composite. 

The type of bar chart which we have just described has cer- 
tain limitations as far as providing practical information in terms 
of which administrative action can be taken. The question of 
the practical administrator is likely to take some such form as: 

If we eliminate men below this specified level, what improve- 
ment may we expect in proportion completing training? 

How many men will we have to recruit to fill quotas if these 
particular standards are used to qualify applicants? How many 
will we have to train? 

Will this particular set of standards yield an appropriate per- 
centage qualified for each of the different types of assignment? 

For practical planning purposes various tables were prepared, 
based upon the data on elimination rate at various-stanine levels. 
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These showed the yield which could be expected out of a given 
group of men available for testing, in terms of the number who 
would be qualified to enter training and the number who could 
be expected to graduate if a given minimum score were required. 
Tables of this sort could be used in connection with the figures for 
flow of graduates which had been specified by higher headquar- 
ters so as to adjust flow into the different types of training in 
accordance with the required output and to yield maximum effi- 
ciency in terms of reduced training wastage. 
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CHAPTER SEVEN. 

Problems Associated With 
Reliability and 

Reliability Determination 

NEED FOR DATA ON RELIABILITY 

In general, the importance of information on the reliability of 
measuring instruments is thoroughly recognized. In fact, the 
significance of reliability has sometimes been overestimated, in 
that reliability in a test has sometimes been considered an end 
in and of itself rather than a necessary condition for obtaining 
significant relationships. However, it is worth spending some 
time upon a consideration of the particular values which data 
with regard to reliability have for a research program for the 
development of classification and selection procedures, together 
with a consideration of the difficulties which arc encountered in 
defining and determining adequately the reliability of various 
measures. It is of some interest to see just what values arc served 
by reliability statistics and to see in which contexts evidence on 
reliability is of only limited importance. We rvill find it appro- 
priate to consider the significance of data on reliability, first, with 
regard to criteria, and secondly, with regard to analysis of test 
data. 

Reliability Data in the Evaluation of Criteria 

It goes without saying that one characteristic desired in a cri- 
terion is that it shall be reliable. The more reliable the criterion, 
the higher the correlation which may theoretically be obtained 
oetweon that criterion and various predictive measures. How- 
ever, it is not essential that the reliability of a criterion be high 
as long as the reliability is definitely greater than zero. Even 
when the reliability of a criterion is quite low, given that it is 
definitely greater than zero, it is still possible to obtain fairly 
substantial correlationa between that criterion and reliable tests, 
and to carry out useful statistical analyses in connection with the 
prediction of the criterion. Since the range of values of the cor- 
relation cocflkient falling between no prediction and maximum 
prediction is restricted for this relatively unreliable criterion, and 
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since the obtained correlations arc consequently compressed into 
a narrower range, it will be necessary to increase the size of the 
population in order to obtain stable results. However, the unre- 
liability of the criterion can bo compensated for by such an in- 
crease in the size of the population. 

Information about the reliability of a criterion is needed in 
the first place, to establish the fact that the reliability of the cri- 
terion is not zero. Unless this can be established at a reasonable 
level of confidence, further data based upon this criterion are 
likely to be quite ambiguous. In particular, negative results will 
be uninterprctable. 

There were a number of cases in the aircrew classification pro- 
graiu in which correlations were obtained between aptitude meas- 
ures and existing criteria in training or combat and in which it 
was found that available tests gave no prediction of those criteria. 
In many of these cases, unfortunately, the nature of the criterion 
was such that no estimate of its reliability could be obtained. 
For instance, ratings were obtained on combat personnel from 
certain overseas Air Forces. In these ratings only a single ob- 
server evaluated each man, so that no estimate of consistency 
in making the ratings was possible. The available classification 
test data were found to have little or no correlation with ratings 
obtained in that way. However, general experience with ratings 
prepared by relatively untrained personnel and under conditions 
of minimum supervision leads one at least to entertain the possi- 
bility that the reliability of these ratings was essentially zero 
and that nothing could possibly have been found which would 
have correlated with them. In a case such as this, one is in the 
unsatisfactory situation of never knowing whether the failure to 
predict was due to the inadequacy of the test battery or the un- 
reliability of the criterion. 

A second value of reliability statistics for a criterion is to 
indicate what the maximum prediction is that could possibly be 
obtained for that criterion from a group of highly reliable tests. 
This last information is of significance in indicating what pro- 
portion of the predictable variance in the criterion has been 
accounted for by the testing procedures already developed and 
what portion remains to bo accounted for by future tests still to 
be developed. It provides some guide as to the probability of 
significant gains from further research devoted to the prediction 
of the criterion in question and consequently some indication as 
to whether research can still profitably be pursued in that area. 

Rclinliilily SlatUlirs in the Analysis of Test Data 
Information with regard to reliability of a test may become 

of significance at two points in the sequence of test analysis and 

98 



I   ! 

I 

i 

evaluation. In the first place, data with regard to reliability are of 
interest during the initial stages of developing a new test. In 
the second place, reliability data are important for interpreting 
the correlations among a battery of testa. 

When a new test is being developed we must bo sure that the 
test achieves at least minimum standards of reliability. Other 
things being equal, the more reliable a test is, the more valid 
it will be. However, it must be remembered that the increase In, 
validity of a lest is not proportional to the increase in the relia- 
bility coefficient for that test but is rather a function of the square 
root of the reliability coefficient. Given a test with reliability of .64 
and validity of .24, if the test is lengthened so that its reliability 
is increased to .81, we can only expect the validity to be raised to 
.27. Thus, we cannot expect large gains in validity by refine- 
ments to increase the reliability of an already moderately relia- 
ble test. In any event, in the initial development of a test the 
effort is to achieve as high reliability as possible without sacri- 
ficing other desirable test characteristics, so that the validity of the 
test may be attenuated as little as possible by chance error vari- 
ance. In this connection, the gain from increased reliability must 
be weighed against the cost of increasing that reliability in terms 
of additional expenditure of testing time. In the case of a test 
battery the point of diminishing returns is ordinarily reached 
at a fairly early stage and beyond that point additional testing 
time devoted to a particular test will contribute less to the over-all 
validity of the test battery than will the same time devoted to 
some additional type of test materials. However, it would proba- 
bly be difficult, if not impossible, to formulate a complete analyti- 
cal statement of these relationships. 

Our first use of reliability data, then, is as a guide in test 
construction. The data suggest whether details of testing pro- 
cedure should be modified in the hope of obtaining a more reliable 
measure of the particular function being studied within the 
given period of testing time. 

The second use of reliability data arises in connection with the 
analysis of the intercorrelations among a battery of tests. Our 
concern here is primarily with evaluating the uniqueness of each 
test as an independent contributor to the test battery. Within 
a given test battery, we can think of the variance of a single 
test as being divisible into three fractions. One fraction is vari- 
ance which is common to that test and to other tests in the test 
battery. This variance of a single test is predictable from the 
other tests in the battery and its amount is given by the square 
of the multiple correlation between the test in question and all 
the rest of the tests in the battery. A second fraction of variance 
in a given test score is error variance; that is, variance which 
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is specific to that administration of that test and which could 
not be predicted oven by administration of another form of the 
same test. The amount of variance of this type is indicated by 
the reliability coefTicicnt for the particular test. The third frac- 
tion of variance for a test, and the fraction in which we are most 
particularly interested, is the fraction which is genuine, sys- 
tematic variance in individual behavior (is predictable from day 
to day and from one form to another of the particular test) but 
is variance which cannot be predicted from the rest of the tests 
in the battery. This fraction of variance represents the indi- 
vidual and unique contribution of the test in question to the total 
battery. Insofar as a particular test score can be predicted from 
the other tests in the battery, it contributes nothing new of its 
own and can increase the total predictive power of the battery 
only through increasing the reliability of the composite score. 
Only insofar as the test has unique variance can it extend the 
proportion of variance in the criterion which is covered by the 
battery as a whole. In the evaluation of a particular test, there- 
fore, knowledge as to this uniqueness is of crucial importance. 
This third fraction of variance, systematic variance unique to the 
particular test, is defined as the difference between the two frac- 
tions which we have previously discussed. In order to determine 
it adequately, knowledge of the reliability of the test is indis- 
pensable. Reliability is important, therefore, in providing one 
statistic which must be used to evaluate the uniqueness of each 
of the tests in a test battery, and consequently the possibility that 
the test in question may extend the range of human behavior 
covered by the battery. 

A third, and perhaps minor, significance of data on test re- 
liability is the role they play in the determination of the maximum 
correlation between a test or battery of tests and a criterion. This 
maximum is, of course, a function of the reliability of the test 
or battery on the one hand and the reliability of the criterion 
on the other. In practice, the reliability of the test or battery 
of tests is likely to be enough higher than the reliability of the 
criterion so that test reliability becomes a minor factor in deter- 
mining the possible correlation. 

FORMULATION OF THE CONCEPT OF RELIABILITY 

It is a mistake which has sometimes been made by students in 
the field of tests and measurements to conceive of reliability as a 
single, universally defined concept which has the same meaning 
at all times and places and to all individuals. The reliability of 
any measure is always defined by a sot of operations, and there 
have been various different sets of operations used to define re- 
liability which gives subs'antially different rbsults.  It must be 
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recognized that variance in performance upon a test arises from 
a great many different sources. A particular set of operations for 
defining reliability treats certain of these sources of variance 
as sources of error, and others as sources of true variation in 
performance upon the measure in question. The different opera- 
tional definitions of reliability disagree somewhat as to the sources 
of variation which they put into the one or the other category. 
It will be necessary therefore, to examine the sources of variation 
in human behavior as it shows itself upon a particular measure, 
and to determine which of these are logically to be considered 
sources of rrror variance and which sources of systematic varia- 
tion in behavior. 
Sources of Variance in Test Scores 

Source of variance in test scores can be broken up into a num- 
ber of different categories. Table 7.1 on the following page gives 
such an analysis of variance in test performance. This analysis 
is probably not complete with regard to all the minor categories, 
but it does indicate the major categories of variance and some of 
the specific elements which may occur within each. The question 
becomes one of deciding which of the types of variance are to 
be considered systematic variation among the individuals in 
performance upon the test in question and which are to be con- 
sidered sources of error. 

With regard to certain of. the categories of variance, there 
will be no disagreement either from the logical point of view or 
from the point of view of the different sets of operations which 
define reliability. These categories will be allocated in the same 
way by all the different operational definitions of reliability. 
For example, all of the variance under category I will certainly 
be treated as systematic variance. The pertinent characteristics 
of the individual with regard to general traits and abilities affect- 
ing this particular t?st arc certainly a source of systematic vari- 
ance in test performance. Though it may be desirable so to 
design our test that variance attributable to I-A and I-B is re- 
duced to a minimum, since ordinarily we are not interested in 
obtaining a measure of the individual's "test wiseness" or ability 
to read, these factors, as well as the general traits underlying 
test performance, do produce variance which is a systematic 
feature of the test. 

The variance under I I-A would also uniformly be considered 
systematic variance in test performance, although there might 
be some question as to how nar'^wly the test should bo defined 
and therefore as to how much of II-A 2 should be considered as 
general. 

There will be similar agreement that the variance described 
under categories IV-B and V represents error variance and is a 
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source of unreliability on the particular test in question. Any 
definition of reliability will include as error variance the pure 
"chance" variations in performance which show up in moment 
to moment fluctuations in cflkiency of performance and i* «ve 
sheer hazard of guessing answers to particular questions. 

The sources of variance listed under 1I-B, III, and I^-A are 
less clearly attributable to cither the category of systemitic vari- 
ance or the category of error variance. We shall see thit differ- 
ent operational definitions of reliability treat these soirees of 
variance in different ways and that there are logical con^ora- 
tions which make sometimes one and sometimes the other treat: 
ment more reasonable. 

TABLE 7.1.—Analysis of Possible Sources of Variance in 
Perfortnance on a Particular Test. 

I. Lasting and general characteristics of the individual. 
A. General skills and techniques of taking tests. 
B. General ability to comprehend instructions. 
C. Level of ability on one or more general traits, which 

operate in a number of tests. 

II. Lasting but specific characteristics of the individual. 
A. Specific to the test as a ivhole (and to parallel forms of it). 

1. Individual level of ability on traits required in this 
test but not in others. 

2. Knowledges and skills specific to particular form of 
test items. 

B. Specific to particular test items. 
1. The "chance" element determining whether the indi- 

vidual does or does not know a particular fact. 
(Sampling variance in a finite number of items.) 

III. Tcjuporary but general characteristics of the individual. 
(Factors affecting performance on many or all tests at a 
particular time) 
A. Health 
B. Fatigue 
C. Motivation 
D. Emotional strain 
E. General test-wiseness (partly lasting) 
P. External conditions of heat, light, ventilation, etc. 

IV. Temporary and specific characteristics of the individual. 
A. Specific to a test as a whole. 

1. Comprehension of the specific test task (insofar as 
this is distinct from I B) 
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2. Specific tricks or techniques of dealing with tho par- 
ticular   test  materials   (insofar as  distinct   from 
II A 2) 

3. Level of practice on the specific skills involved (es- 
pecially in psychomotor tests) 

4. Momentary "set" for a particular test 
B. Specific to particular test items. 

1. Fluctuations and idiosyncrasies of human memory. 
2. Unpredictable fluctuations in attention or accuracy, 

superimposed upon the general level of performance 
characteristic of the individual. 

V. Variance not otherwise accounted for (chance): 
"Luck" in the selection of answers by "guessing." 

The variance under II-B represents the variance due to the 
particular sample of items which we have chosen to represent 
the total area being measured by the test. Any test which is 
made up of discreet items of knowledge or skill chosen to repre- 
sent the large and almost unlimited set of possible tasks within 
an area introduces this problem of sampling. In general, the 
correspondence between knowledge of one item in a field and 
knowledge of a difTerent item will be less than perfect, so that 
tests made up of difTerent sets of items will correlate less than 
perfeclly because of the particular sample of items of which each 
is composed. The only operation for determining reliability which 
doos not recognize this sampling of items as a source of error is 
the determination of reliability by retesting with identically the 
same materials. This operation becomes acceptable, then, only 
insofar as one has no concern about variation in the sampling 
of items from the area to be studied. This is reasonably the 
case when the materials with which one is concerned are very 
homogeneous as, for example, in the case of a series of simple 
perceptual judgments. When the material is sufficiently varied 
so that a problem arises as to the representativeness of the par- 
ticular sample of items, operations for determining reliability 
should be such that the variance due to the sampling of items 
is permitted to be classified as error variance. 

Under III are listed various factors causing variation in indi- 
vidual performance from day to day or possibly even from hour 
to hour. These represent changes in the individual, whether 
from general conditions of health and emotional adjustment or 
from more specific learnings resulting from particular training 
which he may be undergoing, either in or out of the test situation. 
It must be rccog.uzcd that a particular test of an individual is a 
test of that individual as he is at a particular time. For some 
measures the variation in the individual from one time to another 
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may be an important source of variance in test performance. 
Insofar as these fluctuations are general, they will affect a 
variety of different performances in the same way. Any opera- 
tions for the determination of reliability which make use of some 
device for splitting up score on a particular test given at a par- 
ticular time ignore these sources of variance as a factor producing 
differences in individual scores. In fact, reliabilities based upon 
a single period of testing tend to allocate daily variations in the 
individual to the systematic variance rather than to error vr n- 
ance, and these fluctuations then serve to raise rather than lower 
the estimate of reliability. 

If our purpose is to determine how accurately a test adminis- 
tered to an individual at one time can predict his performance 
at some other time, operations based upon a test at a single 
time are likely to give a spuriously high estimate of this type of 
reliability. The only acceptable procedure for determining that 
reliability which is defined as the ability to predict the individual's 
performance at some future time is to retest the individual after 
a lapse of time. If, as indicated above, the sampling of items is 
also a significant source of error variance, this retest should 
presumably be with a parallel form of the original test. A parallel 
form should be defined for this purpose as one which conforms to 
the same specifications as the original test in terms of content, 
difficulty level, and standards of internal consistency of items, but 
which, within those specifications, selects a random sample of 
items. 

For some purposes we may not be interested in knowing how 
accurately we can predict an individual's performance at a future 
date. In particular, when our interest is to analyze the correla- 
tions among a group of tests, all given at the same time, the 
appropriate definition of the reliability of each test is in terms 
of the individual as he existed at the time, because the correlations 
among the tests are based upon the individual as he existed at a 
particular time. In this case variance from day to day is not 
involved in the intercorrelations and need therefore not be taken 
into account in the estimate of reliability. In this instance, re- 
liability may appropriately be defined in terms of some procedure 
for dividing the test into parts which are then correlated with 
each other. 

Some further issues are involved, particularly in connection 
with the types of variance which were listed under IV-A. There 
appear to be a number of relatively temporary factors influencing 
only performance on a single test. These are factors which we con- 
sider to be specific to that performance and to a limited period 
of time. They involve such things as "getting the hang of" in- 
structions, developing an efficient technique for taking a test and 
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the like. These are in considerable measure hypothetical rather 
than demonstrated factors. Their importance has not been shown 
empirically and is not as immediately apparent as that of most 
of the other factors which we have considered. 

It was believed that if factors of temporary set and of grasp 
of instructions were important they would show up particularly 
in highly speeded tests, in tests where the task was quite novel 
to the subjects, and in tests which involved rather complex situa- 
tions and instructions. One effort was made to study this matter 
by comparing reliabilities from two separately timed parts of a 
test (a) when the two parts followed one another immediately 
and (b) when several hours filled with the administration of 
other tests intervened.1 Four tests were selected which were 
believed to show to a rather high degree the characteristics de- 
scribed above. They were given to groups in counterbalanced 
order, each group receiving one test Withuut interval and one with. 
The reliabilities without interval svere .58, .40, .65 and .85; with 
interval they were .58, .41, .60 and .82. On the average, the relia- 
bilities after the interval were lower by about .02. Though these 
results are consistent with the existence of some variance in per- 
formance due to the types of temporary sets and procedures 
which we have suggested, they do not indicate that variance to 
be great in amount. 

When variance of type IV-A is significantly present, immediate 
retcsts with a particular type of test will yield inflated reliability 
cocfiicie.its because of temporary factors influencing only that 
test performance. This variance will always be unique to that 
lest a.id will give it the appearance of having some genuine spe- 
cific quality which, in truth, has no lasting or permanent signific- 
ance. 

Evaaialion of Operations for Rcliubilily Dclcrminalion 

There are a number of different sets of operations which have 
boon suggested or used at one time or another for computing an 
estimate of reliability. It will be appropriate at this time to 
consider each of these in relation to the sources of variance which 
we have just discussed, in order to see how the various types 
of variance are disposed of in the different sets of operations. 
The difTerent approaches to reliability determination may be 
classified as follows. 

a. Retest 
(1) With same test form 

(a) Immediately 
(b) After an interval 

1 Set Report 
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(2) With an equivalent test form 
(a) Immediately 
(b) Af.ter an interval 

b. Sub-divided Teat 
(1) Alternate items 
(2) Alternate groups of items 
(3) First and second half 
(4) Equivalent halves 

c. Analysis of Variance Techniques 
(1) Hoyt 
(2) Kuder-Richardson 

These will now be considered in turn in the light of the opera- 
lion which they employ and the logical consequences of these 
operations. 

Immediate Rctcst with Same Test Form 

Evaluation of reliability by immediate readministration of a 
specific test form and the correlation of the two resulting sets 
of scores will in effect exclude from the estimate of error variance 
and include in the estimate of systematic variance the types of 
variance listed .in I, II, III, and IV A in table 7.1. We may ques- 
tion the logic of including as systematic variance the variance 
in categories II B, III, and IV A. In some cases, the variance in 
category III may reasonably be accepted as systematic variance. 
This is the case when we are interested in evaluating correlations 
among a group of tests administered upon the same day. Since 
day-to-day variations in this case represent a systematic factor 
producing covariance among the tests, they may reasonably be 
considered a source of systematic variance when estimating the 
reliability of the separate tests. 

There are some types of tests for which the variance in cate- 
gories II B and IV A may be insignificant. The variance in 
category II B will disappear as the test items become very 
homogeneous, as, for example, in a series of psychophysical judg- 
ments or in a test with many items of simple arithmetical compu- 
tation. Variance associated with the particular sample of test 
items will also disappear in simple repetitive motor tasks involv- 
ing reaction speed, coordination, and the like. An aspect of vari- 
ance of type II B is memory of the specific test items and of 
the previous response to them. This is an objection to immediate 
retest for any test in which single items are sufficiently distinc- 
tive in character so that memory of them is a probable occurrence. 
Variance of type IV A will probably be unimportant for all 
familiar types of test materials and for any tasks which do not 
require maximum speed and attention. 
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It would scom, in summary, that an immediate retcst with 
the same test form is a satisfactory operation for estimating 
reliability only (a) when day to day fluctuations in performance 
are a consideration of no importance, i. e., when the reliability 
data are going to be used in conjunction with other data gathered 
at the same time and (b) when separate items are homogennous 
and not individually identifiable. 

Retcst After an Interval with Same Test Form 

This differs from the procedure just described in that variance 
under factor III and IV A is allocated to error rather than sys- 
tematic variance. At the same time the factor of memory of 
the responses to specific items is minimized. Therefore, when 
day-to-day variance is to be considered as error variance (i. e., 
when it is desired to estimate the consistency of performance 
from one time to another) and when the materials are suflicicntly 
homogeneous so that the selection of specific test items is not 
a significant source of variance, this procedure seems quite ap- 
propriate. Types of homogeneous test materials, as indicated 
above, include simple motor tasks of speed, coordination and the 
like, series of psychophysical judgments, and very simple and 
numerous mental tasks. Examples of the latter would be tests 
of cancellation, substitution, simple numerical operations and the 
like. Only empirical evidence can demonstrate which types of 
materials are so homogeneous that iwo repetitions of the same 
test will show no higher correlation than two equivalent test 
forms. In the absence of this evidence, it is always safer, and 
always at least as satisfactory on logical grounds, to use equivalent 
forms. The problem of length of interval between testing, which 
is discussed in a following section concerning equivalent forms, 
is also relevant here. 

Immediate Retcst with an Equivalent Form 
This procedure differs from immediate rctest with the same 

form in that variance due io category II B is now correctly al- 
located as error variance and, since the items are not the same 
in both tests, there is no problem of memory for specific items. 
The issues which arise concern variance in categories III and 
IV A. If those are significant sources of variance, it may be de- 
sirable to adopt a procedure which allocates the variance to error, 
rather than to systematic variance. We have already indicated 
that for use with intcrcorrelations based upon the same day of 
testing variance in category III may reasonably be thought of 
as systematic variance. If, as is suggested by the experimental 
comparison of correlations resulting from immediate and delayed 
retcsting referred to previously, factor IV A is not important 
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as a factor in most printed tests, tho operations involved in 
immediate rctcsting with an equivalent test form constitute an 
acceptable definition of test reliability. 

Delayed Rctcst with an Equivalent Form 

This set of operations differs from the sot just discussed only 
in the delay, which has the effect of allocating variance in cate- 
gories III and IV A to error variance. In this case, the only 
variance which is treated as systomatic variance is that in 
categories I and II A. This piovides a rigorous definition of 
reliability in terms of the accuracy with which the test will predict 
performance on other measures of the samo function at some 
other time. This definition seems appropriate whenever we are 
interested in an index of accuracy of the test ae a measure of a 
particular typo of function over a period of time. 

The problems which arise in connection with spocifyh.g more 
precisely the operations in this definition concern the time inter- 
val between tests and the definition of "equivalent" forms. Upon 
investigation, it may be found that the correlation between forma 
is a function of the time interval between tho two test adminis- 
trations, dropping somewhat as the interval increases. If this 
is the case, the interval between test administrations should be 
specified in any report of reliability data, and an interval should 
be selected which is in some meaningful way related to the prac- 
tical purposes for which the testing is to be used. T.'iat is, if the 
test is to be used to predict success in flying training six months 
after testing it would be appropriate to report rotcst reliability 
with an interval of six months between test and rötest. 

The definition of an "equivalent" form also presents certain 
problems. How specifically and exactly must one form of a tost 
duplicate another in order to be considered equivalent? This 
would seem to be a question of defining what it is the test is 
supposed to measure. Presumably, the function of a test is de- 
fined in terms of a set of specifications for tho construction of 
the test. In tho case of an educational achievement test, for ex- 
ample, the specifications might outline the content in terms of the 
number of items to ho allocated to certain broad areas, tho im- 
portant points within each area about which questions might be 
asked, the distribution of item difficulties, and the manner of 
selecting items with regard to internal consistency. Within the 
limits set by the specifications, the particular test form should 
bo a random selection of items of knowledge and skill. Two tests 
may bo considered equivalent forms if they both conform to the 
same set of specifications. Forms should not bo required to be 
parallel item by item and should correspond only in that they 
each represent a random selection of items within tho same limits 
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of content area, difficulty level, item format, etc., which are set 
up in the test specifications. 

Sub-divided Test 

Evaluation of reliability by sub-dividing the items on a test, 
after it has been administered as a unitary whole, is comparable 
to an immod.at-) rctcst with an equivalent form, except that the 
two scores arc not based upon separately-timed performances and 
that the items entering int the two scores may be in some de- 
gree interspersed. The criticisms whi^h apply to the immsdiate 
rctest apply here, together with certain additional ones which 
arise from the lack of separate timing and the mixing of items. 

A split-test reliability gives a completely meaningless index 
of reliability in any test which depends primarily upon speed. In 
this case, score on any group of items depends primarily upon 
their position within the test, i. e., upon whether the individual 
had an opportunity to attempt them. A reliability based upon odd 
vs. even numbered items is spuriously high because opportunity 
is systematically equated between the two part scores. A relia- 
bility based upon first vs. second half of the test is meaningless 
in that the individual only has opportunity to score on the second 
half of the test insofar as he finished the first. If score on a 
test is partly, but not entirely, a function of speed the spurious 
and distorting effects which have just been described continue 
to operate, but to a lesser degree. 

A second possible spurious source of reliability lies in moment- 
to-momen'c fluctuation in performance. If quality of performance 
fluctuates during the taking of a test, this will mean that error 
of measurement will tend to be correlated for successive items. 
The procedure of systematically assigning alternate items to the 
two halves of the test will tend to equate the effect of these fluc- 
tuations on the two half scores, so that they will operate to 
inflate rather than reduce reliability coefficients. 

The computation of reliability on the basis of odd vs. even 
numbered items introduces the possibility of one other type of 
spurious effect tending to inflate reliability coefficients. If suc- 
cessive items in a test tend to be more alike than a pair of items 
taken at random from the tost (or from that particular section 
of the test) the reliability coefTicient will be inflated. This will 
happen because of the systematic assigning of alternate items to 
the two half scores. The type of error which has been described 
may arise in tests in which several items are based upon the 
same material, as in reading comprehension tests whore several 
items arc based on the same passage or interpretation of data 
tests where several questions refer to the same map or table. 
In any case such as this, items Suould probably be subdivided 
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by larger units, so that the part scores are based upon odd vs. 
even numbered passages in a reading test, or the like. 

The question of how to split the items in a test into two part 
scoros is analogous to that of how to build up two equivalent 
fornui of the test. Presumably each half test should conform to 
and be representative of the specifications in terms of which 
the total test was made up. That is, there should be equal rep- 
resentation of the major types of items which were specified in 
planning the total test. Within that outline, items or groups of 
items should be assigned at random. 

Analysis of Variance Technique« 
All the procedures which have been described so far require 

that two separate scores bo obtained, and that the correlation 
between these scores be determined. They have differed in the 
manner of defining the two scores. Where the length of the testa 
which are correlated is different from that of the total test which 
is finally to be used the standard Spearman-Brown correction 
formula is used. This formula is 

nrj 
TAA' 

where 
and 

1 + (n — 1) r„' 
rM' = reliability of test of length a 
rAA' = reliability of test of length A = .a 

The procedures which are now to be considered approach relia- 
bility directly through the analysis of the variance in test scores. 
These procedures apply to the analysis of a single test and were 
developed as a replacement for those procedures which require 
the subdivision of the test into two separately scored parts. The 
analysis of variance approach provides a unique value for the 
test reliability which is not dependent upon the particular 
sampling of items which is included in each test score. It thus 
avoids a certain ambiguity of definition which arises whenever 
one particular way of subdividing a tost into two subtests must 
be selected from among all the possible ways. 

Analysis of variance procedures arc based upon a comparison 
of error variance within a test score and total variance of a 
group of subjects taking the test. Estimates of error variance 
can bo obtained from the inter-item correlations, item-test cor- 
relations, or from simpler statistical values which arc equivalent 
to these under certain limiting assumptions,' or from a sub- 
traction of examinee variance and item variance from the total 

•Kuder, O.  K. and It..'•■ I nn. M   W.   Th« theory of e.tlmntlon of Ufl reliability.   Payct» 
rartrik». X, IttT. PP. I'.iUO. 
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variance.1 No cfTort will be mnde at this point to present cither 
the detailed procedures or the derivation for the above approach. 
The reader is referred to the cited references for that material. 
It will be appropriate, however, to consider the assumptions 
which are made in this method and the way in which the different 
fractions of variance which were outlined in table 7.1 are allocated. 

The analysis of variance approaches make one assumption 
which is implicit also in the split-test procedures. This is that 
each individual has an opportunity to attempt each item, i. e., 
that speed is not a factor. It is only ./hen the item has been 
attempted by all subjects that item difllculty, item intcrcorrcla- 
tio.is, and the like take on moaning. These procedures were con- 
ceived in connection with the purely "power" type of test and 
it is only in this case that they are applicable. 

The further assumption is made that the non-error variance 
in each item covers the same factors in human behavior as that 
in every other item, i. e., that the test is completely homogeneous 
so that any subdivision of items into two parts is as reasonable 
as any other. In mathematical terms, this means that the rank 
of the matrix of item intercorrelations is unity. This procedure 
would not be applicable, therefore, to composite tests made up of 
more than one type of content. 

In certain of the simplified procedures which have been set 
up for facilitating computation, additional assumptions are made. 
One of these has been equality of item difTiculty. Those additional 
assumptions are recognized as producing an underestimation 
of the reliability obtained from the more laborious computations, 
but some evidence has been oflfcred to show that the difference is 
not large. 

Referring to Chart I, analysis of variance procedures will allo- 
cate to systematic variance that variance in categories I, II A, 
III and IV A. The same questions with regard to categories III 
and IV A may be raise 1 here as wore raised in connection with 
the immediate retost with an equivalent form. These are, of 
course, in addition to the points which have been made in the 
immediately preceding paragraphs. 

SPECIFIC  PROBI.mS IN RELIADILITY  DETERMINATION 

So far the discussion has been a general one presenting logical 
considerations involved in estimates of reliability. It will now 
be appropriate to turn our attention to a number of specific 
problem situations which arose in the work of aviation psycholo- 
gists and for which some set of operations for estimating relia- 
bility had to be established. 

1 lloyt. C   T«t reliability «•timated by analytli of v«rl«nc».   PiycSomctrika. t. 1941, pp, 
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Rcliahility of Speeded Tests 
A very large number of tests involve to some degree the factor 

of speed. At one extreme are tests upon which every individual 
could perform perfectly if given sufficient time, so that the only 
source of difTercntiation between individuals is in the speed of 
their performance. From this extreme, tests range to the other 
at which the conditions of testing allow ample time and any 
variation among individuals is purely in terms of their level of 
performance upon the task in question. Many tests fall some- 
where in between the two. Insofar as the element of speed is 
important for a test, it is impossible to obtain an adequate esti- 
mate of reliability from a single test administration with a single 
time limit. The odd-even procedure for determining reliability 
gives an inflated estimate because there will necessarily be, for 
any individual, approximately the same number of not-attempted 
items among both the odd and the even items. The first half vs. 
second half procedure underestimates reliability because all of 
the variation in number of items attempted tends to appear in 
the second half of the test. The various Kuder-Richardson formu- 
las are not appropriate because they provide no basis for taking 
account of items which were not attempted. The only legitimate 
procedure is to administer the test in two separately timed parts. 
Whenever a research test is constructed in which it is suspected 
that the clement of sr.eed may be important, it should be con- 
structed in two equivalent parts which may be separately timed, 
so that an adequate estimate of reliability may be obtained. 
Reliability of Psyehoniotor Test Involving Progressive Lenrning 

In the case of most psychomotor tests, the problem of estimating 
reliability is complicated by the fact that individuals show a 
steady improvement in performance on the test from beginning 
to end. If the improvement were uniform for all individuals, no 
particular problem would be involved because the various learn- 
ing curves would be approximately parallel. An individual's 
standing relative to his group at one point in the practice curve 
would be approximately equivalent to his standing at other 
points. Insofar, however, as individuals show widely difTerent 
rates of improvement, a problem is introduced. The problem is 
one of defining what we mean by reliability in connection with a 
learning task. Do we mean the accuracy with which a person's 
position has been determined at a particular point in his learning 
curve, or do we mean the accuracy with which a score at one point 
in the curve characterizes his relative performance at some future 
time? If the latter, how large a span of the remaining curve do 
we undertake to include in our prediction? Five minutes, five 
hours, or five months? 
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In practice, wo ire usually interested cither in obtaininsr a 
prediction of porfornance after a considerable period of time 
without intervening practice on the test or in evaluating a test 
score obtained on a pirticular date from the point of view of its 
relationships to other tests. For the former purpose, presumably 
our best estimate of reliability is an actual tcst-retest reliability 
wi-th a substantial time interval between the two testings. For 
the letter, WP »aust choose between various possible methods of 
subdividing the initial test period. The choice is usually between 
breaking the test perici up into a number of small fractions and 
computing the correlation between the odd and even numbered 
fractions or dividing the test up into two halves and computing 
the correlation between the first and second he ^ The chief ob- 
jection to odd-even reliability in this case is that the assumption 
of independence of errors of measurement in successive frac- 
tions may not be justified. Successive fractions or trials are 
likely to be subject to the same chance infiuences, so that chance 
fluctuations aflfect both the odd and even scores ia the same 
way and serve to increase spuriously rather than decrease the 
obtained estimate of reliability. The objection which may be 
raised to the first half vs. second half estimate of reliability is that 
learning factors may have influenced the second half score difTcr- 
cntially for dilTercnt individuals so that the consistency of indi- 
vidual performance is somewhat concealed by dilTerences in in- 
dividual rate of learning. However, if the total is taken as the 
unit, score on the test is in part a function of dilTerences in rate 
of learning and it would seem that these are legitimately a source 
of unreliability in our estimate of individual performance. It is 
believed therefore that the more legitimate estimate of reliability 
for a psychomotor test is that in which score on the first half of 
the testing period is correlated with score on the second half. 
This point of view difTers from that which was effective during 
the war, so that most estimates of psychomotor test reliability are 
based on odd vs. even trials. It may be anticipated that these will 
be biased in the direction of being too high. 

IMiabillly of Tests wllll on Element of Discovery 
In standard test statistics it is assumed that a test is made 

up of relatively homogeneous elements and that these continue 
to present the same task to the individual as he takes the test 
Willi familiar and more or less standard types of test items this 
is probably essentially true. When the task which is presented the 
subject is relatively novel, however, we must expect him to show 
a certain amount of learning with regard to techniques for solv- 
ing the problems which the test presents. Changes in technique 
may appear as gradual increments of skill; they may appear as 
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relatively sudden "insights" or "hypotheses." The individual may 
discover new clues or a new focus of attention, or he may more 
or loss suddenly "got the idea" of what the test is about. 

When the clement of discovery and sudden change in the 
level of performance on a test become important, the usual 
techniques of reliability determination become to a large extent 
meaningless. An individual's score depends upon the point in 
the testing procedure at which he "caught on." A reliability 
based on odd vs. even items or trials may be spuriously high, 
just as in the case of a speed test, because the gains accruing 
from this "catching on" are evenly split between the two halves. 
A firs* vs. second part reliability will be lowered ii insights came 
at different times during testing for different individuals. If 
insight was an all-or-none matter at the time instructions for the 
task were presented, the reliability may even in this case be a 
function of the presence or absence of insight rather than of 
skill which would bo shown on the task after the basic idea of 
the tost had been comprehended. 

It seems possible that both some of the apparatus and some 
of the printed tests involved this insight typo of factor. In ono 
psychomotor test, improvement from very poor performance to 
almost perfect performance took place quite suddenly for par- 
ticular individuals, and the individual's score appeared to be 
determined more by the point at which this improvement took 
place than by a general level of performance. In some of the 
experimental paper and pencil tests it seems probable that the 
most critical part of the test was the instruction period, and that 
the performance of the individual reflected at least in part the de- 
gree to which he "got the idea" from the instructions rather than 
the particular proliciency which he had in tho skills required for 
actually performing the test. It is difikult to present any objec- 
tive or convincing evidence of the operation of the type of factor 
which we have been discussing. Its occurrence as a possibility can 
best bo evaluated by examining the instructions for certain of the 
more involved types of tests. 

No rcnlly satisfactory technique is known for measuring tho 
reliability of a tost where score depends primarily upon presence 
or absence of insight into the tost task. The various types of 
split-test reliability tend to be unsatisfactory for the reasons 
which have been discussed. Obviously, a retest is not a satisfactory 
solution, because once insight has been obtained it is no longer 
possible to present the individual with the same task which he 
faced when he first approached the test. In some cases it may 
bo possible to produce an equivalent task calling for a new but 
comparable insight. In general, however, there will be no guaran- 
tee as to the comparability of the new task and tho old.  A low 
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relationship between the two may not mean unreliability of per- 
formance, but rather inadequacy on the part of the tost construc- 
tor in producing an equivalent task. The problem is one for 
which no completely satisfactory solution appears to be available. 

Rcliahilily When Rcsull of Performance la Known 
In the typical paper and pencil aptitude or achievement test 

the individual responds to a large number of successive test items 
and then turns in his paper or answer sheet. If reliability is to 
be estimated from a rctest, the retcst is ordinarily administered 
before the individual has a:y opportunity to observe or profit 
from his performance on the first test. The individual is provided 
with a minimum of information as to the adequacy of his reac- 
tions, so that he has little or no opportunity to improve his later 
performance by a study of his earlier errors. A number of situa- 
tions were encountered in the Aviation Psychology Program in 
which this was not the case. Particularly in performance meas- 
ures of proficiency in aircrew duties, it was often possible for 
the individual to observe his errors in the initial attempt at the 
task and to modify his subsequent behavior in the light of the 
observed error. For example, if performance in landing a plane 
was being used as an indication of pilot proficiency and the indi- 
vidual was making repeated attempts to land the plane, his 
errors on the initial attempt to land were likely to be painfully 
obvious to him.. If his initial landing was high, so that he stalled 
out and came in with a terrific bounce, he could not help but 
know the nature of his error and he would naturally tend to try 
to avoid that same error in his next landing attempt Or again, 
where the log of a standardized navigation mission was being used 
both as a measure of navigational proficiency and as a part of 
the training program for improving the skill of student naviga- 
tors, the errors which the student made upon a particular flight 
normally served as the basis for criticism and remedial instruc- 
tion, so that there was a systematic program for teaching the 
student to avoid repeating these same errors. 

Insofar as either spontaneous individual observation or planned 
instruction brings the subject's attention to his specific errors 
between one testing and the next, a systematic factor is introduced 
tending to reduce consistency of performance. In an extreme 
case we might say that the individual who commits an error upon 
one occasion can almost be counted upon not to commit that error 
(he next time. It is entirely possible that in carefully avoiding 
his previous error he may commit some other and that his over- 
all performance viewed as a total may still be consistently cither 
good or bad, but even this is not necessarily the case. In the 
extreme then, the effect that we have just discussed would pro- 
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ducc negative correlations between successive measures and in 
a less extreme case reliability would be systcmaticaPy reduced. 

In the case of spontaneous observation of error by the indi- 
vidual, the effect of this observation could probably be reduced 
by increasing the interval between successive tests. That is, the 
individual would be expected to remember more accurately an 
error which he had committed on an immediately preceding land- 
ing attempt and to correct it upon another attempt five minutes 
later than he would from one day to the next. In cases where 
spontaneous observation of behavior is important, therefore, it is 
probably desirable to lit an appreciable interval elapse between 
successive testings which are being used to determine reliability. 
In those cases in which systematic instruction is being given, 
however, lapse of time does not seem to provide a solution. This 
is the case because that time will be fdled with instruction cen- 
tered around the previous errors, and the changes produced in 
the individual by this instruction may be expected to be more 
fundamental and lasting than those resulting from his own inci- 
dental observation. It may be necessary to sacrifice some instruc- 
tional values for research purposes if a really adequate estimate 
of reliability is to be obtained. 

Independence as a Factor in Reliability of Ratinga ond 
Subjective Evaluation« 

As tends to be true in all cases in which ratings arc used as a 
measure of individual proficiency, independence of the ratings 
presented a critical problem in the Aviation Psychology Program 
as far as reliability determination was concerned. Really adequate 
estimates of the reliability of rating procedures were difikult to 
obtain. Lack of independence in the rating by different raters 
arose from two somewhat different sources. On the one hand 
there was a problem of actual collaboration among raters. In 
the practical administrative task of preparing evaluations of 
personnel, collaboration is not necessarily bad, since it is at least 
possible that a joint evaluation prepared cooperatively by two 
or three men working together is as accurate as the average of 
the two or three separate sets of ratings. When it comes to 
evaluation of the reliability of ratings, however, any collaboration 
of this type is fatal to obtaining a true estimate. 

Where ratings were not closely supervised and were something 
of a burden to administrative personnel, it is entirely possible that 
ofTicers prepared them in a somewhat perfunctory manner and 
talked them over with each other as they did their work even 
if instructed not to. A difficult and more serious problem is one 
not of direct collaboration but rather of indirect contamination 
'   -ough what we may speak of as the man's local reputation. 
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Whore a student is taught by dificrent instructors or flown by 
difTerent check-pilots, it is probably typical that these men in- 
formally talk over the student with one another and that a some- 
what generalized picture of the man develops at that partirular 
station. This reputation may carry a good deal of weight, so that 
later evaluations of the man are only in part a function of his 
actual performance and are in considc ible part a function of his 
general reputation as that is known to the rater. 

A good deal of evidence suggests the importance of the second 
factor which we have just discussed. For example one analysis 
indicated that the reliability of the composite of check-ride grades 
given in primary flying training was approximately .80. The 
correlation between grades in primary and grades in basic flying 
training has been shown to be only in the .?.0'a. A similar rela- 
tionship was found to exist when correlations of dificrent ratings 
in a single phase of fighter-pilot operational training were com- 
pared with correlations between ratings in the two phases. 

Special administrative precautions can eliminate direct col- 
laboration between raters evalurMng individual performance in a 
given school. The more subtle effect of general reputation, how- 
ever, cannot be taken care of in this way. There is probably little 
or nothing which can be done about this within a given school. 
It presents a general, recurring problem in the evaluation of 
ratings as a measure of proficiency and suggests that probably 
the reliability of ratings must be evaluated in terms of consistency 
between successive levels of training. 

Wiilun Versus Between Missions Rcliability 
t 

In a number of types of aircrew criterion data it was possible 
to obtain split-test reliabilities either by splitting the separate 
performance within each mission into two parts or by splitting 
the successive missions into odd vs. even missions. Data have 
been reported for each of these two procedures and in general 
the procedures yielded strikingly different results. 

In any given test performance we recognize score as resulting 
in part from variance in the basic ability of the individual and 
in part from variance of dificrent types extraneous to the basic 
ability of the individual in question. Many of the sources of 
extraneous variance are more or less uniform within a given 
flight mission. These are such factors as pilot, plane, instruments 
(bomb sight, astrocompass, etc.), weather, and temporary condi- 
tion of the subject. In the case of the procedure which splits 
the alternate gunnery attacks, bomb drops, or other units of be- 
havior within a given mission and allocates them in part to each 
of the two half scores, all of this variance due to external condi- 
tions is equated between the two part scores and made to work 
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in the direction of producing an appearance of reliability. The 
reliability which results in this way is of course spurious. Ii 
factors of tue type we have just montioned arc important sources 
of variance in test score, tue spurious efTcct may be quite sub- 
stantial. We must conclude, therefore, that the procedure of 
subdividing performance on a single mission is indefensible and 
that the results from such a procedure are essentially meaningless. 

When reliability is determined by correlating odd vs. even 
missions, the variance of the type which we have just described 
is ordinarily randomized and tends to reduce rather than inflate 
the obtained reliability. This is, of coui^o, appropriate since 
variance of the type which we have discussed is error rather than 
systematic variance. The procedure of determining reliability by 
correlating performance on one mission with performance on 
another is ordinarily satisfactory. One situation must, however, 
be recognized in which this last procedure gives a systematic 
underestimate of th - actual reliability which exists. In those 
cases in which factors such as pilot, plane, and the like are sys- 
tematically shifted from one mission to the next, rather than 
allowed to vary at random, a tendency has been introduced to 
produce negative correlation between successive missions. That 
is, the individual who had the best pilot on one mission will 
necessarily have a poorer one on the next and vice versa. In 
certain experimental designs systematic rotation of background 
factors was resorted to in order more nearly to equate the condi- 
tions for each student during the total experimental period. In 
some of these cases reliability estimates comparing one mission 
with another are systematically too low. 
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1   I 
CHAPTER EICHT. 

Certain Problems 
In Correlational Analysis 

SIGMFICANCE OF INTERCORRELATION IN PRKDICTION 
PROBLEMS 

Research ofTicors in the Aviation Psychology Program entered 
upon their work with a lively awareness of the practical impor- 
tance of test intercorrelations, and this awareness was confirmed 
and strengthened by results obtained within the research program. 
Test intercorrelations were not only a matter of continu us prac- 
Mcal concern, but also the basis for a good deal of theoretical dis- 
cussion. In this chapter a few of the practical and theoretical con- 
siderations are elaborated. 

The practical importance of test intcrcorrolation can be illus- 
trated quite simply and dramatically. Let us assume that wc 
have several tests, each of which has a correlation of .30 with 
a criterion. Lot us next assume that all the intercorrelations 
of these tests are first .00, then .10, then .30, and finally .60. 
The values of the multiple correlation which can be obtained from 
various numbers of tests which meet these specifications are 
shown in table 8.1. Examination of this table makes it abundantly 
clear that the test intcrcorrclatioi s are a factor of prime impor- 

TADLE 2>.\.-—Effect of Inicrcorrclation on Multiple Correlation. 
Multiple correlation resulting from different numler of tests, when validity 
of each test is .30 and inteiconclations arc uniform and at several different 
level«. 

No. of u,f 

i. 
2 
4 
9. 

.'0 

Si:» of iHlfrtomlaltotu 
.oo .10 .SO 
.90 
.42 
.to 
.00 

.10 

.40 
M 
.«7 
.19 

.SO 

.37 
.1« 
.41 
■ti 

 .«0 
.10 
.u 
.90 
.97  .u 

•It  It m.-ilhcmntlcnlly   Impm ib'e  for   ii it it »II  lo corrt-lnl«  .30  with  »omc   niiKtur«.  and 
•till have tiru inicrcorrclation«. 

tnnco in determining how good a prediction can be obtained from 
a battery of tests. In general, the contribution which any single 
test can make to the efTcctiveness of a battery for predicting 
some criterion is a function on the one hand of the correlation of 
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the test with the criterion and on the other of the correlations of 
the test with other tests. Those tests will have high positive 
weights in the regression equation which have high validities and 
low intcrcorrclations. Tests with low validities and high inter- 
correlations may sometimes be valuable as suppression tests, 
that is, as negatively weighted tests. A suppression test is one 
which overlaps the non-valid variance of some valid test, so that 
when the suppression test is negatively weighted it serves to par- 
tial out the non-valid variance, and thus purify the measure of 
the valid factor. However, almost no clearcut examples of useful 
suppression tests were found in the Aviation Psychology Program. 

When the problem under consideration is that of weighting an 
existing battery of tests so as to predict a single job criterion, 
standard procedures for computing multiple regression weights 
(as discussed in Chapter 6) will take appropriate account of test 
intercorrelations, and no special further thought need to be given i 
to the problem.  When, however, the problem is one of planning ] 
a program of test development research, one of selecting a bat- 
tery of tests to provide differential prediction among a number 
of job specialties, or one of streamlining a test battery so as to 
obtain maximum predictive efficiency for one or several job 
specialties within a limited amount of testing time, the problems 
of Intcrcorrelation are moi'e comnlox, and less susceptible to 
direct analytical solution. These problems will be discussed fur- 
ther in the following sections. 

MAJOR TYPES OF TESTING PROJECTS 

Obviously, the usefulness of any test in a testing program is 
a function of its validity for the criterion or criteria which ihe j 
research worker is trying to predict. However, there is room 
for a good deal of variation in the emphasis which is given to 
the simple factor of validity. On the one hand, it is possible 
for a test constructor to make this the one central consideration 
in his test development activities. On the other, considerations 
of validity in single tests may be to a substantial degree subor- 
dinated to considerations of correlation with other tests. The 
desirable balance between these two emphases will depend upon 
the use to which the tost is to be put. 

The uses of tests for the evaluation of personnel with view to 
job assignment fall into three general patterns. Tests may be 
used 

a. As a screening device to qualify personnel for assignment 
to a single job or typo of training. (Selection) 

b. As a multiple screening device to qualify personnel for 
assignment to some one or more of a number of jobs or 
types of training.  (Multiple selection) 
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c. As a device to determine to which one of a number of avail- 
able jobs or types of training a person should be assigned. 
(Classification) 

The second and third categories above arc not exclusive, and 
a test battery may be used .simultaneously both to qualify and 
to classify. During most of the war this was tho situation which 
prevailed in the Aviation Psychology Program. With emphasis 
shifting from one to the other function as time went on, testa 
were used both t) disqualify those who failed to meet the mini- 
mum standards for any of the types of aircrew training and to 
determine the type of training which should be recommended 
for each individual who qualified for more than one. 

The evaluation of test development procedures must be made 
in terms of the purpose for which the testa are being developed. 
Ti\t amount of emphasis on obtaining maximum validity aa op- 
posed to obtaining minimum intcrcorrelationa, and on the de- 
velopment of complex job analogy tests as opposed to simple testa 
of human functions depends in some measure upon the one of 
the three categories presented above with which we happen to 
be concerned. We shall now examine the qualities desired of a 
test battery in the light of each one of tlv three types of use and 
see what implications this has for fest development 

THE USE OF A TEST BATTERY FOR SELECTION 
When a battery of tests is being developed to qualify personnc! 

for assignment to a single job, the one quality which is desired 
(in addition to purely practical ones such as economy, convenience, 
etc., which are somewhat outside the scope of the present theo- 
retical discussion) is validity of the battery in terms of an ade- 
quate criterion of performance on that job. The only thing that 
matters is the correlation of the final composite score derived 
from the battery with the criterion. Test development activities 
are focused on making this correlation a maximum. 

With this in view, development of tests which resemble the cri- 
terion task both in content and complexity is a natural approach. 
One can readily see the rationale for having the content of the 
testing situation resemble as nearly as possible the actual duties 
on the job. One reasons, probably soundly, that the more nearly 
the test approaches the job or some phase of the job, the more 
predictive test performance will be of job performance. Thus, for 
pilots one constructs motor coordination testa which use an air- 
plane-type stick and rudder, for navigators one constructs a table- 
reading test using data on drift, airspeed, and the like. One plans 
the test so that it may measure a certain type of general function, 
but so that it also measures it with the specific materials and in 
the specific type of situation which is likely to occur in the job 
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in question. In this way, one hopes that factors ol specific content 
as well as factors of general function may give the test validity 
for the job being studied. 

A related but somewhat different aspect of construction of 
tests for a single job is the tendency to make the tests complex. 
A job will ordinarily be complex, requiring the individual to do 
a number of different things, often at the same time. In the 
effort to reproduce these conditions as nearly as possible, the test 
is likely also to become complex. In the Aviation Psychology Pro- 
gram this was seen in the large number of complex coordination 
and pursuit tests which were adopted or developed for pilot selec- 
tion, requiring the individual to use simultaneously a number of 
controls and to respond to a number of signals and cues. 

The defense which is made for complex tests based on the ma- 
terials of the job is that individually they tend to have high va- 
lidity for the job for which they were particularly tailored. 
This seems often to be true. It is further urged that the use of 
material related to the specific task on the one hand and the in- 
troduction of complexity of function on the other introduces 
validity which could not be covered by any number of simpler and 
more general tests of mental functions. This may also be true, 
though it is harder to demonstrate conclusively. It is certainly 
true that there were among the tests developed for aircrew selec- 
tion a number of complex tests which had validity beyond that 
which could have been achieved by combinations of the simpler 
tests which were available at that time. This does not, of course, 
exclude the possibility that a number of simple tests could ulti- 
mately be found which would collectively account for all of the 
validity of such a complex test as the Complex Coordination Test, 
or the like. However, it seems safe to say that within the scope 
of test development of the Aviation Psychology Program, the 
available simple tests would not collectively have given as valid 
a prediction of single job criteria in pilot and probably navigator 
training as was obtained from the battery using complex tests. 

In the case of a pure selection battery, the only criticism that 
can be leveled at the complex type of test, developed with an 
eye only to validity and without regard to intercorrelations, is 
that each job-analogy type of test will tend to have relatively 
high correlations with other tests built on the same basis, and 
that consequently relatively little gain can be obtained by adding 
to an existing battery other tests of this same type. However, no 
ready basis appears available for answering the crucial question 
of whether the final multiple correlation resulting, from a well- 
planned battery of complex tests will be higher or lower than 
that resulting from an extensive battery of simpler tests. One 
effort was made in the Aviation Psychology Program to compare 
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the results from experimental batteries of these two types as 
applied to a new job specialty, but limitations in the adequacy 
of the test batteries and meagerness of the data prevented the 
study from being at all conclusive. 

THE USE OF A TEST BATTERY FOR MULTIPLE SELECTION 
When tests are being used for purposes of multiple screening, 

the theoretical situation is not essentially different from the above. 
In a sense one has two, three or more testing batteries all given 
at the same time, each of which is used to predict success in a 
particular job category. Each battery could, in theory, be. de- 
veloped in complete independence of the others and carried to 
the point of giving the best possible prediction of a single job 
criterion. In practice, however, the need for efficient use of lim- 
ited testing time precludes the development of such parallel inde- 
pendent batteries. They might be possible if the number of job 
specialties were only two or three, but they would become hope- 
lessly inefficient, unwieldy and time-consuming with a larger num- 
ber of jobs. In that case it becomes necessary that each test be 
used in the pre Jiction of success in several jobs. 

As it becomrs necessary to use a single test in the prediction of 
success on not one but several jobs, it obviously becomes less de- 
fensible to design the test in terms of the duties of a particular 
job. Of course, the test may still be conceived as functioning 
primarily for a single job, being used incidentally in the prediction 
of success in other job specialties insofar as it is found empirically 
to predict those job specialties. .        » 

Thus, in the battery of aircrew tests certain tests were conceived 
of primarily as pilot tests, others as navigator tests, and still 
others as bombardier tests. However, each test was weighted for 
any aircrew specialty for which analysis indicated that it should 
receive weight. Furthermore, in expanding the use of the battery 
to additional specialties, the tests developed for pilot, navigator, 
and bombardier provided the basic battery for the new specialty. 
Thus, the tests which had been developed for selection of bombar- 
diers, navigators, or pilots were reweighted when it became neces- 
sary to select flight engineers. This was, however, considered 
something of an expedient pending the development and validation 
of tests more specifically directed at predicting flight engineer 
criteria. 

If tests are to be designed less in terms of the activities of a 
particular job, they must be designed more in terms of general 
categories of human behavior. The approach to test development 
in terms of aspects of human behavior starts off with the search 
for and definition of behavior categories. Categories may bo 
drawn to a large extent ready-made from the language of the in- 
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troductory psychology textbook or of everyday speech. In this 
way one may set out to build tests of "judgment," "attention," 
"observation," "memory," and the like. However, the verbal labels 
provide only starting points for test construction, and as the neces- 
sary set of operations Is undertaken to translate, the categories 
into usable tests, certain difficulties are likely to arise. In par» 
ticular, one is likely to find that tests which purport to measure 
the same category of behavior, and which should be functionally 
nearly the same, have only a moderate relationship, and that tests 
which purport to measure different categories, and which might 
therefore be expected to be independent, are in fact related to a 
fairly substantial degree. In other words, test scores often do not 
organize themselves into sharply defined clusters corresponding 
to a priori categories. 

This had led to the effort to refine categories in terms of the 
empirical results of test intercorrelations. The effort at develop- 
ing refined and more useful categories depends in every case 
upon obtaining the matrix of test intercorrelations. There is 
great diversity, however, in what is done with the correlations 
by different workers after they have been obtained. On the one 
hand, the correlations may serve primarily as material for sophis- 
ticated inspection, in terms of which the tests are re-evaluated 
and hypotheses are formulated as to new test operations which are 
expected to provide more nearly unique and uncorrelated tests. 
These tests will then serve to define separate and distinct dimen- 
sions of human behavior. On the other hand, the same goal is 
sought through the complex series of operations involved in fac- 
tor analysis. Factor analysis undertakes to resolve the test cor- 
relations into a number of independent components, and through 
rotations of these components to identify each with both some 
nameable aspect of behavior and some test or tests. 

The goal of the refinement of categories is to get a set of cate- 
gories which are mutually independent and collectively inclusive. 
Insofar as this goal can be achieved, the resulting set of cate- 
gories, and the set of measures to represent them, will have both 
logical and practical advantages. On the other hand, it will be 
simpler to think and talk about a set of categories all of which 
are separate and distinct, rather than in varying degrees inter- 
related. From the practical point of view, independence of the 
several tests will contribute to the efficiency of the battery to be 
used for multiple selection. Each test will measure a new aspect 
of human behavior, with a minimum of duplication of what has 
been covered in other tests. A maximum scope of human behavior 
will be evaluated within a given period of testing time. Insofar as 
predictions must be made for a number of jobs involving a variety 
of types of duties, and insofar as it is consequently necessary to 
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evaluate many difTcrent aspects of behavior, this non-overlapping 
in different tests may be a matter of great practical importance. 
It becomes a matter of theoretical importance in connection with 
the problem of classification which we shall consider next 

THE USE OF A TEST BATTERY FOR CLASSIFICATION 
In the case of multiple selection, which we have just been con- 

sidering, the goal remains the relatively simple one of attaining 
maximum accuracy in the prediction of each of the job specialties 
taken singly. Since it is not possible to design a separate battery 
for each job specialty, compromise with the ideal must be made, 
and some loss in accuracy of prediction of single job categories 
is tolerated in order that the prediction of others may be im- 
proved. The practical goal is that the average prediction of all 
the job specialties, with appropriate weight given to the impor- 
tance of each job, be a maximum within the limits of time and 
facilities which are available for testing. 

As soon as the task becomes one of classification, an entirely 
new element is introduced into the goal of testing. In a strictly 
classification program, it is assumed that each man must be used 
in some one of the available specialties, and that the purpose of 
testing is to determine his relative fitness for each of the difTcr- 
ent duties. At this point, wo are no longer interested primarily 
in level of aptitude for single jobs, since we must use even the 
poorest men somewhere. We are now interested in differences in 
level between difterent jobs. It is no longer sufficient to predict 
success in job A accurately and to predict success in job B 
accurately; we must predict difference in success between jobs 
A and B accurately. This means that we must be interested not 
only in the validity of our test or composite score for job A and 
the validity for job B, but in the degree to which the predictions 
are differential. This can be clarified by reference to the familiar 
formula for the correlation of sums and differences. 

If we let 
A = score predicting success in job A 
a = actual success in job A 
B = score predicting success in job B 
ß = actual success in job B 

then (A — B) will be the predicted difference in success on the 
two jobs and (o — B) will be the actual difference in success. The 
validity of the differential prediction will be the correlation be- 
tween these two differences and will be given by the formula 

(A-B)  (^0) 'm 
^'I-'AB y l-r 

ß 
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From this formula it can be seen that the critical factor in difTcr- 
ential prediction is that the difference in the validity for a par- 
ticular job specialty of the score wted to predict that job specialty 
and the various scores used to predict other job specialties be a 
maximum. The actual level of the complete set of validity coeffi- 
cients is not important It is the amount of difference among 
them that matters. It is of interest further that for a given set 
of validity coefficients, high correlation among the prediction 
scores makes for more rather than less validity of differential 
prediction. Obviously, low correlations between prediction scores 
will tend to go with great differentiation among validities. How- 
ever, it is of interest to note that there is no virtue in trying to 
reduce the intercorrelations of prediction scores artificially. In 
particular, for valid classification purposes it is desirable that 
the errors of measurement for the different predictions be as 
highly correlated as possible. Error of measurements is thereby 
held constant for the different job categories, and cannot operate 
to produce invalid discrimination between them. 

Returning to procedures for test construction, it has been 
shown that for a classification program the measure of the suc- 
cess of a test battery lies in the differential validity of the several 
predictions for the several jobs. Two composite scores can have 
different validities only insofar as they measure different func- 
tions. The only validity of the battery for classification purposes, 
therefore, lies in the diference in function measured by the dif- 
ferent scores. A test is of value only if it permits the differentia- 
tion of some function from other functions. 

Let us suppose we have tests such that each represents a pure 
measure of some trait of behavior, the traits being isolated and 
refined by the best available statistical techniques and profes- 
sional insight so that they are as nearly unrelated and as psycho- 
logically meaningful as may be. In this case, we may expect 
the validity of a particular test to differ sharply from one job 
criterion to another, since the trait will be important for some 
job assignments and not for others. This differentiation will not 
be blurred by any other functions entering into the single test 
scores. Tests of this sort will permit a maximum differentiation 
of the validity of each composite score for the different job 
specialties, since it will be unnecessary to include in the com- 
posite score for one job any of the secondary sources of teat 
variance which would tend to give the composite relatively more 
validity for other job specialties than the one which it is designed 
to predict 

In the case of highly complex tests, the reverse will tend to 
be the case. The complex test is likely, by its very complexity, to 
include elements which have validity for a number of aircrew 
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specialties. A combination of several such tests may be quito, 
valid for the specific job for which the composite was assembled, 
but it is also likely to be quite valid for other Jobs as well. Thus, 
its value as an instrument of differential assignment is reduced. 
In general, then, it appears that independence of separate test 
scores is of particular importance for the task of classification. 

No mathematical solution is known for the problem of classi- 
fication as it has been outlined above. Consequently it is not 
possible to state the conditions for maximum efTcctivo.'iess in 
classification with any exactness. By the same token, it is not 
possible to indicate, except as has been done in a very general 
way, the techniques and points of emphasis which will be most 
fruitful in producing an efTcctive classification battery. In gen- 
eral, it seems that the emphasis will need to be much more on 
pure tests of distinct functions and much less on valid tests for 
specific aircrew duties. 

i 
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CHAPTER NINE. 

Sources and Control of Error 
Variance in Test Scores 

INTRODUCTION 

The performance of any individual on a test or group of tests 
ia in part a function of more or less general knowledge and 
ability on the part of the individual being tested, in part a func- 
tion of the specific sampling of tasks which he is called upon to 
do, and in part a function of a variety of incidental environ- 
mental factors beyond the control of the individual. These en- 
vironmentrl variations are in part individual, unique, unidenti- 
fiable, and unmeasurable. Here we refer to such individual, 
incidents as having a cold, having slept poorly the night before, 
having received an upsetting letter from home, having been dis- 
tracted while the instructions were being presented and the 
like. Such factors are highly individual and represent sources 
of inaccuracy in measurement about which the testing organiza- 
tion can do very little. In part, the environmental variations are 
recurring, identifiable and possibly measurable circumstances 
which differ between individuals or between groups. This cate- 
gory would include variations in temperature and humidity, 
variations in details of procedure from one testing unit to an- 
other, variations between specific examiners, and variations be- 
tween copies of the same apparatus test. Since these last factors 
can* be identified and individuals can be segregated into sub- 
groups within which a particular factor was held constant, it 
is possible to make statistical studies of the effect of these factors, 
and, where they are of' practical importance, to develop experi- 
mental or statistical procedures to allow for them. 

Fluctuating environmental influences are of importance in 
testing because they lower the accuracy of measurement, and 
consequently the validity of resulting scores. It should be noted 
that the lower accuracy will only influence that type of reliability 
index which is defined by retest at another time when the specific 
set of environmental conditions no longer holds. If split-test or 
immediate retest procedures are used, thd environmental condi- 
tions will ordinarily be the same for both part scores, and the 
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variance in conditions will appear as systematic rather than as 
error variance. 

The ideal procedure for dealing with environmental variations 
in testing is obviously to eliminate them by control of the testing 
situation. It is to this end that all the precautions to achieve 
uniform testing are introduced. In the Aviation Psychology Pro- 
gram, every effort was made to maintain uniformity of condi- 
tions from man to man, day to day, and unit to unit. Procedures 
for standardization developed progressively during the war. 
Originally, each of the three Psychological Research Units worked 
up its own standard routine of procedures and detailed opera- 
tions. More and more centralized direction of testing operation 
was gradually obtained, and eventually a complete and detailed 
Standing Operating Procedure was set up by Headquarters, AAF 
Training Command. The Standing Operating Procedure specified 
in detail procedures for administering, proctoring and scoring 
tests, and tallying test results. Verbatim instructions were sup- 
plied for administrators of both group and individual tests. The 
individual test instructions specified not only what the test ad- 
ministrator was to say but what he was to do and how much 
demonstration he should provide the subject. In addition, uni- 
form procedures were specified for apparatus calibration and 
apparatus maintenance, and for auditing and checking all scor- 
ing and conversion procedures. 

Even when all possible precautions are observed to reduce the 
effect of environmental variation, it is still possible that signifi- 
cant effects may remain. It is desirable, therefore, that periodic 
checks be carried out to determine to what extent significant 
effects exist, with a view to controlling them or correcting for 
them. The remainder of this chapter discusses some of the types 
of factors which were analyzed in the Aviation Psychology Pro- 
gram. In interpreting these results, it must be remembered that 
these analyses are of the variation which remained in spite of 
all efforts to maintain uniform and controlled conditions. That 
some factor was not a source of significant variance in the Avia- 
tion Psychology Program is no indication that it would not have 
been if conditions had been less well controlled. 

VARIATION BETWEEN TESTING UNITS 
Some general clue to uniformity of testing conditions or lack 

of it could be obtained by comparing mean scores for different 
testing units for each test, month by month. The interpretation 
of these data was somewhat ambiguous, since it was not possible 
to guarantee that applicants arriving for testing at the different 
units were equivalent in aptitude. Different units tended to 
serve rather different geographical areas, and there may have 
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been other systematic differences between the populations tested. 
Repeated experience led personnel in the Aviation Psychology 
Program to have a healthy skepticism as to the applicability of 
the assumptions of random sampling to the populations with 
which they had to deal. However, the plotting of monthly means 
by units appeared to throw some light upon uniformity of test- 
ing conditions from unit to unit This was possible partly 
through analysis of the internal relationships of test scores. That 
is, a unit which yielded consistently high scores on one test but 
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not on others was suspect with regard to tha administration of 
that particular test. Several local divergences from standard 
procedure of scoring, timing, or administration were located 
through this type of systematic audit. 

Sample results from this form of systematic auditing pro- 
cedure are shown in figure 9.1. This figure shows monthly means 
at the three Psychological Research Units over a period of 11 
months for the Reading Comprehension Test (CI614G), ihe 
Speed of Identification Test (CP610A), and the Dial and Table 
Reading Test (CP621, 2i2A). The Reading Comprehension Test 
results show little consistency In unit differences, but show a 
striking population shift In May 1943. This coincided with the 
introduction of the AAF College Training Program, and was due 
primarily to the policy of accelerating through the colleges those 
men who stood highest in the Educational Examination (AC20A) 
which was used as a screening device. Speed of Identification Is 
another test for which unit differences are small and relatively 
inconsistent, though scores at PRU No. 2 tended to run low. In 
contrast. Dial and Table Reading s.unvo relatively large differ- 
ences between units, and dliTerences which persisted without a 
single reversal for the period studied. It appears almost certain 
that procedures for administering this test were not the same at 
all units. The differences in this test are believed to have arisen 
from differences in the degree to which the basic instructions 
for the test were supplemented locally at the individual testing 
units. This test was one which involved rather complex Instruc- 
tions and in which supplementation of the standard Instructions 
often seemed necessary. At the time that the testing shown in 
figure 9.1 was carried out, the backlog of statistical work so de- 
layed these analyses that no corrective action was possible. 

APPARATUS VARIANCE 
In apparatus testing, it was always true that a number of differ- 

ent copies of each apparatus test were in use. The typical testing 
unit had two or three "lines" of apparatus tests. Each "line" 
contained four copies of each apparatus test in the battery, 
usually with a single control and cycling mechanism. Men were 
tested in squads of four, each examiner testing four men in a 
room at one time. As a result, each man was tested on a particular 
copy of each apparatus. Because of the use of a large number of 
copies of apparatus tests, a good deal of interest centered on the 
question of the comparability of the different copies and on es- 
tablishing suitable procedures to guarantee comparable scores 
for an individual no matter on which copy of the apparatus ho 
happened to be tested. The administration of complex apparatus 
tests on a large scale by the Aviation Psychology Program was 
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quite a novel undertaking. There has probably never been a time 
when apparatus tests were administered in as many different 
places and to as many different people under1 conditions which 
were as nearly uniform and standard for all individuals. 

At a relatively early stage in the research program associated 
with classification testing, data were assembled and analyzed by 
copy of the test apparatus to determine whether the specific 
copy used was a significant source of variance in resulting test 
score. Analysis of variance and similar techniques applied to 
the distribution of raw scores showed quite clearly that for at 
least some of the apparatus tests the particular copy was a real 
source of variation. Apparatus differences were greater in those 
tests than could reasonably be attributed to sampling fluctua- 
tions. The amount of apparatus variance differed quite a bit for 
different ones of the apparatus tests. A relatively simple peg- 
board test requiring the subject to turn square pegs as rapidly 
as possible (Finger Dexterity, CM 116A) showed relatively little 
variation from one copy to another. It was apparently possible 
to construct the relatively simple equipment required for this 
test with sufficient uniformity so that differences from one copy 
to another were hardly a source of variance in test performance. 
Of the other classification tests, the Complex Coordination Test 
(CM 701A) showed probably the largest acount of variation 
from one copy of the apparatus to another. The variations' in 
the earlier copies of the Complex Coordination Test were in part 
due to the complexity of the instrument and in part due to the 
fact that different copies had been made at different times with 
somewhat different detailed specifications. Other tests in addi- 
tion to the Complex Coordination Test showed apparatus differ- 
ences which were clearly statistically significant. These differ- 
ences arose in spite of all the administrative provisions which 
had been made to achieve uniformity of testing conditions. Ad- 
ministrative provisions covered both procedures for test admin- 
istration and routines for apparatus inspection and maintenance. 

It is possible for certain sources of variation to be statistically 
significant in the sense that they could not reasonably have arisen 
by chance and yet for them not to be practically significant. It 
becomes appropriate, therefore, to inquire whether the obtained 
variation among copies of an apparatus are of practical signifi- 
cance as well as whether they meet standards of statistical sig- 
nificance. Practically significant variation for a test which is 
being used to predict success in some type of performance will 
be shown in reduction of the validity of that test If the irrele- 
vant variance introduced by apparatus differences is sufficient to 
bring about an appreciable reduction in the validity coefficient 
for the test, it may be considered to be of practical significance. 
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unless some appreciable reduction in test validity results, the 
irrelevant variance cannot be thought to have practical signifi- 
cance. Formulae were developed1 to estimate the reduction in 
lest validity rooulting from variance between copies of the test 
The formula for the correlation between obtained score and 
"true" score, corrected for apparatus differences is 

/ n(a«B-,;) 

-= V . "-—— 
(1) 

where a\ = the total variance of the distribution of scores 
a* = the variance of the apparatus means 
n - the number of different copies of the apparatus 
N = the number of cases tested 

This formula allows for the variation among apparatus means 
which could have been expected from sampling alone, and the 
decrease of the correlation below unity is due only to the varia- 
tion in excess of that attributable to sampling. 

Assuming all variance introduced by apparatus differences to 
be error variance, and consequently unrelated to the criterion, 
the correlation of a "true" score with the criterion can be esti- 
mated by the formula 

r.t (1) 
r,t 

where rcl = correlation of true* score with criterion 
rer = correlation of obtained score with criterion 
r,t = correlation of obtained score with true score 

It is of some interest to examine the results from an early 
set of data as an instance of the amount of reduction in test 
validity which could have been expected to result if no provisions 
had been made for controlling variations among different copies 
of each test. 

Data were analyzed for scores of slightly over 2,000 men 
tested at PRU No. 1 during 1 week in the spring of 1943. Twelve 
copies of each test were in use at that time. Variance was 
analyzed for score on the Complex Coordination, Two-hand 
Coordination, and Rotary Pursuit Tests. The variance of the 
total distribution of scores and the variance of the means for the 
separate copies of each test were determined. Applying formula 
(1) above, correlations between raw scores and scores corrected 
for apparatus difTerences were determined. These were then 
applied to hypothetical raw score validities of .400 for each test 

• Thcs« formuUt w«rt dmlopcd by Lt Colonel A. P. Howt 
10331»—«T—U 
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to show what corrected score validity would be expected in each 
hypothetical case if corrections for apparatus differences were 
applied. The results were as follows: 

Complex Coordination.. 
Two-hand Coordination. 
Rotary P<ir»aU  

Corrctation of 
and corrteted 

raw 
•eor« 
.929 
.98» 
.Mt 

Hupothttical  rat» 
»tort validity 

.4M 

.4M 

.4M 

Ettimattd trut 
teen mjUaUg 

.411 

.49T 
        .401 

In the case of each of the tests, a previous comparison of appa- 
ratus variance with residual variance had indicated apparatus 
differences to be significant in the statistical sense. The data 
which have just been presented, however, suggest that it was 
only in the case of the Complex Coordination Test that they were 
of a size to be practically important. The type of analysis car- 
ried out here represents a worthwhile practical check on the 
losses which are resulting from apparatus differences (or some 
similar type of extraneous variance) and the gain in test validity 
which could be anticipated from the elimination or correction of 
those differences. This formula and method of analysis may, 
of course, be applied to the evaluation of any extraneous source 
of variance. 

The results in the previous paragraph have indicated that 
the loss in validity due to apparatus differences would have been 
real for at least certain of the apparatus tests, though it cannot 
be said to have been large. In the composite aptitude score, of 
course, the loss in validity would have been reduced because 
those tests constituted only a limited part of the total score. 
The results which have been report?' above are, of course, those 
which were obtained when careful procedures of standardization 
of test administration and of apparatus maintenance were in 
effect. Apparatus differences would presumably have been a very 
much more serious factor if these standardized procedures had 
not been carried out with great care. Under the circumstances 
it can be said that some slight loss in validity might have been 
expected from apparatus differences if no further' effort had 
been made to correct for them, but that this would have been a 
relatively small effect in comparison to the over-all validity of the 
test battery. 

In view of the finding that real apparatus differences existed, 
further efforts were made to provide for them in testing pro- 
cedures. These efforts took two directions, one mechanical and 
one statistical. On the one hand, studies were carried out to 
determine what features of the apparatus were associated with 
apparatus differences and to invent calibration procedures de- 
signed to reduce differences in those features. For example, a 
measuring instrument was designed to measure the effective size 
of the target button on the Two-hand Coordination Test.   Al- 
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though size had been specified in the original construction of the 
apparatus, different copies were found to vary within small 
limits. Comparison of apparatus means with measures of effec- 
tive target size indicated that a substantial part of the variation 
from one apparatus to another was associated with this differ- 
ence in effective size of target button. Once this was determined, 
routine calibration procedures were instituted for measuring 
target size and adjusting each copy of the apparatus so that this 
factor was maintained more nearly constant from copy to copy 
of the test. Similar calibration procedures were developed for 
size of the contact points in the Complex Coordination Test and 
for stylus pressure in the Rotary Pursuit Test. These calibra- 
tion procedures served to reduce the obtained differences between 
copies of an apparatus so that variance from this source was 
ultimately reduced below practically significant values. 

The second approach toward control of apparatus variance 
was statistical. This took the form of maintaining regular cumu- 
lative records of score distributions for each copy of an apparatus 
test. During the early period of the classification program, when 
differences between copies of the test were still significant, the 
score distributions were used as a basis for preparing separate 
standard-score conversion tables for each apparatus. Those 
standard-score conversion tables made possible the assigning of 
scores to an individual which took account of the characteristics 
of the apparatus on which he was tested. It must be remembered, 
however, that the development of conversion tables based upon 
separate samples for each copy of the test produced some 
sampling variation in the separate conversion tables. Where 
apparatus differences were large the sampling variation could 
be expected to be considerably less than the apparatus variation. 
When apparatus differences had been reduced, sampling varia- 
tions became as significant a factor as apparatus differences and 
any gain from separate conversion tables was then lost. At this 
point, separate conversion tables were dispensed with. 

The separate statistics on each copy of an apparatus always 
served as a basis for detecting apparatus malfunction. A con- 
tinuous running record was maintained for successive groups of 
subjects. This record was used during the earlier period of the 
classification program both as a basis for revising conversion 
tables and as a basis for detecting the need for ovwAauI of a 
particular piece of apparatus. During the latter pirt of the 
classification program, records of successive hundrds of cases 
tested with a particular copy of an apparatus served as a basis 
for indicating need for special maintenance and also as a basis 
for removing a piece of apparatus from a testing line t-nd sub- 
stituting the spare copy if serious malfunction seemed to have 
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developed. The copy which had been giving aberrant scores was 
then returned to the School of Aviation Medicine for intensive 
mechanical overhaul. 

EXAMINER VARIANCE 

Administration of individual apparatus tests was carried out 
by a large number of different examiners and it was a matter of 
some concern whether the resulting test scores were to any con- 
siderable extent a function of the particular examiner who did 
the testing. Here again, every possible administrative precau- 
tion was taken to minimize variance from this source. The ad- 
ministration procedures for the different tests were specified in 
great detail. This included not only the instructions, which were 
prepared in standard form, memorized by the examiners and 
administered verbatim, but also details concerning the exact 
amount' and type of demonstration and preliminary practice 
which was to be given for each of the separate tests. The statis- 
tical studies of variance between examiners refer, therefore, to 
the variance which remained after intensive precautions had 
been taken to reduce it to a minimum. 

Studies of examiner variance showed somewhat divergent 
results in groups studied at different times and at different Units. 
This could well occur if the level of training and standardization 
of examiners varied from unit to unit and from time to time. 
Results from three separate representative studies are presented 
in table 9.1. In two of these studies, examiner variance was sta- 

TABLE 9.1.—Statistical Significance of Examiner Differences. 
Ratio of Bctwccn-Examincr to Within-Examiner Variance (F-R.itio) for 
Apparatus 'icsta in Three Samples. 

Tt$t 

Plngtr Drxterity  
Rotary  Punuit  
Discrimination Reaction Tim«  
Two-hand  Coortlinntlon  
Complex Coonllnatlon  
Ituthler Controk  
Almln« Ftre«  
F-Ratlo for .OS Level of Sijrnincanc«.. 
F-Rntio for .01 Level of SleniAeane«.. 
Number of Subjects (Approxl.natc). 
Number of Exa-niner«  

F-Ratio 
PRU #•      | MPEU   #10 MPSU #r 

i.to S.0I ».it 
1.04 1.04 4.»T 
1.2» 1.08 1.2* 
2.40 l.Oi Ml 
2.0« 2.4» 4.C7 

1.21 Ml 
1.77 ■ • • • 
l.M l.»0 1.64 
;.»» 2.41 1.»» 
VO« eoo 100« 

IS 10 11 

tistically significant, but just barely so, for three of six tests. 
In the other case, examiner variance met tests of significance for 
all tests. The tests for which the largest differences were found 
varied a good deal from study to study. The difference in size 
of F-ratios between the last study and the first two is primarily 
a function of the number of cases included in the study. The 
results from the last study indicate that when a large group is 
studied, statistically real examiner differences are found.   It 
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was found, incidentally, that these differences were due to two 
or three aberrant examiners. 

The practical significance of the above differences is a further 
question. Formula (1) on page 124 has been applied to the data 
for the Finger Dexterity Test. This is the test which showed 
the largest examiner differences in the MPFU No. 10 and MPEU 
No. 7 samples. As applied to these two sets of data, the correlations 
between obtained score and true score, freed of the influence of 
examiner differences, are .983 and .989 respectively. This means 
that very little attenuation of test validity resulted in these 
cases from examiner differences. Some of the instances of 
examiner difference appear to be statistically real, but it can be 
doubted that even these were of practical importance. With the 
level of standardization that was maintained in the Aviation 
Psychology Program, no appreciable attenuation of validity ap- 
pears to have resulted from examiner differences. 

VATUANCE ASSOCIATED WITH TIME OF DAY 
The time of day at which tests were administered was another 

factor studied as a possible source of variance in psychomotor 
test scores. An initial study of this factor produced very dis- 
turbing findings in that very striking variation was discovered 
associated with time of day. The variance was significant by all 
routine tests of statistical significance and no artifacts were dis- 
covered which could reasonably have produced the differences 
which were observed. The above finding led to immediate repe- 
tition of the analysis with groups of data from several different 
units. The initial results were not confirmed. In the subsequent 
studies, time of day appeared not to be a significant systematic 
factor influencing apparatus test scores. No adequate rationaliza- 
tion of the difference between the initial study and the other 
studies which followed it has been developed. The results of five 
studies are summarized in table 9.2. 

OTHER SOURCES OF VARUNCE 
In addition to the factors considered in the previous sections, 

some attention was devoted to such factors as location in the 
examining room and newness of test booklets. Studies of position 
within the group test room wore carried out both for printed 
tests and for motion picture tests. In the case of printed tests, 
one hypothesis held that men farther from the test administrator 
who was reading the instructions and directing the testing were 
at some disadvantage in following the procedures for the test 
Another hypothesis held that, particularly in the case of certain 
highly speeded tests, men in the far corners of the room had a 
certain advantage in that they had a better opportunity to work 
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beyond the time llmils without being detected. Ilov/ever, analysis 
of variance associated with sections of the testing room con- 
sistently failed to show any differences associated with that fac- 
tor. In the case of motion picture tests, position in the testing 
room was particularly relevant in that each man was dependent 
upon the position of the motion picture screen for the stimulus 
patterns to which he rcspo.uled. Studios of this factor are pre- 
sented in more detail in Report No. 7 on motion picture tests. 
However, it may be said in general that for most of those tests 
rather wide tolerances in seat position were acceptable. In the 
case of most tests performance appeared to be relatively insensi- 
tive to position in the test room and the individual was apparently 
able to achieve a fairly high degree of size and shape constancy 
from whatever position he viewed the screen. 

Wear and tear on booklets was a matter of some concern, par- 
ticularly for certain of the perceptual tests in which rather fine 
discrimination of the material presented to the subject was 
required. Studies were made comparing performance of groups 
using new booklets and of groups using booklets which ere so 
tattered that they were abc u ready to be salvaged as waste 
paper. No differences wei »nd associated with conditions of 
the test booklet which appru.ichcd statistical significance. 

SUMMARY 

In summary, it may be stated that insofar as it was possible 
to test such factors, results indicated that the conditions of testing 
within the Aviation Psychology Program were such as to keep 
irrelevant sources of variance within rather modest limits. Ap- 
paratus differences were real, and in certain instances large 
enough to be important. Both mechanical and statistical pro- 
cedures were used to control these differences. As improved ap- 
paratus designs and calibration procedures were developed, sta- 
tistical controls were used only to detect apparatus in need of 
maintenance or replacement. Other sources of variance were not 
shown to be of practical significance in the testing situation. The 
relatively small amount of variance attributed to apparatus, 
examiner, and other similar factors boars witness to the degree 
of standardization of procedures which was achieved in a sys- 
tematic and carefully-cont*. oiled program. 
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CHAPTER TEi\. 

Training Experiments 

INTRODUCTION 

Although the early focus of effort in the Aviation Psychology 
Program was on selection and classification of personnel, as the 
war progressed more and more attention was devoted to prob- 
lems of training procedures. The general pattern appropriate 
for research on training procedures in the AAF conformed to 
the traditional pattern of the learning experiment. It was neces- 
sary that two or more alternative sequences of ti-aining activi- 
ties be defined in terms of some hypothesis concerning eflicient • 
procedures for training; that groups be set up, preferably equated 
on relevant background characteristics, and then trained by each 
of the methods proposed; that the relative proficiencies of the 
groups be evaluated after completion of the sequence of training; 
and that appropriate statistical tests be applied to determine 
whether the observed differences in performance exceeded those 
that could be anticipated on the basis of sampling fluctuations. 
In abstract outline the pattern was clear and followed a thor- 
oughly standard and well-known course. In actual practice, how- 
ever, a variety of problems beset the research worker as he tried 
to make an actual field study conform to the specified pattern. 
The following sections will discuss the three areas of (a) defini- 
tion of the training problem, (b) practical administrative prob- 
lems in training research, and (c) criteria for use in training 
experiments. 

THE DEFINITION OF THE PROBLEM IN TRAINING RESEARCH 

In research on selection of personnel the problem involved was 
relatively unitary and clearly defined. All research efforts cen- 
tered around the basic unifying problem of getting the most ac- 
curate prediction of an appropriate criterion of proficiency in 
the task in question. In the case of training research it might 
have been possible to specify verbally a similarly unifying central 
problem, that of achieving a maximum increase in the proficiency 
of personnel assigned for training. However, the separate studies 
which work toward the achievement of the general goal seem 
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to have much less of a unifying theme in the latter case than in 
the former. Training is a long involved process and almost every 
step or feature of it may be tinkered with by the research worker 
or by experimentally inclined training personnel. Each experi- 
ment may be planned and carried out to a considerable extent in 
independence of other studies. The cumulative result of a pro- 
gram of research is likely, therefore, to be a number of findings 
running off in a variety of directions. The problem of unifying 
and integrating research in this field is a very real one. A first 
and major concern for the psychologist, therefore, was effective 
definition of the problems for investigation. 

Definition of psychological research problems in aircrew train- 
ing involves two aspects. The first is the discovery of significant 
and testable hypotheses for alternate methods of training. The 
second is the definition of each of these hypotheses by a set of 
practical training operations. Hypotheses to be tested emerge 
in part from the general psychological literature on learning, in 
part from the practical hunches of training personnel. 

On the one hand, the psychologist tends immediately to bring 
over and try to apply to aircrew traininjr the findings of labora- 
tory and classroom experimentation on knowledge of results, 
distribution of practice, transfer of training, and the like. Thus, 
in studying aircraft recognition training, it appeared to avia- 
tion psychologists that the factor of active response and imme- 
diate reinforcement of correct responses was of central impor- 
tance.   A little experiment was set up which demonstrated the 
importance of this factor.  Again, in gunnery training aviation 
psychologists were very interested in the development of the 
Firing   Error  Indicator,  a  device   which  provided  immediate 
knowledge of the direction of error in air-to-air firing. A chief 
reason  for  the  unsatisfactory progress in aerial  firing was 
thought to be the fact that while he was firing, the gunner received 
no information a^ to the amount and direction of his errors. Un- 
fortunately, the engineering problems in the development of the 
Firing Error Indicator was never completely solved, so that the 
device was not available for experimental evaluation as an aid 
to training. 

On the other hand, practical problems are continually arising 
within the training situation which require experimental study 
if an accurate and unbiased basis is to bo provided for official 
decision and action. Aircraft recognition training had been built 
around the use of very brief "flash" exposures. Training person- 
nel needed information as to whether these procedures were 
resulting in a maximum rate of learning, and so several experi- 
monts were run to check this point. A training aids officer had 
developed a special sight to be used in "skect" training by fighter 
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pilots. Data were analyzed to determine whether training with 
this new type of sight gave more transfer to aerial firing than 
training with the standard sight. In navigation training, a very 
elaborate ground trainer had been developed to simulate dead- 
reckoning navigation missions. Training personnel were con- 
cerned to know whether use of this device improved navigational 
performance in the air, so a study was conducted to determine 
the effectiveness of this device. Personnel in charge of bombar- 
dier training desired to know how much aerial training was 
needed to bring student personnel to maximum accuracy in bomb- 
ing, so a study was planned to plot the learning curve for aerial 
bombing. 

From whichever source the problem or hypothesis comes, but 
especially when it comes from the psychologist, a further prob- 
lem is involved in translating the general hypothesis into a spe- 
cific set of training operations. That is, the general interest of 
the psychologist in transfer of training might be expressed more 
specifically as an inquiry concerning whether experience on a 
particular gunnery synthetic trainer will improve subsequent 
skill in air-to-air firing under simulated combat conditions. This 
hypothesis still requires a great deal of further detailed specifica- 
tion in terms of amount and kind of experience on the training 
device, personnel to be studied, and criteria to be used. Specifica- 
tion of a set of practical operating training procedures which at 
the same time provides an adequate test for the general hypothe- 
sis being studied and compares the most meaningful practical 
alternatives for a training program, is a difficult problem. For 
example, in the study of the dead-reckoning navigation trainer 
referred to in the previous paragraph, it was necessary to decide 
just what use of the trainer was to be evaluated. In actual fact, 
what was compared was use of the ground trainer in place of 
classroom work fw several "ground problems." These problems 
were tasks sitiil»r io tkat of maintaining a navigational log in 
fight, except thai wstrunent readings'were synthetic and given 
on the grouni—on the blackboard in the case of classroom in- 
struction, or ifcstrumctft dials in the case of the trainer. In the 
experiment, the trainer replaced the classroom as the locale for 
the ground problems which were a part of the standard curricu- 
lum of instruction. It is clear that the results of the experiment 
evaluate only this use of the trainer, and not other possible uses. 
That is. the trainer might have had special value as a device 
for supplementary instruction even though it was not found to 
have any as a substitute for the usual type and amount of class- 
room ground problem. In any event, the experimental results 
are a function of the specific definition of the use of the training 
device. 
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The necessity of planning the comparison of alternative train« 
ing procedures in such a way that the test will be experimentally 
clear and practically meaningful calls for close cooperation of 
professional psychological personnel on the one hand and practi- 
cal training personnel on the other. It should be facilitated by 
providing that the psychologist receive first-hand experience in 
aircrew training. At the same time, it calls for extensive indoc- 
trination of line personnel in the research point of view toward 
training problems. 

ADMINISTRATIVE PROBLEMS 

Even when it had been possible to define a training research 
problem with a satisfactory degree of precision, the practical 
problems involved in setting up a training experiment in the 
official Army situation were very real. The Army training sta- 
tions were engaged primarily in a large scale training enterprise 
and not in a research program. When personnel numbering in 
the thousands were being pushed through training at a maximum 
rate in order to meet commitments for combat operations, it was 
not easy to interfere with the course of this training in order to 
set up ideal conditions for research work. The typical training 
station was a large, complex, highly integrated organization, all 
the parts of which had to work together smoothly if training was 
to proceed. Any considerable modification of training procedures 
for research purposes was likely to produce eddies of disturbance 
in the normal smooth flow of training operations in other groups 
in the station. A special time schedule for flight missions for 
the experimental groups would have meant that the flight sched- 
ules for other groups had to be rearranged. Special planes for 
the experiment would have meant withdrawing these temporarily 
from the supply at the station, which might already be limited. 
Maintaining the best calibration of instruments in experimental 
planes would have meant an additional burden on an already 
overtaxed maintenance staff. Allocatioa of a special group of 
officers to ride extra checks upon the experimental students 
would have put demands on the limited chocking staff at a given 
station which would have been beyond all reason. 

As the war moved towards its successful conclusion, with a 
consequent lessening of pressure on training personnel, as avia- 
tion psychologists became better established in training research, 
and as training research projects were backed up by stronger 
directives from higher headquarters, it became possible to do 
more and more in the way of setting up special conditions for 
research projects. Thus, in 1915 an experimental study of the 
learning curve for aerial bombing was directed by Hcadqjartera 
AAF, and for tills project it was possible to obtain jurisdiction 
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over the personnel ..elected to be trained, the personnel to carry 
out the training, the planes used for the aerial bombing and the 
pilots who flew them, the bombsights and the schedule for their 
maintenance, the daily schedule of bombing, and the conditions 
of altitude, bomb run, evasive action and the like under which 
each bomb was to be dropped. There was, unfortunately, one 
feature over which it was not possible to obtain control, which 
rather thoroughly upset the plans for this study. This was the 
end of the war with Japan. 

Another element of diflkulty was that research activities had 
to be carried out through the medium of standard operating 
personnel with a decidedly limited background of research ex- 
perience and research interest. Thus, when a standard flight test 
was administered to evaluate the effect of an additional five 
weeks of flight training for certain classes which were held over 
for that additional period, the tests were administered by several 
hundred check pilots who had only a limited session of indoc- 
trination in the nature, purpose, and techniques of administra- 
tion of such a standard check. Again, the evaluation of thr navi- 
gation ground trainer was based upon the instruction provided 
by standard instructional personnel and upon test flights flown 
by regular service pilots and evaluated by regular staff naviga- 
tors. The degree to which standardization of training procedures 
and control of experimental conditions could be maintained while 
depending upon large groups of personnel of this type is a matter 
of question. 

Problems of equating groups presented particular adminis- 
trative difficulties in military research, in that groups were al- 
ready set up in administrative units and any interference with 
those units raised serious administrative problems Experience 
showed that successive groups which had been set up by adminis- 
trative procedures did not represent random samples from the 
same population, so that one could not rely upon the equivalence 
of the groups as they were already found to exist. In specially 
planned studies, such as those which we have already mentioned 
dealing with the navigation ground trainer and with the learn- 
ing curve for aerial bombing, it was possible to select and equate 
the experimental groups. However, it was always bothersome 
and sometimes impossible to interfere with personnel assign- 
ments so as to achieve this end. 

The above problems are not ones which have any particular 
theoretical significance. They did not unduly tax the research 
workers' intellectual abilities in determining what should ideally 
be done to take care of them. They did, however, pose very severe 
problems for the research workers' personal tact, ingenuity and 
administrative skill. 
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TIIü CRITERION IN TRAINING RESEARCH 
In practice the most difficult technical problems in training 

research were concerned with the establishment of adequate 
techniques for measuring pvoPciency in the tasks for which train- 
ing was being given. The general problems of criteria of pro- 
ficiency have been discussed in an earlier chapter of this report. " 
These problems were basically the same whether the criterion 
measures were required for aptitude test valuation or for evalua- 
tion of results of training experiments. However, certain spe- 
cific points are worthy of mention in connection with the estab- 
lishment of proficiency measures for training research. 

Since training studies are carried out on a group basis and it 
is group results in which one is interested, high reliability in the 
criterion is not a critical requirement in these studies. Since, 
however, a comparison is being made of the systematic efTect of 
two or more distinct procedures, it is imperative that the cri- 
terion measure be unbiased. That is, there must be no possi- 
bility that the criterion test is being administered under condi- 
tions which permit one group to have an advantage relative to 
the other. This tends to be less critical in the case of selection 
test validation, because biasing factors are likely to be random- 
ized with respect to the factor being studied (aptitude test score). 
Thus, diflc rent schools, different instructors, difiorcnt check pilots 
are likely to get essentially random samples with regard to apti- 
tude test score. Any bias due to school instructor, or check pilot 
will then be jprcad out so it affects all levels equally, and will 
become an attenuating rather than a systematically biasing 
factor. In the case of training experiments, however, the two 
groups being compared are likely to be discrete groups, trained 
at a different time or place, or at least to be distinguished and 
identified by training personnel. In this case any biases asso- 
ciated with a particular school, a particular flight, a particular 
group of instructors, or the attitude of the group of instructors 
toward the two groups are likely to affect the groups differen- 
tially. The biases may become systematic rather than random. 
When this happens, the validity of the experimental results is 
lost. Measures of proficiency based upon subjective ratings and 
evaluations are particularly suspect from the poi"i of bi*«,. 
Changes from time to time and place to place are ^e rulo rather 
than the exception. Furthermore, in an experimmt being carried 
on at a given time and place it is entirely pc;sible that raters 
may be biased in favor of one rather than the «thor of the meth- 
ods under study and that they may prejudice their ratings ac- 
cordingly. One is led to conclude that it is particdarly in training 
experiments that complete objectivity is needed in the criterion 
measure. 
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The question may be raised whether the same types of meas- 
ures of proficiency are appropriate for evaluating the results 
of training as are appropriate for subsequently validating apti- 
tude measures. Studies of objective flight items as measures 
of pilot proficiency suggested that those which were predictive 

' of pass-fail in training were rather different from those which 
discriminated groups v/ith different amounts of training. It 
would seem that proficiency measures for evaluating training 
procedures would need to be related a good deal more specifically 
to the particular knowledges and skills included in the training 
program than would measures used as a criterion for the evalua- 
tion of aptitude testa. 
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APPEXBIX A_ 

The AAF Training Conimand 
Correlation Chart 

The AAF Training Command correlation chart has been de- 
signed to take advantage of economics that can be effected 
through the use of computing machines and to provide a com- 
plete series of checks on the computation of all constants needed 
in finding the coeflicient of correlation. The chart presents no 
particular advantages in insuring the accuracy of the original 
scatter diagram or in computing the coeflTicicnt of correlation 
after the required constants have been obtained. 

Preparation of the Scatter Diagram. Spaces are provided 
on the left-hand margin and the upper margin for indicating the 
step intervals. A maximum of 21 steps may be used in either 
dimension. In order to avoid the use of negative quantities, only 
the positive quadrant is used, the x-origin being the midpoint of 
the step at the extreme left and the y-origin being the midpoint 
of the lowest step. The dx's and dy's, which are indicated in 
spaces adjacent to step intervals, are used only in the computa- 
tion of the cross products. The column and row in which these 
values are zero indicate the arbitrary origin in x and y respec- 
tively. The scatter diagram is prepared in the usual fashion. 
Two methods of checking the scatter diagram are feasible: the 
preparation of a duplicate diagram from the original data by 
another clerk, or the preparation of distributions of the two 
variables using the same step intervals as employed on the cor- 
relation chart. If the latter method is used, the distributions 
should be cumulated toward the lowest step and compared with 
the cumulative distributions found on the chart. The preparation 
of the scatter diagram may be facilitated by writing the x steps 
on a strip of squared paper having the same size squares as em- 
ployed on the chart. If the step containing the y score is found 
first, this strip may be placed below that step and the entries used 
as a guide in locating the proper cell in the x column in which 
the tally is to be made. 

Finding the Cumulative Frequencies. In using this chart cumu- 
lative frequencies, rather than frequencies, arc found for both 
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rows and columns. All work in cither the x or y variable starts as 
far from the origin as possible and is c irricd toward the origin 
of that variable. Starting with the first row in which there are 
tallies, the cell frequencies are added into the adding machine 
or calculator and the total of the cell frequencies in that row is 
entered in the column headed Cfy. This zum is not cleared from 
the machine but is added to the cell frequencies in the row below 
to form the cumulative frequency for that row. If a row has no 
tallies, the Cfy is the same as that of the preceding row. The Cfy 
of the bottom row is necessarily N, the number of cases. The pro- 
cedure used is readily apparent from an inspection of the numeri- 
cal example in which the successive Cfy's are 1, 5, 12, 18, and 20. 

By a process exactly analogous, the cumulative frequencies in 
x are found. Tallies in the column farthest to the right are 
added to find the first Cfx. Without clearing the machine, the s 

tallies in the column to the left are added to find the next Cfy 
so on across to the column containing the x-origin, the Cfx of 
which is N. Thus, in the numerical example, the Cfx's are 2, 5, 
11, 16, and 20. It is to be noted that N is dotcrmined twice. 

The Computation of S]/*. To obtain 2y', the Cfy's are added, 
excluding the entry in the step which contains the assumed mean. 
It is to bo noted that the assumed mean is at the x- or y-origin, 
denoted by zeros on the chart. This method of computing the sum 
of the deviations in terms of step intervals from the arbitrary 
origin takes advantage of the principle that the sum of a series 
of cumulative frequencies is equal to the sum of the products of 
each frequency times its deviation from the origin in terms of 
step intervals. This fact is easily noted from Algebraic Example I. 

ALGEBRAIC EXAMPLE I 

L  i.   *L  Q 
a      n      na      a 

J 

3      3h      a 4- ... -f h 
2       21      a + ... + h + i 
1       j_     a + ... + h + i -H' 

2Cf=na+ ... +3h+2i+j 

The frequencies are indicated in the column headed / and are a 
... h, i. j. The column headed d gives the deviations in terms o£ 
step intervals from the arbitrary origin. The column headed df 
gives the products of the deviations in step interval? as obtained 
in the ordinary multiplicative method of computing the mean 
from, an arbitrary origin. The column headed Cf gives the cumu- 
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lative frequencies. Since there are n of these cumulative frequen- 
cies, in all which a is represented, na will be represented in the 
2Cf. It is readily apparent that irrespective of the number of 
terms or the values of the frequencies the sums of the two columns 
df and Cf are identical. In summing the cumulative frequencies 
to obtain Sx' or 2y' care must be taken not to include N in the 
step containing the origin. 

Computation of ly". To compute 2y'^ the Cfy's are multiplied 
by the successive odd numbers beginning with unity in the step 
above the one which contains the assumed mean. The sum of 
these products is Sy". This method of computing the sum of the 
squares of the deviations in terms of step intervals from the 
arbitrary origin is an application of the fact that the sum of a 
series of odd numbers beginning with unity is equal to n* when n 
is the number of terms in the series. The actual employment of 
this principle is indicated in Algebraic Example II. 

ALGEBRAIC EXAMPLE U 

/ 
ä 
• 

n« 
• 

Cf 
a 
• 

m 
2n-l 

• 

mCfy 
(2n-l)a 
• 

• 
• 
h 
i 
j 

• 
• 
9 
4 
1 

• 

a + . 
a + 
a + 

.. +h 

..+h + i 

..+h + i-f-J 

• 
• 
5 
3 
1 

• 

5a + ... + 5h 
3a + ... + 3h + 3i 
a+...+  h+   i + j 

2mCf = n^ + ... -f- 9h + 4i + j 
The successive odd numbers are denoted as m, or the multiplying 
factors. It will be seen that 2mCf = Sd'f. Again the cumulative 
frequency in the step containing the assumed mean is ignored. 

Numerical Computation of 2/ and iy". When a key-driven 
adding machine is used to compute 2/ and 2y", two seriös of 
operations are performed: the summing of the Cf's pnd the 
summing of the products of each Cfy with its corresponding m. 
When a calculating machine is used, the two quantities are found 
in one series of operations. The m's are placed in the keyboard 
and multiplied by the corresponding Cfy's. The accumulation of 
the multipliers is 2Cfy or Sy' and the accumulation of products 
in the two product dials is 2mCfy or 2y',. In the numerical exam- 
ple 2Cfy is 36 and 2mCfy is 86. 2x' and 2x', are computed similarly 
and the four quantities are entered in the appropriate spaces 
under "Computations." It is to be noted that there are two 
spaces for entering 2x' and two spaces for 2y'. Entries are to be 
made in both places in connection with Charlier's check on the 
sums of squares. •   .   . | 
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Charlier'a Check. The basic formula for Charlier's check is 
readily derived as follows: 

(/+l)f = y/,+2y'+l 
Summing, 2(1^ + 1)« = 2y'» + 22/ + N 

This is to say, if we drop the assumed mean one step interval 
and thereby increase the value of all deviations by 1, the new 
sum of squares will be equal to the old sum of squares plus twice 
the sum of the deviations from the old origin plus N. The succes- 
sive odd numbers denoted by m' are designed for use with Char- 
lier's check. The procedure used in determining 2Cfy and SmCfy 
is repeated and the sum of the 'products of the m's and the Cfy's 
entered under Sm'Cfy. When it appears that this value is equal 
to the sum of the four entries above it, a check is obtained on 
the computation of Sy". In the numerical example, 20 + 86 + 
36 + 36 = 178. 

Computation of SxV (Working from the Columns). SxV is 
computed twice. Working from the columns, each cell frequency 
(designated as f„) is multiplied by the corresponding d7 and the 
sum of these products from the column at the right is entered in 
the space provided in the row labeled C2d,f.,. Without clearing 
this sum from the machine, the cell frequencies in the next column 
nearer the origin are similarly multiplied by the d/s and the 
cumulative sum entered in the space provided. The work is car- 
ried through the column which includes the x-origin. The last 
entry is Sy' but this entry is used only as a check upon the previous 
computation of 2/. The sum of all the entries in this boltum row 
of the diagram, excluding the entry in the column containing the 
x-origin, is SCsdyf,, or ax'/. This quantity is entered in the 
appropriate space under "Computations." In the numerical 
example, the successive entries are (1x4)-f (1x3) =7; 
7+ (1x3) -f (2x2) = 14;14-i. (2x3) + (2x2) + (1x1) = 
25; 25 -f (2 x 2) + (3 x 1) = 32; 32 + (1 x 2) + (2 x 1) = 
36. Sy* is 36 both in this operation and in the operation involving 
the Cfy's. sCsd^., = Sxy = 32 + 25 + 14 -f 7 = 78. It is to be 
noted that the entries in the row containing the y-origin are not 
used in computing the cross products. 

Computation of 2*V (Working from the Rows). The process 
of computing 2xy from the rows is exactly analogous to the pro- 
cess of computing 2x'y/ from the columns. Beginning with the 
row farthest from the origin, work proceeds toward the origin 
in y. Each cell frequency (f,y) is multiplied by its corresponding 
d, and the product is entered in the extreme right-hand column 
of the chart headed by C2d.fr,. Without clearing the first entry 
from the machine, the entry for the next row is computed and 
entered in the allotted space. This contin   3 through the row con- 
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taining the origin in y in which case the entry is 2x' and becomes 
a check on the previous computation of this figure. The sum of 
the entries in the column, excluding the final entry, is sCsd.f,, or 
2xy. In the numerical example (1x4) =4; 4+(2x2) + 
(1 x 3) + (1 x 4) = 15; 15 + (2 x 1) + (2 x 2) -f (2 x 3) = 
27; 27 + (3 x 1) + (1 x 2) = 32; 32 + (1 x 2) = 34. 34 is the 
Sx' previously found and 4 + 15 -f 27 -f 32 = 78 = Sx*/. In 
computing Sx'y' either from the rows or from the columns, it will 
be found useful to have a strip of cardboard with the d'a indi- 
cated on it. Such strips may be cut from a copy of the chart and 
used repeatedly. 

Algebraic Explanation of the Computing Principle in Finding 
Sxy. The algebra in determining each x'y* will be readily ob- 
served. Consider a tally in a cell with a y value of a and an x 
value of b. When working in the columns this tally takes on a 
value of a and, since cumulative sums are used, it appears in the 
Csd7f„ row b times, and hence adds ab to the value of Sx'y'. The 
same tally appears as b, a times in the Csd.f», column. 

Computations. The computations leading to <T, are illustrated 
in the numerical example and follow the familiar pattern. After 
N, 2y" and 2y' are found and checked, the quantity B, defined as 
NSy" — (2y/) *, is obtained by use of a calculating machine and 
the square root of this quantity determined. Similarly, A is 
found for the x-variable. Nsx'y — 2x'2y' (denoted as C) divided 
by \/A v5 is rw. The standard deviation of x is found by the 

I. 
formula — \/A and the mean of x is found from the formula 

N 
i^x* 

M, = M/ H , in which i, is the x-step interval and M/ is 
N 

the midpoint of the step containing the x-origin. The mean and 
sigma of y are found similarly. Work spaces for obtaining these 
statistics are included on the chart 

Recapitulation. Although this description of procedures is 
rather long, it will be found that operators can be trained to 
follow all steps quickly. The suggested routine is as follows: 

a. Sum all the cell frequencies in the rows, obtaining the 
cumulative frequencies in y, the last entry being N. 

b. Sum the frequencies in the columns, obtaining the cumu- 
lative frequencies in x, the last entry again being N. 

c. Obtain iy by summing the cumulative frequencies down 
to, but not including, the step containing the assumed 
mean in y and 2yv by multiplying the m's by the corre- 
sponding Cfy's. Check the results through the use of the 
Charlier formula. Repeat the routine to obtain 2x/ and to 
obtain and check Sx"« 
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d. Compute Sx'y* by multiplying the ceil frequencies In each 
column by the corresponding d,, cumulating all results 
toward the origin. The last entry in the row labeled 
C2drf,r is 3/. The sum of the other entries is Zxy. By 
a similar process in the rows, in which each cell frequency 
is multiplied by its corresponding d, and the resulting 
sums are cumulated toward the y-origin, the Csd.f./s 
are found. In this way 2x' and Sx'y* arc checked, 
c. The coefficient of correlation is obtained by the usual 
formula. 

NSxV — Sx'Sy' 
r = 

^NSx'* - (Sx')* jNSy^- (2/)' 

The means and sigmas of the two variables, if desired, may bo 
obtained by the use of the usual formulas, which arc indicated on 
the chart 

NOTE ON STEP INTERVAL AND THE ASSUMED MEAN 

In fixing step intervals for handling psychological test data 
when all scores are integral, the true lower limit of the step is 
generally considered to be .5 of a unit below the integral lower 
limit actually written for the step. Thus, if a step interval 
is written 15-19, and all scores of 15 through 19 are tallied on 
this interval, the true lower limit is 14.5. To find the midpoint, 
one-half of the step interval should be added to the true lower 
limit. In this case the midpoint would be 14.5 + 2.5 or 17. As 
another example consider the case in which the intervals are 
written 0-9; 10-19; etc. The midpoint of the first interval is 
—.5 + 5.0 or 4.5; the midpoint of the second is 9.5 -f 5.0 or 11.5, 
etc. When the mean is to be computed, this rule should be fol- 
lowed in determining the assumed mean. 
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B. 

An Iteration Method for Deter- 
mining Multiple Correlations 

and Regression Weights 

Much of the procedure described here has been presented by 
Kelley and Salisbury/ and the present procedures are essentially 
an adaptation of their technique. No effort is made to provide 
here a complete or rigorous mathematical basis for the formulas 
and computational procedures, and the rationale is merely sketched 
in order to give an intuitive feeling for what is being done. 
Formulas for the various operations in this method are presented 
both in matrix notation and in the conventional scalar notation. 
The more compact matrix notation is presented on the left, and 
on the right the same operations are indicated in scalar notation 
for those to whom the matrix notation is unfamiliar. 

The basic relationship upon which the iterative method depends 
is as follows: 

r*. - /Tr or (1) r„ = Sftr.i 
i» 

That is, the correlation of a test i with the criterion is equal to 
the sum of the products of each test's beta weight and its correla- 
tion with test i. 

The analysis starts with a square table of obtained correlations 
among tests in a battery and a column of empirically determined 
test validities. First a guess is made as to the beta weights for 
this set of data. Some of the considerations which enter into 
making a shrewd initial guess are considered later. To the set 

1 Kdtcy. T. L. and galltbnry. T. S. U*. eit. pp. tit t. 

SAMPLE PROBLEM 
I ntcr correlations 

TTTwo-hand coord. 
2. Fing, dext  
3. Rud. cont  
4. Comp. coord. ... 
5. Rot. pur  
6. Disc, react, time 
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.27 
i i $ 

.33 
e      1 

.2J 1.00 .30 .411 
!   .27 1.00 .11 .35 .33 .26 
!   -30 .11 1.00 .32 .32 .0^ 
i   .48 .35 .32 1.00 .38 .36 

.33 .33 .32 .38 1.00 .18 
1   .23 .26 .07 .30 .18 1.00 | 

Pool 
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.32 

.12 

.40 

.39 

.23 

.23 
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of guessed beta weights and to the obtained table of intercorrela- 
tions there corresponds some set of validities which satisfies 
equation (1). That is, if we designate the estimates of the betas 

ß, we have 

f, = Trr or ?!.= (2) 

The estimated set of beta weights yields a set of validity coeffi- 
cients, i. e., that set of validity coefficients for which this would 
be the exact set of beta weights. 

The calculation of the fc values is simple and quite speedy if 
a Marchant or other good calculating machine is available. The 
intcrcorrclations are set up in a square matrix with unity for 
the diagonal terms. A calculating sheet is set up with lines 
spaced at the same distance apart as the vertical spacing in the 
table of intcrcorrclations, and with variables numbered to cor- 
respond to the variables in the correlation table. Column I of 
the computing sheet contains the empirical validity coefficients. 
Column II contains the initial guessed beta weights. Column III 
contains the r( values, and is obtained by placing Column II along- 
side each column of the correlation matrix in turn and getting 
the cumulative sum. This is shown in the illustrative example on 
pages 154 and 155. 

Once an initial set of fv values has been obtained, the procedure 
becomes one of successive corrections to the beta weights one at 
a time until the re values correspond to the empirical r.'s within 
a specified limit of accuracy. In general, one starts with the 
variable for which the discrepancy between re and fc is greatest, 
adjusts the beta weight by an amount which will approximately 
eliminate that discrepancy, and then computes a new set of 
adjusted f*. values. (Column IV of example.) The procedure for 
making that adjustment is considered below. A second beta 
weight is then corrected and another new set of f, values ob- 
tained, and so forth. With practice a certain knack is developed 
in selecting variables to adjust and deciding upon the amount of 
adjustment to make. Adjustments are continued until the f, 
and re values are in sufficiently close agreement. In most work 
in the Aviation Psychology Program it was required that the 
two sets should agree exactly when rounded to two decimal places. 

The first principle for adjusting beta weights is to adjust first 
the beta weight for which |rt — fe| is greatest, and adjust it by 
the amount r, — f, = d. An adjustment of the weight for one 
variable will in general affect all the f, values. If we call the 
adjusted values P „ we have 

f     a f + d r 

156 

or f      = f + d r (3) 



I    ! i 

i    I 

sr 

i   i 

This can easily be seen if we expand the terms of equation (2) 
both for vt and re(2). If the adjustment dli is a fairly small amount 
or a round figure such as .05, each correlation in column k of 
the correlation matrix can be multiplied by 6k mentally, the 
product subtracted mentally from the corresponding entry of 
Column III of the calculation sheet, and the difTerencc entered 
in Column IV. Column IV then becomes the column f ... of ad- 

e<2) 
justed re values. A second adjustment can be made on Column IV 
in the same way, and so on. The beta weight next to be adjusted is 
always determined by comparing the column of re values resulting 
from the immediately preceding adjustment with the re column 
(Column I) on the calculating sheet, and not'ng the location of 
the greatest discrepancies. A check upon the accuracy of one's 
mental arithmetic, and upon the accumulation of rounding errors, 
is possible at any point by repeating the operation of formula 
(2) with the most I'eccnt approximation to the beta weights. 
(See Column XVI of sample problem.) 

The composite correlation resulting from any set of weights 
may be computed quite simply. It is given by the following 
formula: 

R = 
V'r. 

or    R = 
SV,r„ (4) 

yV'rV V 2 sV.Vjr,, 

Where V rgnifies the weight attached to a particular variable. 
When the w ''hts V correspond exactly to the regression weights, 
this formula simrlifies to: 

R = y/3'r, or R = ^i/Tr,. (5) 

Using formula (4), it is possible to determine the correlation 
between any set of weighted scores and an additional criterion 
variable. This is frequently convenient in other problems in 
addition to the present one. In the present project, the formula 
can be used to yield a composite correlation at any particular 
stage in the approximation procedure, as well as at the end 
when the approximation has reached the desired standard of 
accuracy, at which point the composite correlation will approxi- 
nate the multiple correlation resulting from true regression 
weights. 

In actual computation, the numerator of (4) is the sum of 
products of a column of the latest set of weights, each times the 
corresponding validity coefficient in Column I. The expression 
under the square-root sign is the sum of products of weights 
times corresponding r, values, i. e., times the validity coefficients 
produced by that set of weights. 
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Although it would be possible to start from uniform weights 
for all tests or from any other set of weights, a good deal of time 
can be saved if a close approximation to the correct weights is 
initially chosen. Kelley and Salisbury suggest starting by giving 
each test a weight one-half its validity cocfllcicnt. However, it is 
believed that with a little practice considerably more efficient 
skills in that regard can be developed. The following suggestions 
represent certain insights from working with the method. 

a. If a set of weights is available from previous data or some 
other source, it can usually be used to advantage as a starting 
point. Thus, if a new set of pilot weights is being computed in- 
corporating new validity data or based on new intercorrelations, 
one would ordinarily take the previous set of pilot weights .as a 
first approximation. 

b. When one is starting from scratch and is working with a 
substantial number of variables, it is usually sound to give about 
half of the tests, those having the lowest validities, a weight of 
zero to start with. 

c. For the other tests, the weights should vary from about 
one-fourth to one-half of the validity coefficient. The highest 
fraction of the validity coefficient is used for the tests which 
have the highest validity coefficients or appear to have low cor- 
relation» with other weighted teats. 

There an one or two tricks in applying corrections to the initial 
weights also. 

a. A purey routine procedure will require that each correc- 
tion be madJ in the exact amount of the discrepancy between 
f, and r«. Experience shows that this procedure is frequently 
likely to insult in overcorrection. If an inspection of the initial 
set of •'» values shows them to be either predominantly too high 
or too low, so that almost all of the indicawd corrections are in 
the same direction, corrections should be made smaller than the 
amount r, — f«. This is due to the fact that, when intercorrela- 
tions are largely positive, the corrections on different variables 
tend to supplement one another. 

b. It is believed that time is saved for the whole operation by 
making most of the early corrections by convenient amounts such 
as .10 or .05. 

A practical advantage of the present iterative method is that 
it makes it very simple to add any desired additional conditions 
to the set of weights one is computing, and then compute the most 
valid set of weights satisfying those conditions. The additional 
condition which was imposed in much of the work in the Avia- 
tion Psychology Program was that no weights should be negative. 
(In this case, weights were corrected down as far as zero, but no 
further correction was made.)   It is also a simple matter to 
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drop out a test or group of tests (give them zero weights) and 
determine what the weights should then be for the rest of the 
tests. Any other desired conditions could be imposed in similar 
fashion. 

The techniques which are described have been criticized as 
suffering from subjectivity in the determination of the order and 
amount of the corrections. It is possible that two computers 
might take the same set of data and come out with two different 
sets of weights, both of which would reproduce the original cor- 
relations to the same fairly close approximation. However, one 
or two instances have shown the weights from this method to 
correspond closely to those obtained by standard Doolittle pro- 
cedures. Any disagreement is not likely to be of practical impor- 
tance. 

' 
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Index 
Academic grades (£<« Grades) 
Administrative actions 

as criteria, 66 
Aggregate weighting (SM Weight) 
Aircrew training 

of psychological personnel, 9 
Analysis of Duties Bulletins. 3, 13 
Analysis of variance (Se« variance) 
Apparatus tests 

apparatus differences in, 131-136 
calibration procedures, 134-136 
control statistics, 136 
examiner difTcrcnccs in, 136 
time of day and score, 137 
values of, 18 

Aptitude score (See Composite Score) 

B 
Battery, Classification Test 

addition of tests to, 80-82 
determination of test weights In, 

76-78 
length of. 83-84 
use  in determining assignment, 

79-80 
Bias 

criterion measures, freedom from, 
88 

Biserial Correlation (See Correlation) 
Bombardier 

criteria of proficiency, 41, 44, 82 
validation of tests for, 27 

Calibration 
procedures for apparatus tests, 

134-188 
Chart 

bar, 98 
correlation, computing, 67 

Check flight 
as criterion, 47 
reliability of, 49 

Circular error 
as bombing criterion, 41 
reliability of, 44, 62 

Clussification 
clinical procedure in, 91-93 
complex vs. simple tests in, 125-127 
multiple cut-off in, 89-91 
significance   of   intercorrelations 

in, 126-127 
theoretical problem of, 93-94 
use of aptitude scores in, 79-80 

Clinical procedure 
as   technique   for  classification, 

91-93 

160 

Combat records 
use in job analysis, 6 
use as criteria, 88 

Composite score 
procedure for determining weights 

In, 76-79 
selection of tests for, 80-82 
use in classification, 79-80 

{Set also: Stanine) 
Computational routines 

regression weights, 77 
test validities, 67-61 

Correlation 
betw^n obtained and true score, 

188 
biserial, 

computation of, 67 
rationale for use, 68-59 
restriction of range and, 68-71 

biserial nhi coefficient, 60 
canonical, 87 
chart for computation of, 57 
dichotomous measure, 59-61 
effect of intercorrelation on mul- 

tiple, 119 
effect of restriction of range on, 

63-72 
Flanagan procedure for comput- 

ing. 24 
in item analysis, 24 
item vs. test. 24 
point biserial, computation of, 67 
significance of in prediction, 119- 

127 
tetrachorie, computation of, 69 

Criterion 
academic grades as, 53 
administrative actions as, 65 
bias, freedom from, 85 
circular error as, 41 
dichotomous, prediction of, 57-61 
empirical vs. rational considera- 

tions in choice of, 31 
factors in evaluation of, 33 
flight check as, 46 
graduation elimination as, 55 
gun-cameras, 40, 43 
immediate, 80 
importance of, 29 
intermediate, 30-32 
levels of, 30-32 
objective scale of flying skill as, 

46, 47 
objectivity vs. subjectivity, 38 
partial, combination of, 87-88 
performance records as, 39-44, 61- 

53 
performance scores as, 44-47 
phase check as, 45 
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ratinga of specific Job samples as, 
47-50 

ratings, summary as, 63 
relevance of, 33 
reliability of, 

31, 43, 44, 47, 4D, 52, 53, 97 
specific, 37-50 
summary, 50-56 
tests as, 33, 39, 41 
trainers as, 42 
types of, 3« 
ultimate, 30-32 

Curtailment (See Range, restric- 
tion of) 

Cutoff, multiple 
assumptions compared with multi- 

ple regression, 89 
practical problems in using, 91 

Descriptive statistics (See Statis- 
tics) 

Difficulty 
item, 23 

E 
Elimination (See Graduation- 

elimination) 
Elimination Board Proceedings 

use in job analysis, 5 
Error variance   (See Variance) 
Examiner 

as source of variance, 136 
Experimental tests (See Tests) 

Factor analysis 
as sowee of behavior categories, 

124 
Flight check 

objective, as criterion, 45 

G-coclficient 
computation of, 68 
results from applying, 69-70 

Gillman and Goode 
G-cocfficient correction   formula, 

68 
Grades 

academic, as criteria, 53 
Grade slips 

use in job nnalys's, 5 
Graduation-Elimination 

as criterion, 55 
Gun-camera 

as gunnery criterion, 40 
reliability of scores, 43 

Gunnery 
criteria of proficiency, 40, 43, 45, 

52 

II 
Hoyt, Cyril 

procedure for reliability compu- 
tation, 111 

I 
Immediate criterion (See Criterion) 
Internal  consistency 

use in item analysis, 23-25 
Interviews 

use in job analysis, 7 
Invention of tests, >5 
Item 

correlation with test, 24 
difficulty, 23 
internal consistency, 23-25 
validity, 61-63 

Iterative proct-dure 
for computing   egression weights, 

77 

Job analysis 
approach to tost development, 16 
evaluation of procedures for, 13 
interviews In, 7 
observation and participation as 

technique  for, 9-11 
review of literature In, 3 
test validities in, 11 
training records In, 4 
use of results from, 12 

Kelley A Salisbury 
iterative procedure for computing 

rcRression weights, 77 
Kuder-Richardson 

procedure for  reliability compu- 
tation, 110 

M 
Motion picture tests 

values of, 18 
Multiple cutoff (See Cutoff, multi- 

ple) 
N 

Navigator 
criteria of proficiency, 41, 44 
validation of tests for, 27 

Objective Scale of Flying Skill 
as criterion measure, 45 
reliability of, 47 

Objectivity 
in criterion measures, 38 

Observation 
as job analysis technique, 9-11 

Partial criteria (See Criterion) 
Participation 

as joo analysis technique, 9-11 
Pearson, Karl 

formulas for restriction of range, 
65-66 

Performance 
objective records as criteria, 39-44, 

51-53 
subjectively   scored   as   criteria, 

44-47 
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Phase cheek 
as criterion 

Phi coefficient 
measure, 45 

use in item analysis, 24 
use in correlation analyses, 60 

Pilot 
criteria of proflciency, 4t 

Point biserial correlation (S«« Cor- 
relation) 

Prcfllght school 
validation at, 26 

Printed tests 
advantages of, 18 

Radar Observer 
criteria of proficiency, 46, 62 

Range, restriction of 
biserial correlation and, 68-71 
correction formulas, 64-68 
effects of, 66, 69-70 
G-cocfflcient in, 69-70 
multiple, 67 
problem of, 63 

Ratinga 
of specific Job samples, as cri- 

teria, 47-50 
reliability of, 49-50 

problems in evaluating reliability 
of, 116 

summary, as criteria, 53 
Rational considerations 

in choice of criteria, 31 
in determination of test weights, 

85, 87-88 
Records, training 

use as criteria, 50-56 
use in Job analysis, 4 

Reeve, E.' 
formulas for correcting for cur- 

tailment, 67 
Regression weight  (S«« Weight, 

regression) 
Relevance 

of criterion measures, 33 
Reliability 

computation by variance analysis, 
110-111 

computation from rctest, 106-109 
computation from subdivided test, 

109 
formulation of concept, 100-105 
Hoyt, 111 
Kudcr-Richardson, 110 
of criterion measures, 34, 43, 44, 

47, 49, 52, 63, 97 
of experimental tests, 21 
of psychomotor tests, 112 
of ratings, 116 
of speeded testa, 112 
of tests involving d.scovery, 113 
operations for determining, 106-111 
relation to analysis of variance, 

100-105 
significance of in criterion evalua- 

tion, 97 
in test analysis, 98-100 
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Spearman-Brown correction for- 
mula, 110 

when  result of  performance  is 
known. 115 

within vs. between missions, 117 
Restriction of range (S<« Range, 

restriction of) 

Scoring formula 
choice of  to maximize  validity, 

72-75 
Seating 

as source of variance in test score, 
137 

Selection 
complex vs. simple testa In, 121- 

123 
distinguished from classification, 

120 
importance   of   intercorrclations 

in. 121-128 
multiple, 123-125 

Spearman-Brown 
formula for correcting reliability 

coefficient, 110 
Specific criteria (See Criterion) 
Stanine, 64, 81 

(See also Composite Score) 
Statistics 

apparatus control, 136 
descriptive, 95 
unit control, 129 

{See a/so Battery, Computa- 
tional routines. Correlation, 
G-Coefficient,  Item  analysis, 
Phi coeffirient. Range. Relia- 
bility. Validity, Weight) 

Subjectivity 
in criterion measures, 38, 48 

Summary criteria (Sea Criterion) 

Test development 
approaches to, 16 
steps in, 20 

Test Idea Form, 15 
Tests 

addition to battery, 80-82 
apparatus, reliability of, 112 

values of, 18 
as criterion measures, 33, 39, 41 
basis for inclusion in battery, 80- 

82 
complex  vs. simple in selection, 

121-123 
in classification, 125-127 

determination   of   reliability  of, 
106-111 

experimental 
construction of, 20 
item analysis of, 22-25 
preliminary administration of, 

21 
preliminary analysis of, 21 
revision of, 22 
validation of, 22, 25-28, 84 
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Invention of, 15, 20 
media tor, 17 
motion picture, values of, 18 
printed, advantages of, 18 
reliability statistics in evaluation 

of, 93-100 
scoring formulas for, 72-75 
speeded, reliability of, 112 
suppression, 78, 120 

(See also Apparatus tests, 
Battery, Reliability, 
Validity) 

Tetrochoric correlation (See Cor- 
relation) 

Time of day 
effect on test score, 137 

Trainers, synthetic 
as criterion, 42 

Training research 
administrative problems in, 143 
criteria of proficiency in, 145 
definition of problem in, 140-143 

Trait analysis 
approach to test development, 16 

U 
Ultimate criterion (See Criterion) 
Uniqueness 

as factor in evaluation of tests, 
99 

Units 
Psychological Research, difTcrcnce 

between, 129 
V 

Vixlidatlon 
for bombardiers and navigators, 

27 
groups used for, 25-28 

item, 61-63 
of experimental tests, 22, 25 
size of group for, 27 

Validity 
additional   resulting   from   new 

test, 81 
combining   data   from   different 

sources, 84-85 
differential, 125 
effect of apparatus differences on, 

133 
effect of examiner differences on, 

136 
item, 23, 61-63 
reduction by error variance, 133 
scoring formulas maximizing, 72-75 
test, computational routines, 67-61 
use of data °n Job analysis, 11 

Variance 
analysis of and computation of 

reliability, 119-111 
analysis of in relation to concept 

of reliability, 100-105 
apparatus as source of, 131-136 
between units, 129 
error in test scores, 128-139 
examiner as source of, 136 
sources of in test scores, 101-105 
time of day as source of, 137 

W 
Weight 

aggregate, 77-78 
determination   without empirical 

data, 85-86 
rational  considerations in selec- 

tion of, 85, 87 
regression, computation of, 77 

negative, 78 

AU. S. GOVERNMENT PHINTING OMICE:  IW-TOMH 

1 

- 

163 


