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AVAILABLE TESTS AND THEIR USE IN RESEARCH

IN VOCATIONA™ EDUCATION
Margaret L. Crawford, Ed.D.

Introduction

iv is a rare privilege to meet with such a distinguished group of

3 . : T vy ot Pl Qo t L . m__a 3
adusstore and ta DATTIMIDATE WILHN Vou il ULnisS Seminar on Tests and
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I

’Meaéurements at Colorado State University.

The selection of students for vocational training is a matter cf
great concern and it is most encouraging that you are directing your interests
to this problem. As you pursue your research studies and as you prepare
tomorrow's leaders in the teaching fields, your point of view, your decisions
and your influence in this vital aspect of vocational training can affect
decisively the outcome of vocational selection for many years to come.

The materials I am presenting to you today are based upon some fifteen
years of tzsting and research in the selection of students for vocational
education at Los Angeles Trade~Technical College. Using a core of standar-
dized tests, we have developed aptitude test batteries to assess ithe
potential of applicants for some fifty-five trade~technical and business
curricula. Our sxperience indicates that the IQ tests so generally used
in the elementary and secondary schools and the scholastic achievement tests
so generally used in combination with high school grade point average to
predict college achievement are not the best predictors for success in

vocational classes. They appear to be of limited value in the selection of

vocational trainees.

Our research leads ug to the eoncliusion that measurement of individugl
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traits and separate factors of intelligence followed by empirical combination
of these measures into aptitude test batteries specifically designed and

weighted to predict success in specific areas of training within a specific




institution is a far better approach to the problem. This is a plea, then,
for trait and factor theory as the basis of the selection of students for
vocational training.

Industry and educational institutions row using standardized group
tests as an economical and practical method of selecting potentiszl trainees
have the test-makers of World War I and I vo uiank for the devaionment of
such instruments. During World War I, these early workers, taced wiin Liic
problems of testing thousands of recruits daily, devaloped the idea of
administering standardized tests in a group situation. From this work has
stemmed a continuing production of hundreds of standardized group tests of
intelligence, aptitude, personality, interest and special abilities.

It was formerly considered sufficient to know & man's score on one of
the "intelligence tests" in order to predict his success in 2 trade field.
Minimum standards of the time were a Binet mental age of 14, a score of 26
on the Otis Higher Ability (20 minutes), an Army Alpha score of 63 or an

Army Beta score of 70, and a Stanford Binet of 92 for average trades and of
84 for the trades of a less demanding nature.

Workers in the field of testing and counseling have long been concerned
with the labeling of adolescents on IQ tests when observation has shown that
many of those persons discriminated against by the verbal facility required
in these tests, can actually perform at a high level of skill in such non-
verbal areas as dexterity, ability to see details, make judgments and
visualize sbjects. Certainly the ability of a great surgeon depends in large
part upon some of these same skills. What is intelligenscs, then?

Some light was thrown on the subject by the work of Spsarmen, who

hypothesized a central core of knowing and seeing, a General Factor or G

Factor of intelligence plus an unknown number of specific factors.




Later, Thorndike postulated three intelligences - not just one -
}L. differentiating among abstract, mechanical and social intelligences. This
work still hypothesized a group factor of mental organization.
Some eighteen years ago a most thought-provoking report was made in

ﬂ, the area of defining intelligence. It grew out of the work of an eminent

“ group of psychologists, psychiatrists and psychoanalysts during World Wa:' II.
T I refer, of course, to the report by ths 0ffice of Strategic Services called
the "Assessment of Men". The 0.5.S. Stalf would correiate the "term

intelligence with the effectiveness of any system of mental functions'.

?? They would "designate the nature or purpose of each distinguishable system

-i'g by an appropriate adjective such as aesthetic intelligence, social intelligence,
scientific intelligence, administrative intelligence". They would then
"designate by a sultable term each separate function that is involved in
the operation of each system such as observational ability, evaluative

ability, interpretive ability, memory ability, conceptual ability, imaginative

is; of course, an extencion of the ideas of Thoerndike, and this
broad concept of the intelligences of man along with the advent of factor
analysis techniques, has led to the rationale behind trait and factor theory
and the development of uni-~factor tests of relatively pure abilities by
distinguished workers in the field, notably the Thurstones, Guilford,
Flannagan, King, Ruch, those associated with the U. S. Civil Service, the
Armed Services and others.

Hahn and MacLean in their book General Ciimical Counseling have further
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aralyzed five of these intelligences. They deal with academic, mechanical,
social, clerical and aesthetic or artistic intelligences. The clusters of

abilities related to these systems appear to be:




Academic

Mechanical

Artistic

Clerical

-

Ability ‘o understend and manage ideas and symools - varying
occupational levels include the professions, executives,
technical, clerical and supervisory, skilled trades and lower

tevel clerical workers.

Ability Lo manipulate concrete objects, to work with tools

and rachinery and materials and to deal mentally with mechanical
mevements - dexterity, spatial visualization, reasoning, visual
acuity (in some cases color vision) and interest in meclaidical
things seem portinent. Varying occupational outlets range

from high level technology and engineering through the
technical, skilled trades and unskilled levels.

The capacity to create in art forms and to recognize the artistic
value of created forms. Such abilities as eye-hand coordinastion,

visual acuity and depth perception, spatial visualization,

[ Y S ey AP amaam ] 1 :
reasoning and a sense of propertion seem indisated. Color
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sensitivity may be involved. Vocational outlets range from
creative artist through illustrator, fashica designes,

draftsman, landscape gardener, potter and weaver, among others,

o= o

The ability to rapidly and accurately check details, measure,
classify, record, proofread materials and compute using
mechanical devices and data processing equipment. Vocational

outlets range from accountants, secretary, bookkeeper,

Slenographer, calculating machine operator to file clerk an

general coffice assistant.




Social - The ability to deal successfully with people, to understand and
be sensitive to their needs, and to initiate procedures for
managing people which incorporate the principles of good human
relations. Levels of vocational outlet include politicians,
religious leaders, social service workers, executives, physicians,
salesmen and clerical personnel rssponsible for information

SSIv4ilES.

The 0.5,S. Staff has warned that "if it (intelligence) be confined in
its application to a particular kind of mental ability (such as academic,
abstract and scholastic) the social consequences of this development may be
considerable", The idea that there is only one kind of intelligence and the
placing of value alone on the power to handle verbalization and abstraction
of the sort that point only to reading books, writing reports, and success
in the formal education pattern leads toward an intellectual aristaerasy,
in the opinion of Dr. Malcolm MacLean in his article in Education on
"Intelligences - Not Intelligence - Implications for Counseling", Dr. MacLean
sees this philosophy of the Great Books people as leading to the collapse of
democracy and control. over the masses of men by the scholastics and - for
counseling - a return to the old "academic minded" and "hand minded" dichotony.

The same writer states that "if the 0.S5.S. concept of many kinds of
intelligences, each supported by multiform clusters of supporting abilities,
interests, attitudes and value systems is accepied, we get a sharply different
social consequence. Here lies the road to true democracy". The »souli of
this philosophy is that every man's talent would be developed to its fullest

for his personal satisfaction and greatest service; that we would cease to

compare the incomparable such as the value of a good surgeon as against the
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value of a good mechanic instead of cemparing one surgeon with another,
or one artist with another artist, and lastly, we would cesse, on the basis
of the notion of a single intelligence, to credit universal wisdom in all
matters to the wearers of the Phi Beta Kappa or Sigma Xi key. Rather, we
would give deference to the ideas of these cutstanding men according to
their accomplishments and their prunouncements in the fields of their
research,

We have a long way to 2o in our testing for these special abilities.
At present, the percentage of these tests to the total tests in Buros is
still small. But change is coming - work is going forward in the imaginative
or creative thinking field. As Dr. MacLean points out, "We must incessantly
work at the idea of intelligences rather than intelligence, going through
finer and finer differentiation at the same time that our main job must always
be the synthesis and integration of these manifold factors in the main job

of assessing and helping human beings,"

Aptitude Testing

In 1950 Los Angeles Trade-Technical Collegs began & testing and guidance
program based upon the approach that man possesses many different kinds of
intelligences and that these intelligences are identifiable and measurable by
standardized tests of relatively "pure" abilities. Using job analysis, the
necessary intelligence factors for success in specific occupations are deter-
mined. Aptitude tests measuring these specific factors are combined then
into aptitude test batteries to assess an individual's potential for specific
occupations.

During the last fourteen years Los Angeles Trade-Technical College has
developed and validated such aptitude test batteries for some fifty-five
trade and technical curricula. Testing over 8,000 applicants annually, norms

are now of considerable size. The test batteries are derived from a core of
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twenty-one separate tests measuring various factors, Batteries are constantly
subject to check, revision and improvement.

As an example of the program, let us take the development of the aptitude
test battery used for the selection of Electronic Technicians. Job analysis
revealed that the technician inspects and fits parts, makes calculations,
reads prints and schematics, trouble shoots and works with others on a team.

A check on the nsychological factors involved in successful performance
revealed thet measurement of verbal ability, space visuvalization, numerical
facility, reasoning, dexterity and certain perscnality traits might be
indicated. An experimental battery was administered to incoming traiunces.
Such a battery will contain more tests than the final battery developed
from it.

Upon completion of the training period, instructor ratings of student
performance in the course were correlated with aptitude test scores. The
factors chosen for the final battery were those showing the greatest rela-
tionship with the teacher ratings and the least correlation with each other.
Beta weighls are determined by the Doolittle method and a conversion table
changing all possible raw scores to standard weighted scores is developed.

A percentile table is developed based on the total battery scores of the
experimental groups, and ratings of high, middle and low are determined from
above the 66th, between the 66th and 33rd, and below the 33rd percentile
respectively. The cutting score is the 33rd percentile. Using the scores

of fifty-five students, the following factors were selected for the final

battery:
Science Research Associates, Mechanical Aptitudes . . L
) S - 5 e bis &>
onop Arithmetic
Guilford-Zimmerman Aptitude Survey, Part 6 Tpig b3
Spatial Visualization
Progressive Matrices This .43

(Non-speeded and non-verbel reasoning)

Primary Mental Ablilities r .38
Word Fluency bis -3
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This aptitude test battery administered to begzinning students and requiring
one and one-half hours of testing time, was found to have the correlation
Multiple R .68 between the total battery scores and performance ratings of
class achievement as determined by grades at course completion.

The selection process used involves both the testing program and an
applicant-instructor-counselor interview. In the latter such factors as
health, age, work experience and training are considered. In general, those
applicants are accepted for training who make a total battery scors gguivaisnt
to a total battery score at the 33rd percentile or above based on norms
developed on the experimental egroup. Those applicants scoring below this
cutting point are referred for further counseling. Such applicants are
encouraged to investigate other offerings of the college more consistent with
their abilities. Some may be counseled toward adult education classes to
improve basic skills and then return for retesting at a later date. Each
person tested receives the benefit of an individual review of his test results
through the interview with the counselor and an instructor teaching in the
curricula for which the applicant has tested.

The testing and guiclance program at Los Angeles Trade-~Technical College
has been successful., Teachers feel that they are getting "better" students;
they know more about the potentials of their students (the files are open to
them while working with a counselor); there are fewer class interruptions;
dropouts have decreased materially and criticism of discrimination is prac-
tically non-existent.

The counseling service is available to those who have chosen an occu-~

pation, to those who have not yet discovered their vocational interests and
to those who find it necessary to retrain for another occupation.
Our experience leads us to believe that this method is valid for

selecting vocational students. Cross-validation studies reveal that similar




intelligence factors are predictive of success in similar courses offered at
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STheT insSULiTuvio: However, while norms on individual tests are useful from

school to school, the weightec total battery score will be useful only in tbe

+“‘

ptained due to variavility

in eriteria.,

The following velidity studies made on the aptitude test batteries and

the tests found tc be predictive are presented for your consideration.
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10S ANGELES TRADE-TECHNICAL COLLEGE
GUYDANCE DEPARTMENT
January 1964

SIGNIFICANT CORRELATIONS
APTITUDE TESTS AND INSTRUCTOR GRADES

AIRCRAFT MECHANIC N = 119 Test Correlation
Primary Mental Abilities Tbis
Verbal . 19%
Space e 29%%
Reasoning « 29%%
Word Fluency W21%
Progressive Matrices . 38%%
SRA Mechanical Aptitudes
Shop Arithmetic . 26%%
Guilford-Zimmerman Aptitude Survey
Part 6 - Spatial Visualization ¢ 38%%
Part 7 - Mechanical Knowledge . 34%%
Guilford-Zimmerman Temperament Survey
'M' Factor . 28%%
Battery Used:
Progressive Matrices
SRA Shop Arithmetic
G-Z Spatial Visualization
G-Z Mechanical Knowledge
PMA Verbal
Validicy Check:
N 2 124 Aircraft Power Plant Mechanic Thig » 33%*
N = 119 Aircraft Airframe Mechanic Thig « 38%%
Level of significance *¥% 17, % 5%
AUTO MECHANIC N = 201 Test Correlation

‘Correlations adjusted for restriction

of range on N 2052.)
Army General Classi’ication Test

M
Arithmetic 32.0
Blocks 30.0
Guilford-Zimmerman Aptitude Survey
Part 4 -
Prvnanntenl Qanand 20 J.
S VLW LU L, LSPTTW wiJe ™
Part 7 -
Mechanical Knowledge 34.5
Validity Check N = 201
Other significant tests: Industrial Psychology Memory 32.6
AGCT Verbal 25.1
G-Z Part 5, Spatial Orientation 17.1

10.97
7.51

9.18




BODY AND FENDER REPAIR N

115 Test

(Correlations corrected for
restriction of range on N = 957)

Dexterity - Coordination of both hands

Guilford-Zimmerman Aptitude Survey

Part 4 - Perceptual Speed

Damanss 7 Mambhwmen2 Y 7. 13
‘daii /7 T ouaculallledl dlidwiedge

SRA Mechanical Aptitudes
Shop Arithmetic

Army General Classification Test
Biocks

Minnesota Revised Paper Form Board

Correlation

Note: Color test is used as a separate cutoff
score and is not included in the total
battery score.

Validity Check N = 115 This .33%%
. CHEF TRAINING N = 113 Test Correlation
M o Tbis
Army General Classification Test
Arithmetic 28.1  7.90 «59%%
Blocks 25.1 8.20 ST %%
Guilford-Zimmerman Aptitude Survey
Part 4- Perceptual Speed 32.8 14.0 . 37%%
Guilford-Zimmerman Temperament Survey
'F! Factor 16.8 5.32 W21%%
Correlation: Total Battery R .65
OFFSET PRESS N = 80 Test Tbis .55 Correlation
Validity Check
Tbis
Dexterity - Assembly of Small Objects 37%
Guilford-Zimmerman Aptitude Survey
Part 4 -~ Perceptual Speed .39
Progressive Matrices .31
Army General Classification Test
Blocks .52
Industrial Psychology - Factored Aptitude Series
Memory «25
Farnsworth-Munsall 100 Hue Test of Color Vision
(Error Score) -.48
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Experimental Group !
E  COSMETOLOGY N=57 R.7 Test Correlation -

B2 bis
Progressive Matrices 43.8 7.7 .31
Graves Design Judgment 52.3 14.3 22
Farnsworth-Munsell 100-Hue
Test of Color Vision (error score) 32.2 24.8 -.29
Primary Mental Abilities
Verbal 33.7 8.0 47
Space 17.8 10,7 27
Reasoning 14.4 5.5 .29
Number 21.4 9.4 45
Word Fluency 48.0 14.6 .34
Guilford-Zimmerman Temperament Survey
'G' Drive 17.8 5.7 48
'P' Personal Relations 15.9 5.9 .33
Dexterity ~ Preferred Hand 63.5 5.6 .36
Validity Check N = 163 r.45
ELECTRONICS TECHNICIAN N = 55 Test Correlation
(Corrected for restriction of
range N = 621)
Significant Tests: M 6 Thig
SCAT Quantitative 29.2 8.99 25%.
Pcogrexsive Matrices 43.4 7.45 G3%%
Guilford-Zimmerman Aptitude Survey-Part 6
Spatial Visualization 26.1 10.74 «35%*
SRA Shop Arithmetic 10.6 2.89 «33%%
PMA Reasoning 13.8 5.12 .28%
PMA Word Fluency 43.0 11.03 «38%%
Battery

Matrices, G-Z 6, Shop Arithmetic, Word Fluency
Correlation: Total Battery R .68

FASHION DESIGN

Guilford-Zimmerman Aptitude Survey
Part & - Perceptual Speed
Part 5 - Spatial Orientation

Revised Minnesota Paper Form Board

Graves Design Judgment

Farnsworth-Munsell 100-Hue Test of Color Vision
Varnum Selective Art Aptitude

Tone (Color Value Perception)
Proportion

Validity Check r_ .53 N = 113

t




Validity Check

MACHINE SHOP N = 378 Test Correlations
M ng
Guilford-Zimmerman Aptitude Survey
Part 4 - Perceptual Speed 40.0 9.65
Part 7 - Mechanical Knowledge 33.2 9.40
Dexterity - Preferved Hand 62.1 6.24
- Assembly of Small Cbjects 30.7 5.16
Army General Classification Test
Vocabulary 25.7 7.41
Arithmetic 32.1  © 9.82
Blocks 29.9  75.95
Validity Check #2
MACHINE SHOP N = 69 M o~
Guilford-Zimmerman Aptitude Survey
Part 4 - Perceptual Speed 41,7 11.44
Part 7 - Mechanical Knowledge 31.9 8.69
Dexterity - Preferred Hand 62.1 5.65
Army General Classification Test
Arithmetic 32.6 6.36
Blocks
Guilford-Zimmerman Temperament Survey
"A" Ascendence
"0" Objectivity
"E' Emotional Stability 19.4 4,91

Battery:
Perceptual Speed
Mechanical Knowledge
AGCT Arithmetic
Temperament "E"; Dexterity Preferred Hand

Correlation: Total Battery R .75

MECHANICAL DRAFTING N = 66

M o~

Guilford-Zimmerman Aptitude Survey
Part 6 -~ Form A ' 27.8 13.76
Progressive Matrices 48.2 5.33
Factored Aptitude Series 'Memory" 37.9 9.43

Cooperative Mathematics 'Skills®

Correlation: Total Battery R .48%%




' POWER SEWING

Guilford-Zimmerman Aptitude Survey

i
Pa 4 - Perceptuai Speed

Dexterity - Coordination of both hands
Revised Minnesota Paper Form Board

Industrial Psychology - Factored Aptitude Series- Blocks

Validity Check re .53 N = 155

RADIO AND TELEVISION SERVICE

Guilford-Zimmerman Aptitude Survey
Part 4 - Perceptual Speed
Part 6 - Spatial Visualization
Part 7 - Mechanical Knowledge

SRA Mechanical Aptitudes - Shop Arithmetic
Industrial Psychology
Factored Aptitude Survey - Memory

Validity Check rpig.40 N = 62

TECHNICAL ILLUSTRATION

N = 252

Progressive Matrices
Graves Design Judgment
Revised Minnesota Paper Form Board

Guilford-Zimmerman Aptitude Survey
Part 5 - Spatial Orientation
Part 6 - Spatial Visualization

Guilford-Zimmerman Temperament Survey
'T' Factor

Primary Mental Abilities
Reasoning and Space

Validity Check Thig -46

VOCATIONAL NURSING

Note:

=
(<Y

| =

California Achievement Test
Form 'W' - Total Reading 78.1

Progressive Matrices 36.1

Guilford-Zimmerman Temperament Survey
'G' Factor - General Activity 18.4

Correlation: Tectal Battery R ,58%%

Cutoff of 11.5 Grade Placement in Vocabulary
used to refer to Remedial English.

o'~—

17.80

8.50

3.50

Tbhis

43%%

.28%

L8k




selection of trainees in Restaurant Management. Plastics Teehnieian,
1.-* Metallurgical Technician and several Business fields, ineluding Office
Machines, File Clerk, Clerk-Typist and Business Data Processing.

The Metallurgical Technician battery developed by Mrs. Jean Gleis,
Research Counselor, L.4, Trade=Tech College, 1s composed of five variables.

g ; Multiple R was .83 for a sample of 30 students completing training using

theory grades as the critericn. Ths following experimental batiery was

v, ¥ used L

-
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METATYURGICAL TECENICIAN
COMPUTAZION OF THE BATTERY

_ EXPRRIMENTAL BATIERY

Tast Pearson Product=Moment
Correlation Coefficients
r
Guilford=-Zimmermsn Aptitude Survey
IV - Ferceptual Speed .2699
Vi = Spatial ‘Tisualization o5598
VIiI - Mechanical Knowledge .398&
Dexterity
Preferred hand (Pn insertion) ,0813
Cther hand 1" i 0245
Both hands n n 0036
Assembly - 40353
Ravents Standiard Progressive Matrices .6837%*
Minnesota Paper Form Board (15 minutes) BT
*Guilford-Zimmerman Temperamert Survey
Rhythemia 02304
Ascendance «1633
Emotionel stebllity 01235
Objectivity 01022
Friendliness 0175
Personal Relationsi o 2861
(G, S, T and M not. computed)
SRA Primary Mental ttiilities
Verbal o 54097 *
Space 02224
Reasonirg WA
Numbez® o 5275%%
Word Fliency 02324
Cooperative Math Skills Section, Grades 7,8,9 .Shzfﬁé

'"’Significcmt al 1% level  (r o463 or greater;
*signifdcant at 5% leivel  (r o361 or greater




, CONVERSION CHART

METALIURGY N =30
Effective March 1965

-
Wed ght.ed .
: Standard GZ VI IF'IJ.nn.Bz:?gr
E Scorea Spatial orm [ A Coope Math
# M= 20 Visualization (15 Minute) Verbal Gradzs 7,8,9
B }_Conyerted Score Eqrm R JMatrix I Rights Only
{ 32 63 == 64
] 20} {‘l q&%-&; Y
_29 58 == 59 56 e 57 :
.28 57 == 54 5 == 55
27 55 = Sb bl == 53
26 53 -; 352 49 "_jg
25 +_&§ = .
- 2% 39 =10 1 50 =49 I L5 L5
23 3L == 38 == L1 = L3 Ll == 50 38 == 4l
31 22 22 == 30 — 39 == 40 37 ==l3 3] == 37
g L 21 L =2k Moo= L3 1 30 == 38 30 =30, == 30
20 11 - 16 42 == L1 34 == 35 23 == 29 17 = 23
i 19 0 = 10 L0 3l =232 15 - 22 10 = 16
: 18 Below O _39 == 38 29 == 30 8 == 1L )
17 7 == 3 27 == 28 1= 7 Q= 2
16 35 == 3k - 2y == 26 L0
>‘; —ls }Bi-B% ?-213— - A ————
ﬁ 29i 1 'L'ljs — 18 1
. 12 28 == 27 U = 16
s 11 26 = 25 12 == 13
¥ 10 2 == 23 10 = 11
. 9 22 == 21 [ == G
" 8 m L— 6—— R
. 6 16 — 17 0 — _
} 2 —t % — —
: L = S——
. 3 5= T
: . 7 2 8
. 1 —
. 0 5 e= & — -t
{ - 1 —~3- — 1!' A p—g—
o ,!— -2 l — & l
-3 0 |
Total Battery Rating
Additional. Testing for Research High Third 104 and above
(2 IV, Perceptual Spsed Middle Third 97 103

Iow Third 80 96
Below Class 79 and below




A study of the correlations and intercorrelations suggested that the

Lol =2 P55t ST - PO | % + 1 L 33 LI - — PO Py - o T et 3
foliowing variables wouid be the most prediciive im combinaticn with eech

font

other. (The Betas were developed using the Wherry-Doolittlie method.)

Test Variaile Mean Sigma Beta r
‘Progressive Matrices £1.97  6.52 3587 6837
Revised Minnesota Paper Form Board 34.60 8.65 .354,1 «679L3%

(15 minute)
Guilford-Zimmerman 18,33 12.88 .1027 . 5598

Aptitude Survey, Part 6,
Spatial Visualization

Cooperative Mathematics 20.33 8.90 .1319 o HL 213
Grades 7,8,9, "Skills"

S.R.A. Primary Mental 25.87 10.34 .,1408 o 54093k
Abilities - Verbal

Multiple R was .83 (N = 30)

The raw scores of the experimental group were converted to standard
weighted scores using the conversion chart from the formula X — M (B)(10) + 20
giving an average standard score of 20 for each factor. The ﬁ;tal battery
score for each student in the experimental group was found by adding the
converted standard score on each factor. Percentiles were developed from

these total battery scores. Cutting point for entrance was determined to be
a battery score of 97 (the 33rd percentile).

In the Business fields the following batteries have just been completed:
Typing, Filing and Office Machines,

Ue: « available data from Metropolitan College, (Metropolitan College
will be merged with Los Angeles Trade-Tecknical College as a Business Department
of the college in July, 1966) a study was completed by Margaret De Nevers,

Research Counselor, entitled "Ilie Predictive Value of Different Ability Measures
for Success in Selected Business Subjects" in August, 1965.

,
:
:
)
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DAT Absiract Reasoning, and twelve scores from the complete GATB (raw scores).
Criterion variables were GPA in the following areas: typing, filing, office
machines, shorthand, secretarial science, general business, total GPA in all
courses, and age. The total number of subjects was 121. After a study of
sample size, three sub-groups of typing (N = 80), Office Machines (N = 61),
and Filing (N = 60) were chosen for study. A small group of shorthand
students, N = 21, was also studied.

Results indicated that quantitative skills as measured by the SCAT,
appeared to be better predictors than verbal skills for the areas of typing,
filing and office machines. Results also indicated that the shorthand group
may be more verbal than the other groups studied.

The abstract reasoning factor was found to be an important predictor
in the filing area and there were some indications that this factor might
be important in other areas as well.

With respect to the GATB raw scores, the best overall predictors seemed
to be the computation and arithmetic reasoning tests., There was some indica-
tion that the name comparison test might have some general predictive value,
while the vocabulary test was an important predictor for the area of filing.
The three-dimensional space test had comparatively little predictive value
but it seemed possible that a two-~dimensional space measure might be more
appropriate for the business areas. Tool matching, form matching, mark
matching, and the dexterity tests of placing, turning, assembling, and
disassembling had comparatively little predictive value for the areas studied.
It seemed possible that a different measure of dexterity might be predictive.

The relevant data are presented in the following tablas.
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The preliminary study was used as a guide in setting up experimental
batteries for the selection of trainees for Filing, Typing and Office Machines,
to be enrolled for the summer session 1966 and the fall semester of the

school year 1966-67. A large number of test factors were administered to

. - . < Ad dle 3 _ oL
beginning classes in these areas in 5. At tans end of the

semester, test scores were correlated with instructor grades. Following a
study of the correlations and intercorrelations, aptitude test batteries
were developed for each of the areas according to the procedures previously
described. Results validated the results of the earlier study.

It was found that quantitative skills as measured by the SCAT were more

predictive than verbal skills, although both correlated with grades in Filing.

Machines, The DAT Language Usage, Part I, Spelling, suggested by the earlier
study, was found to be predictive in the areas of Typing and Filing. Perceptual
Speed and Visual Speed and Accuracy were also indicated in Typing and Office
Machines respectively. The dexterity of the Preferred Hand was found to
correlate highly with typing skills.

The following batteries were developed with their conversion charts and

battery ratings according to the procedures previously described:

Iyping N =49

Test I Yariance
Dexterity . 5g 2%
(LATT test,both hands)
DAT Language Usage

Part I - Spelling 8% 12%
SCAT Quantitative oLyt 9%
Guilferd-Zimmerman
Aptituie Survey

Part IV-Perceptual Speed  .36% 3%

Muliple R = ,70
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Filing N =26

Test r Variance
SCAT Quantitative . 533 16%
SCAT Verbal 3% 114
DAT Part 5
(Abstract Reasoning) WAk 9%
DAT Part I
Language Usage
(Spelling) v .26 %

lultiple R .61

Office Machines N =46

Test r Variance
SCAT Quantitative WSS 17%
DAT Part 6
(Abstract Reasoning) L0 %

Employee Aptitude
Survey, rart 4

(Visual Speed and Accuracy) .21 3%
Multiple R .52

Present computer hardware makes the statistical work in setting up or
validating the batteries comparatively easy. In our original studies,
vhere all work was done with the desk calculator, the work was considerable.
We have used a program for the IBM 1620 which provides us with the £X, & X2,
and the correlations with the criterion and intercorrelations between
independent variables for 25 test factors. From these we have computed
lMeans, standard deviations, set up cur intercorrelation matrix, chosen our
trial batteries, developed our Beta weights using the Wherry-Doolittle
method, and computed R and developed the conversion charts and percentiles

for locating our battery ratings and cutting scores.
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Later work using programs available for the Burroughs 5500 gave us a
multiple correlation program and a step-wise multiple regression equation
program providing the best possibie combination of variables and the solving
of the Betz weights concerned. We also have a program for handling the

data relative to setting up the conversion chart using the formula;C score =

XE? (B)(10)+20 (previously described). In actual practice, ii would seem
more economical to develop a program specifically tailored to the needs
related to setting up the batteries. Ve would suggest inspection of the
intercorrelation matrix and the pertinent correlations with the criteria
followed by a tentative selection of variables for the battery and a program
for the Wherry-Dcolittle method which would develop the needed Betas and
reproduce R. This should be followed by a program for ihe converted standard
weighted scores used in the conversion chart. Conceivably the work of

cutting cards and carrying out the computatioﬁs could be easily accomplished
in the same day.

This formalized method has been used to develop aptitude test batteries
for some fifty-five different trade and technical curricula offered at the
college. Some of these are more successful than others. We have been par-
ticularly successful in predicting in the mechanical fields and in some art
fields.

Those areas where personality factors are critical, cause difficulty
due to problems with criteria. A further problem is the subjective nature
of the personality tests combined and high weightings of these variables in
a battery caused by the low intercorrelation between personality test scores
and ability scores. We need to use caution in these areas. Vocational
nursing is a good example cf this problem. HMany studies of nursing aptitude

show strong correlations with the theoretical part of the occupation
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but little correlation with work in the wards. Nursing examinations are
highly vertal and tenc to stress reading comprehension and academic abilities.
Work is being cone in the area of vocational nursing. We are sorely in need
of such studies.

We have dorie cross-validity studies in the fields of aircraft mechanics
and cosmetology. In general, the same test factors are predictive. We
found that the weighlings of the factors will vary, due to differences in
the criteria. We would hold with Cronbach, who states that "group factors
hold only when regresision equations are constructed about the criterion in
a single institution'. Super has said that "a battery of tests measuring
relatively pure factcrs can be normed and validated for a great variety of
occupations and for a great variety of curricula, and a given student's
promise for a large number of fields can be appraised in a relatively brief
testing session, at least in the institution in which the validity (regression)
data are obtained," and further, "the tools (which the multifactor test
batteries make available) ére potentially the most useful but also the most
complex we have had.” We would agree.

I would like to present to y&u some of the tests from the core of some
21 tests in use in the development of our batteries. In general, they are
standardized group tests. We clo use two individually administered tests -
one is an adaptation of the pegboard for dexterity testing. J  snsists of
a board 18" by 24" scribed in the middle with 5 vertical rows of 20 holes
per row on each side. Three small cups are located at the top of the board.
The center cup contains small aluminum washers and the two cups at either
side contain small aluminum rivets. The test consists of four par*s. Timing
for each part is 2 minutes. The test measures dexterity of the preferred hand,

the other hand, the coordination of both hands, and the assembly of small objects.




We measure separately the number of pins for the right hand, the left
hand, and both hands together. Then using both hands, the applicant makes
an assembly of the rivets and washers, placing them in the holes on alter—
nate sides of the board. This type of pegboard test allows for more testing
time for each part than usual, and measures larger movement than the con-
ventional pegboard test. The pegboards are made at the college. We would
be glad to furnish specifications for making the boards and the standardized
procedures upon request.

The other individual standardized test is the Farnsworth-Munsell 100-Hue
Test, of Color Vision. It is available through the Psychological Corporation.
The test is untimed. It consists of four boxes of 82 small plastic discs
covered with tinted paper comprising a color wheel. These are arranged by
the applicant in a graduation of color changes according to small differences
in the color samples. The test is of exceptional value in such areas as
Offset Press (matching inks) and Costume Design (matching fabrics). The
following group tests are used:

1. Perceptual Speed -~ Guilford-Zimmerman Aptitude Test Survey,
Part 4

Ability to see details quickly and accurately.

2. Spatial Orientation- Guilford-Zimmerman Aptitude Survey, Part 5

Ability to relate oneself to an object spatially.
This is of use in aptitude for working cn
machinery, reading blueprints, visualizing
routes for cables-electrical maintenance and
dress design.

3. Mechanical Knowledge- Guilford-Zimmerman Aptitude Survey, Part 7

Ability to understand the uses of tools and
interest in mechanical things.

he Spatial Visualization-Guilford-Zimmerman Aptitude Survey, Part 6
Ability to visualize moving objects.
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5. Ammy General Classification Test, Civilian Edition =~
Verbal, Arithmetic and Blocks - separate part scores.

6. Primary Mental Abilities. Verbal, Space, Reasoning,
Number and Word Fluency Factors - separate part scores.

7. Design Judgment (Graves). Ability to recognize good design.

Revised Minnesota Paper Form Board. Ability to visuslize
objects in two dimensions.

9. Guilford-Zimmerman Temperament Survey. Ten bipolar
personality traits - 20 factors.

10. Engineering and Science Aptitude Test - separate part scores
11. Industrial Psychology - Blocks (Space visualization)

12, Progressive Matrices (Raven). Non-verbal reasoning.

You will note from our test scheduling for all of the batteries that there is
congiderable overlapning of tests administered in the diiferent trade-technieal

areas.

In general, we find that we are able to do a better job iin predicting
areas requiring mechanical intelligence. We have had trouble in predicting
successful ward performance among vocational nurses. We have had trouble
using the speeded PMA with some of our people of limited verbal backgrounds,
and in some areas such as Commercial Art, where a certain level of achieve-
ment is required, we have been unable to use a standardized test of art
achievement and have been forced to develop and standardize cur cwn test
for this purpose.

Our cross-validity studies suggest that the variables in our test batteries
may be predictive of success at other institutions. We have cross-validated
our aircraft mechanic battery on 425 students using scores of apprentice

trainees from Lockheed and Convair, students from Chaffey College, Mount

San Antonio College, O'Connell Trade~Technical Institute, Oakland City College,
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Laney Campus, San Jose High School, San Jose Junior College and San Jose
State College, Reedley and San Dicgo Colleges. In general, we have found
similar factors to be predictive: namely, reasoning, spatial visualization,
mathematics achievement, perceptual speed, et cetera. The weighting of the
factors in a battery, of course, will vary due to the variability of the
criteria. We have attempted some work in objective performance testing in
this area but it is slow and expensive work. Until these data are available,
weighted battery scores should be developed within the individual institution
or the batteries now in use at least be validated on groups within each
institvtion. I have for your use some profiles developed from our aircraft
mechanic cross~validation study and from an auto mechanic trainee study, N=201,
corrected for restriction of rangs on 2000 appliicaits.

We have cross-validated our Cosmetology battery with cosmetology trainees
at Riverside College; again, similar factors of intelligence were found to
be predictive of success.

We feel uneasy about the inclusion of personality factors in the batteries.
Our cross-validities have shown great variability im predictors and in that
the low intercorrelations found between ability and personality scores may
result in heavy weightings of the personality variables in a battery, a word
of caution is due.

The need to assist our students to make wise vocational choices has been
complicated by the ever—increasing numbers of yourg people kmocking on our
college doors and the need to train our people for more highly skilled
technical fields in the face of automation-caused change. We offe. the thesis
that the multifactor approach to the construction of aptitude test batteries

designed to predict successful trainability in specific fields is an economical and




justifiable approach and is at least one answer to thal big problem -

the ideﬁtificgt;on of potentially satisfying life work within the

capability limiﬁéndf the human being we are trying to help.
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LOS ANGELES TRADE~TECHNICAL COLLEGE
400 West Washington Boulevard
Ios Angeles 15, California
PSYCHOMETHRIC INVENTORY
TOTAL
NORMS TIME

VOCATIONAL INTEREST

Lee-Thorpe Galifornia Occupational Interest Inventory~Advanced H.S.,Adwlt  (40)%  NTue¢

Guilford-Schneidman~Zimmerman Interest Inventory H.5.,Coll., (45) NT
Adult
Strong Vocational Interest Blank for Men Adult (€0) NT
Strong Vocational Interest Blank for Women Adult (60) NT
GROUP ABILITY
Cooperative SCAT 15-20-10-25 minutes H.S.,Cull., (85) @ ¥
Adult
Army General Classification Test Adult 40 Ly
California Achievement Test, Form W-Advanced H.S.,Coll. 166 ¥
Reading 66, Math 62, Language 38 minutes
Langmyir (ral Uirections Adult (30)
Primary Mental Abilities 4~5-6-6-5 minutes H.S. ,Adult (45) 33t
B Trogressive Matirices {Raven) Aduit 30
¥ Engineering and Physical Science Aptitude Test H.S.,Coll,,
Math 15, Formulation 10, Comprehension 10, Adult 72 365
Arith. Reas. 15, Verb. Compr., 10, Mech. Compr. 12
SPECTAL AREAS
Design Judgment H.S.,Art
School, Coll.;
‘ Adult (30) NT
\3
Dexterity Pegboard Test (Original Test) H.S. (20) e
s Pin Insertion, Preferred Hand 2 minutes
Pin Insertion, Other Hand 2 u
Pin Insertion, Both Hands 2 v
Assembly of Pins and Wasb.rs 2 v
Differential Aptitude Test Coll.,
Adult
Part 6, Abstract Reasoning 25
L.U., Part 1, Spelling 10

* Brackets indicate estimated total time
%k NT indicates tests not timed
iy Indicates Part Scores available




w
£

IO

SPECTIAL, AREAS continued

Employee Aptitude Survey

Part 1 Verbal Comprehension
Nwmerical Ability 10
Visual Pursuit 5
Visual Speed-Accuracy
Space Visualization
Numerical Reasoning
Verbal Reasoning
Word Fliuency
Manual Speed, Accuracy
Symbolic Reasoning

Factored Aptitude Series
Memory 6 minutes
Blocks 5 "

Farnsworth-Munseil 100-Hue
Test of Analogous Color Vision

Cwo~3oonEWwW
ARG R ARG, RV, AV, AV

=

Guil ford-Zimmerman Aptitude Survey

Part 4 Perceptual Speed
Part 5§ Spatial Orientation
Part 6 Spatial Visualization

Part 7 Mechanical Knowledge
Programmers Aptitude Test
Hevised Mimmesota Paper Form Board
SHRA Mechanical Aptitudes

Uenlonl ol Wmnes] adga 1“ s nu'!' —
G VIIGAId S Gl i1di%F Wi < VALl viSe
ls] _ ™ _ "3 _ 2 @ - TN L]
opace neLavions LV -
Shop Arithmetic 15 n

Still-Life Drawing Test (Original test)

Varnmum Art Aptitude
Color Semsitivity
Proportion

Nuwerical
Cooperative Mathematics
Grades 7,8,9 Skills (only)

Cooperative Mathematics
Pre-Test for College Students

DAT Numerical

Personslity
tuilford-Zimmerman Temperament Survey

MMPI (Research purposes only)

5 minutes

1
i
"
]
n
1"
ii
1
]

NOPMS

Coli., Adult

H.S.,

Coll., Aduli

Coll., Aduit
Coll.

Coll., Adult

Coll., Aduit
Coll., Adult
Gr 9-12

Coll., Adult

Grades 7-~9
H.S.,Coll.

Coll., Adult

Grades 8-12
Cold., Adult

Coll., Adult

TOTAL
TIME
(80) H
(12}
(10)
NT
5
10
10 :
(30) NT
60
15 - 20
(45) K
30
( 5) NT
( 5) NT
30
LO
30
(45) NT
NT




