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Cereral Summary

HISTORY AND DEVELOPMENT .

Batteries Based on the JOCRF Battery

The Highlands Ability Battery (THAB) was developed as a proup-administered,
primarily paper-and-pencil version of the Johnson O’Connor Aptitude Battery, which has
been researched and developed by the fohnson O°Connor Research Foundation (JOCRF}
from 1930 to the present.

JOCRF was founded by Johnson O*Connor to develop and validale a set of ability
measures he put together and created while wotking as an engincer for the General
Electric Corporation. O’Connor was given the task in the early 1920°s (o create a set of
measures for General Electric that would allow menagers 1o place new employees inte
jobs for which they were ideally suiled. O*Connor began collecting measures ol human
abilities together in a battery and doing research on what the significance of the resulting
scores was. (’Connor constructed the battery from existing lesss and from tests he
created himself. After putting together a basic battery of tests, he quit General Electric to
form the Johnson O’Connor Research Foundation in order to carry qut hasic
psychometric research on the battery.. JOCRF has been carrying out reliabilivy, validity,
and flem analysis research on the subtests of the battery from the early 1930°s to the
present.

When Johnson O’Connor died in 1976, twe other non-profit foundations, The Ball
Foundation and the Aptitude Inventory Measurement Service {AIMS), were founded to
rescarch the JOCRF battery. In addition, at about this same time, a researcher from
JOCRF who had been charged with developing a group administered, paper-and-pencil
version of the JOCRF battery, lefi the foundation to start her own company using the lests
she had developed. JOCRTF had decided not to use these tests afier they bad been
researched, normed, and developed. The company she founded, Ahility Potentials, was
acquired by The Highlands: Program, and the ability battery became The Highlands
Ability Bartery. _ ' _

The abilities measured by the four O’Connor ability batteries, the JOCRF battery,
the Ball Aptitude Batlery, the AIMS battery, and The Highlands Ality Baftery are in

most cases identical. The tests, althourh called by different names, have similar formats,
similar instructions, and similar psychometric qualities.

[he Highlands Ability Baptery

As mentioned previously, THAB was purchased from Ability Potentials, Inc.
Ability Potentials was founded by a researcher frum JOCRF afler Johnson O’Connor's

death. The Ability Potential subtests were originally validated against the Q'Connor
batiery.

ntory M; rempgnt Service (AT

The Apntude Inventory Measurement Service was started in 1976 by former
FOCREF researchers irvin C. Shambaugh, Brenda M. Smith, end John W. Gaston. AIMS,
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located in Dallas, is a nonprofi, \ax-exempt research foundation which deals solelv in
developing, administering, and interpreting aptilude worksamples, .

The Bal] Foundation
The Bail Foundation was established in 1975 with the objective of conchicting

research on a set of tests from the lDI"lgITlE'I] (¥*Connor I::attery to eet conlemporary
psychometric criteria.

The Ball Foundation has conducted both large and small scale research projects
including two longitudinal studies which have waced the development and stability of
aptitudes of subjects {irst tested in high school. The Ball Foundation bas also validated
BAB tests for predicting (he performance of different occupational proups.

Johns A

Aé described earlier, Johnson O’Cornor created an ability battery by combining
existing tests with tests that he created, beginning in the 1920's. JOCRF established
lesting sites in several cities in the United States through the 1940°s and 1950"s,

Other Aptitude Tests Batteries

Several other ability test bamenes have been developed since World War 1T that
were not based on the JOCRF battery. These baiteries differ somewhat in style apd
format; however, they share a number of commonalities with the JOCRF batieries. The
subtests of the batteries are generally worksamples, i.e.. actual samples of significant
behavior, rather than self-reporl or achievement tests. The batteries all have subtests
measunng Spatial Relations, Logical Reasoning, and Visual Dexterity. In addition, all
have measures of Vocabulary. Most of the balteries have measures of Manual Dexterity,
Memory, and Ideational Spced A few of the batteries have mensures of Inductive

Reasoning,

. The CAB was created in 1972 (Hakstian and Cattell, 1976) with the goa) of
creating short tests to measure 20 menial abilities. The impetus for the development of
the CAB came largely from the growing realization by the authors thai, although most of
the pnmary ability traits had been isolated and studied in theoretical investigations to the
powmnt at which psychologists knew what the most basic human abilities were, the
avalable standardized test baneries of intellipence and abilities did not reflect currently
accepted views of the number and nature of the psychological constructs involved.

The DAT (Bennett, Scashore, and Wesman, 1974), first introduced in 1947, was
develeped to be used as a vocational aptitude batlery for high school students. The
battery consists of eight subiests - Verbal Reasoning, Numerical Ability, Abstract

Reasoning, Clerical Speed and Accuracy, Mechanical Reasoning, Space Relations.
Spelting, and Language Usage. The DAT is often used in vocational training,
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neral Apt] st 3

The GATB (U8, Deparment of Labor, 1970), developed by the United Stares
Employment Service in 1947, is used 10 help identify aptitudes for ogccupations. The test
is available for people of all ages from state employment services, schools, and other
nonprofit organizations. The GATB consists of twelve timed tests that measure nine
distinct aptifudes - General Lesmning Ability, Verbal Aptitude, Numerical Aptitde,
Spalial Aprtude, Form Perception, Clerical Perception, Motor Coordinaiion, Finger
Dexterity, and Manual Dexterity. Occupation recommendations based on GATB resulis
are available from the 12,000 plus jobs listed in the TLS. Departmeni of Lahor's
Dictionary of Cecupational Titles.

E itnd

This battery was designed in the 1940°s (o be used to iest applicants for positions
in & piastics factory. The EAS (Ruch and Ruch, 1980) has evelved over the years but has
kept its focus on the needs of employment nanagers. The current EAS consists of en

pencil-and-paper snbiests thar were designed to be easy and quick to administer and
score, have strong face validity, and have alternate forms,

Kit of Factor Referenced Tests (KFRT)

The Kit of Factor Referenced Tests (Ekstrom, French, and Harmon, 1976), true to
its name, is a set of tests that have becn validated through factor analysis. Ability factors
(such as Spatial Orientation, Perceptual Speed, and Verbal Comprehension) were
identified through faclor analysis of a battery of tess. The Educarional T esting Service
(ET3} bought the Kit of Factor Referenced Tests From J.P. Guilford.

Origin af Various Ability Tests

1. Classification: The idea for this came from subtests 3 and 4 of the Myers'
Mental Measure, & non-verbal intelligence iest published in 1971 by Caroline and Harry
Myers. :

2, Idea Productvity: Brtish National Institute of lndusn_-ial Psychelogy. Later by
the British Industrial Fatigue Research Board. First published as 'Predictions.’

3. Verbal Memory: Paired silograms used for associative recall by Cbhinghaus
and Cason. Afier World War I, the test was developed by Kim Margolis as an ability
associated wilh the ease of recalling written material. '

4. Design Memory: Originally construeted by Clark Hull of Yale in 192%.
Published as The Free Hand Drawing Aptitude Tests.

5. Visual Speed and Accuracy: Pattemned after a test by Henry C. Liok, developed
for the Fatigue Research Board. Developed by Johnson O'Connor while he was at G5 e
hire for the accounting department. First called Accounting Aptitude.
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6. Observation: Developed by Johnson O'Connor while he was at GE to measure
the aptitude of meter inspectors at GE. -

7. Auditory Ablities; All of the auvditory abilities are modifications of the Carl
Seashore tests {developed from 1901-1919).

3. Spatial Ralations Theory: Developed by the War Departrnent for the Air Force
and Navy. Educationat Testing Service uged it in the 1960's in a group of factor reference
lests. Dean Trembly (JOCRF) used it as a group test in the 1570's,

9. Spatial Relariony/Visualization: Test developed by Johnson O'Connor in the
1920's. '

10. Time Frame: Developed by the Farigue Research Board during World War IT.
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THE THEORY OF ABILITIES

This section is intended to put into words an overall theory concerning abilities
and ability testing. The purpose of theory is to bring some clarity to the purpose and
direction of research in this field. For many vears, reseerchers in the field of human
ability testing bave held ideas conceming human abilities to be true; however, these ideas
may belong more to the realm of theory than proven fact, It is hoped that by slating an
overall Theory of Abiiities 1hat this will serve a heuristc purpose of providing direction
for research efforts, and more clarity in explanation of research that has already been
done.

Abilities: Definition

An ability is an inbom, naturul talent for doing some task, or class of task A
person with a strong ability is able (0 do the task involved miore casily and/or more
quickly than a persen who is relatively weaker on that ability. Having an ability is a
potential. It does not mean that the person will do the given task, anly that if the persan
does the task, having a relatively strong ability will allow him or her 1 do it more easily
and/or quickly than someone who is relatively weaker in that ability,

Corollaries

1.5ince abilities are natural and inborn tlents and are not leamned skills, training
and/or Jearning does not affect their relative swength in the person.

2.5ince abiliies arc by definition more in the realm of genelic makeup than in the
realm of leaning and achievement, such cultural and social factors as race, socio-
ecopomic background, gender, educational level, educational backpround, educational
achievemenlt, life experiences, or general exposure oy opportunites-do not affect ability
measurement. It is assumed that systematic measured differences in abilities are more dne
1o an underlying genetic component than to differences in experiences. One exampie of
this sort of difference is in the area of Spatial Relations. All ability researchers have
‘found systematic differences berween men and women in Spatial Relations. It is assumed
that there is an underlying genetic reason for this variation.

3.Abiliues tend to remain relatively siable in the persyn from about age 15 to age
63. For this reason, the measurement of abililies is predictive. A person’s score on an
ability worksample at age 20 is strongly predictive of how that person will score on the
samc measure at age 30 or 44,

4.A person may have an ability strongly, hut not be aware of this fact because he
or she has never had the opporunity to do the associated task or class of task and/or never
had the opportunity to compére his or her performance to others’ performances.

3.Given the opportumity, the person will tend to choose to do tasks for which he or
she has some ability. Other things being equal, those tasks or occupations will be
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relatively easy and easily learned for that person compared to someone with relatively
weaker ability. : »

6. Lnsofar as the task or ciass of task associated with s particular ability is
important for the functionifg of a job or tyvpe of job, then people who are strong in ihis
ability will be more successful and meore sarsfied with that job than people who are
relatively weaker in that abiliry.

Defipitions

Ability

Inborn paniral lalent for doing some 1ask or class of task. Having an ability makes
learning to do the task easier and quicker, and makes the person able 1o perform the task
more eesily and quickly. Generally a person cjoys performing these tasks for which he
or she has an ability. Ability does not refer to Whether a person can or cannor perform a
given task, or function in a particular job. Ability only refers to the relative ease with

which a person can leamn a task or class of sk, and the relarive ease with which a person
can perform Lhe task.

Driving Ability

The Drving Abilities are abilities that have enormous influence for the person in
the workplace. They are important whether they are high or low. There are five Driving
Abilities:  Classificarion,  Concept  Orgamzarion, Jdea Productivity, Spatial
Relations/Theory, and Spetial Relations/Visnalization.

Specialized Ability

The Specialized Abilities are not nearly as generally important as the five Driving
Ahlilies; howsver, if high, the Specialized Abilities exert 2 suong influence for the
person. If at mid or low levels, the Specialized Abililies are not nearly as influemizl for
the person as the Doving Abilities.

Construct

The construct of an ability {s a general statement of the underlying task of the
ability. For instance, Spatiel Relations/Visnalization ts a4 worksample that measures the
ability to perform mental rotaions of three dimensional objects in space. Mentally
manipulaling three-dimensional ohjects in space is the construct of the spatial relations
visualizing ability. There may be many ways (0 measure the construct of an ability.
Another way to measure the spatial relatons visualinng construct mav be to have the
person construst a three-dimensional model from a drawing. The underlying construct is
the same; the means of measunng it may dilfer. Almost every ability batiery has a
worksample for measuring Spatial Relations. The closer the worksample maiches the
construct of the ability, the more accurate apd predictive the resvlting measurement will
be. .
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Worksample

A worksample is a way of measuring the relative strength of an ability in a pérson.

- A worksample is & specific task that matches the construct. or general ask, of the ability

being measured. By comparing how a person does on the worksampie with others who

have done the worksample, the person has an indicator of the relative strength of the

ability for him or her. A worksample is the only way to accuralely and objectively assess
an albity.

Ability Descriptions

(iven that a person is strong in an ability, what serts of tasks should he or she be
able to perform easily and quickly? What kinds of tasks are more difficult for that
person? Given that a person is weak in an ability, what kinds of things are relatively more
casy for him or her t0 do; what kinds of things are more difficult? These questions have

typically been answered by studying those occupations and the tasks invoived in those
occupations withm which people score relatively sirongly or weakly in & given ability.
Forming general slalements about the tasks involved in occupations in which people
typically score strongiy on an ability thep forms a deseription of the kinds of tasks a
person may be able to do andfor learn easily and quickly with & smong ability. For
instance, engineers almost invariably score higher than the general population on Spatial
Relations/Visualization. 50 do mechanics and machinists. Lawyers aimost invariably
score fower than the general population in Spatial Relatons/Visualization. When lawyers
do not score lower, they are more likely to report that ihey are Jess satisfied with their
work than when they do score lower. When engineers or machinists, on the other hand,
score lower than the general population on Spatial Refations/Visualization, they are very
likely to report strong dissatigfaction with their careers. Such peopie are very likely m be
actually doing some other type of work afier a few years, such as management. Looking
al these types of data, along with a great deal of other, similar data allows us to start to
describe what being high or low on an ability means for the person.



THE VALIDITY OF THE HIGHLANDS ARILITY BATTERY

FROM A RESEARCH PERSPECTIVE
ROBEET B. McDowALD. PE.D,

In 1994, The Highlands Program contracted with an independent consullant, Dy, C.l.

Holland h.D12. f th it alinT; e Ty @
Georgia State University. Dr. Holland is an experl in test development and research, and
has consulted with many organizations on test validation and tesi construction,

GENERAL DESCRIFTION

The Highlards Abiiity Battery is a set of 20 tests which measure strengths and
weaknesses of certain abilities as well as other characteristics important for career and tife
decision-making. The tests composing the baltery arc:

1. Classilication: a problem-solving ability in which the person must solve a
presented problem usmg a wholistic, right-brained, non-logicat approach.

2. Concept Organization: a problem-solving ability in which ihe person must
solve a presented problem using a logical, tinear, Jefi-brained approach.

3. Tdea Produetivity: a measure of the rate of production of ideas. Not a
measure of creativity, only a measure of the rate of flow of ideas.

4. Spatial Relations/Theory: a measure of the person’s ability to visualize and
manipulale three-dimensional space and three-dimensional objects in his or
her mind. Partjcularly loads on ability to visualize spacc.

5. Spatial Relations/Visualizaton: z measure of the porson’s  ability o
visualize and manipulate three-dimcnsional space and thres-dimensional
objects in his or her mind. Particularly loads on abilily to visualize and
manipulate objects.

6. Design Memory::a measure of the person's ability to visualize and vemember
a iwo dimensional desipr.

7. Observation: a measure of the person’s ubi lity (o remember details from his
or her visual field.

8. Verbal Memory: 2 measure of the person’s ability 1o remember material
presertted in written form.

9. Tonal Memory: 2 measure of the person’s abilily to remember material
presented auraliy.

10. Rhythm Memory: o measure of the person’s ability to remember musical

rhythm.

11. Pitch Discrimination: a measuze of (he person’s ability to distinguish fine
shades of difference in musical pitch.



12. Number Memory: a measure of the person’s ability to remember non-
associalively.

13. Visual Speed und Accoracy: a measure of the person’s ability to move his or
her eyes rapidly and aceurately (tom one place to another.

14. Manuozl Speed and Accuracy: 2 measure of the person’s abilily to move his
ot her hands from one point to another quickly and accurately,

13. Writing Speed: a measure of the speed of the person’s handwriting,

16. Vocabulary: not strictly an ability measure. This is more accurately an
achievement measure. Tt is so Important in carcer planning that it is included
as part of the abilify battery.

17. Timne Frame: a measwe of the person’s natural sense of (he amount of fime to
take into accouni when thinking about the fiture.

18, Grip: a measure of the person’s willingness to keep {rying on a problem when
faced with frustration.

19. Introvert-Extrovert: o measure of the pewsen’s preference for heing with
others as opposed (o being alone,

20. Specialisi-Generalist: 2 measure of the person’s propensity to come up with
COMINOeIL responses to problems as opposed to nnigue responses.



FACTOR STRUCTURE

A factor anaiysis wes performed using data from approximately 2100 prolocols. A
Varimax rotation was used fo identify the pnncip_al factors of the baitery. This analysis
showed 11 faciors:

1. Vispal/Spaiizl Reasoning: Spatial Relalions/Visualization, spaial
Relations/ Theory, Design Memory, Concept Organization.

2. Visual Memory: Design Mcmory, Observation, Verbal Memory, Niumber
Memory.

3. Cognitive Reasoning: Concept Organizalion, Classification, Time lirame,
4, Grip: Grip

5. Yisual Speed: Visual Speed.

6. Vismal Accuracy: Visual Accuracy.

7. Musical: Rhythm Memory, Tonal Memory, Piich Discrimination.

8. Speed: Idea Productivity, Time Frame, Writing Speed, Manuul Speed.

5. Extrovert-Inirovert: Exirovert-Introver.

10. Specialist-Generalist: Specialist-Generalist.

11. Yocabulary: Vocabulary.

These factors show The Highlands Ability Batiery to break into the same factor stijchuse
as all other common and well-rescarched and validated ability batteries, such as the
Government Apfitude Test Battery (GATRY, the Kit of Fagtor-Referenced Tests of
Guilford®, The Comprehensive Ability Batery (CATY, the Diticreniial Aptityde Tesis
(DATY, and the Employee Aptiide Survey (FASY. In addition, The Highlands Ability

Batlery shows the same factor structure as the Johpgon Q'Connor Apirlude Battery
(JOABY", and the Ball Aptitude Battery (BABY, which are similarly constructed baileries
of ability measures and have many highly similar or identical tests in (heir respective
batteries us the tests included in The Highlands Ability Battery.



EILTABILY

Relability is an estimatc of the ecrtainty thal ihe oblained score on any given mcasure is
the “lree’ score for that person, and is not unduly influcnced by, or a product of,
essentially extraneous factors. Reliability estimates are typically given as r. v typically
ranges from (.0 to 1.0 with 1.0 being perfeci. £ = .7 is generally held to be the minimum
acceptable reliability in lesting such as the present ability battery; although many tests in

many ather batteries show reliabilities in (he rangs of r = 6. IhLlhgh.l_dLRngL

i standard of reliabitity is 7 =8 _All insirumenis in The B ands Ah

As is true in most sclentific research, the replicabilicy or repeatablily of findings,
especlally m different research centers with different researchers involved, is an

important piece of evidence leading others 1o feel conlidence in the obtained resalt
Rehabtlity bes been established on many different occasions for the separate instruments
of The Llighlands Ability Battery by The Highlands Program, the Bal Foundation, and
by the fohnson O*Connor Resesrch Foundation (JO{RF) ?

Since each of the tests composing the battery arc quite different in form and format, as
well as being different in the ranpe of behavior being tapped and the type of response
required, the appropriate reliability measurc is different for the different tests of the
battery. The most recent estimates of reliability for The Highlands Ability Battery were
oblamed hy The Highlands Program in a 1994 large-sample study summarized below.

As can be seen from Lhese results the relighility of The Highlands Ahility Ba aligry tor the
separute instruments_of the battery ranged from 83 to .93, The obtgined relighility
Sﬁl‘ﬂdlt}h for these ll]ﬂtgmﬁ'ﬂf_’-‘i arg ﬂmref'gr; considered to show them to be highly

ying meainglul compajsons hetween scores to be mad




1994 L ARGE-SAMPLE RELIABILITY ST DY

THE HIGHLANDS ARILITY BATTERY

The Highlands Program carred out a study of the reliabil; ty of the individuai
comprising The Highlands Ability Battery in 1994,
participants drawn from reguler ¢lients of The
from 15 to 66. There were 146 males and 152 females. OF the adults over 25, almaost all

This study was completed with 298
Highlands Program. They ranged in age

were college graduaies. Most of (e participanis who were younger than 25 were either
voilege students or former college students.

The following rable summarizes the findings from this study:

1994 Reliability Study Resylts:
The Highlands Ability Battery

Worksample Method N r
Concept Organizahon Split Half, By Response? 204 o5 ]
Classification Split Half 297 K6
Design Memory Split Half, By Response 297 T o2
Grip : Alternate Form 1768 a5
Idea Productivity Split Half 266 88 ]
Manual Accuracy Split Half 251 G4
Manual Spced Split Half 251 87 |
Nurnber Memory Item Intereorrclaiton - Alpha 256 B85
{bservation Split Half, By Responsc 205 84
- Observaiion liem Tntercorrelaiion -- Alpha 295 B6
Pitch Discrimination Split Haif 297 &7
Rhyikm Memory Split Half 297 83
Spatial Relations/Theory Split Hai{ 297 90
[ Spatial Relations/ Visualization Split Half 297 84
" Specialist-Generalist Parafie] FoumsP 297 &3
" Time Frame Standardized Ttenl Alpha 296 86
Time Frame ltem Intercorrelation - Alpha 296 .43
Tonal Memory Split Half 297 03
Verbal Memory Spiit Half 298 92
Visual Speed Split Halt 296 B8
Visual Accuracy Split Half 296 86 |
Total Vocabulary Paralle] Forms 296 88
Vocabulary 1 Split Half 296 95 ]
Vocabulury 2 Spiit Half 206 87 |

aSpiit Flal{ reliability estira
Bparailel forms reiiability es

ted using cqual length Spearman-Browr.
titnated using unbiased estimate of reliability,




YALIDITY

Validify is an estimate of the cerlainty wilh which we can usenbe s roeaning to & given
SCOTE On @ given test with a given person. Validily establishes {he confidence with which
we can interpret any giveu rcsult on a given test. Validity is obviously a much more
complex gquestion than rehability, and 15 ullimalsly a more importint question.

Validity is typically cstimated for tests such as these by a varicly of means, and is
typically an on-going concern for publishers of tests such as The Highlands Ability
Battery. Validity research has been an ongoing function of JOCRF for over 30 years, of
the Ball Foundation for over 20, and of The Highlands Propram since ifs inception. These
organizations have conducted bhundreds of smdies demonstrating the validity of the
individual instruments of The Highlands Ability Battery, as well as the JOAB and the
BARB. Many of the insouments on the latter two balleries are identical to insiruments on
The Highlands Ability Battery, and it is quite possibie to relate individual insiruments of
The Highlands Ability Baticry o instruments of the BAB and the JOAB. Decause of the
sinular factor structure of Lhese test battenies, it is alsa possible to relate averall findings
between the barteries.

it should be noted that, just as in rcliablity reacarch, the replicabijity and repeatability of
findings [rom research center Lo research center is an important factor in delermining the
validity of any lest instrument ot test batlery. Validity work on The Highlands Abilily
Battery has shown iself to be replicable in different research centers.

The following validity work has been carried out on The Highlands Ahility Battery:

¢« Convergent V¥alidity. Resalts on individual instruments are compared to results
obtained on other insiruments that measure abilities in the same abilily domain.
Correlations should show significant relulionships between instruments that measore
behavior m the same demam. "The relationships should not be perfoot, however, as
that would indicate that the tesls were measuring exactly the same ability., For
instance, Pitch Discrinnnation should relate well to the other music tests, Rhythm
Memory and Tonal Memory, because they are measuring bchavior in the same
dermain, music ability. Correlations should be in the range r = .20 to r = .60 o be
meaningful. (The obtained correlations were 32 und 443, 1

= Divergent Validity. Results on individual instruments are compared lo resulls
obtained on other instrumenls that measure abilities in diffarent abilily domains.
Correlations should be very low -in the ranpe r = 00 10 r — .29 Pitch Discrimination,
for instance should show no relationship to Wriling Speed (the obtained correlation
was (H.

» Relationship of tests of The Highlands Ability Battery to other tests measuring
the same ability. Individual instruments of The Hiphlands Ability Battery arc
compared to instruments that have been designed to nicasure the same construct, This
is more specific and criterion-related thun Convergent Validity.



e Relationship of The Highlands Ability Batiery to other weil-established ability
batteries. Rosults on The Highlands Ability Battery should show the same factor
structure, and highly correlated pattern structure as resalts obtaimed on other batteries
of ability tesls,

s Relationship of results on The Highlands Ability Batlery to occupational chaice,
Tf people lend to choose occupations for which ihey are suited, and conirariwise steer
away [rom occupalions for which they have very few natural abilities, there should be
a significant relationship botween occupalional cholce, and oblaincd ability pattern.

« Relationship of resnits on The Highlands Ahilif_',' Batiery to sugcess within an
ocenpational Geld. If people are relatively more suceesslul in occupstions for which
they are naturally smited, then there should be a significant correlation between
success wilthin an occupational field and the ohtained pattern of abilily scores. We
wonid predict that the obtained retationship should be swonger than Lhat obtained by
censidering occupationat choice alone.

+ Relationship of results on The Highlands Ability Battery io satiglaction with
occupation. If people tend to be more satisfied in occupalions for which they are
naturally suited, them we should see a significenl relationship between satisfaction
within an occupational field, and the person’s ability pattem. We wonld predict that
this relationship wonld likewise be siropger than (he relationship obtained by
condidering occupational-cheice alone,

The following pages summanze validity work completed to date by The Highlands
Program on The Highlands Abihty Battery.” These are swnmaries of findings only. More
detailed explunalions of procedure, resulis, and interpretation are available for inspection
in The Technical Manual of The Highlands Ability Rartery.



COMPLETED YALITHTY STUDIES
THE HEGHLANDS ABILITY BAT'TERY

Conyergent Yalidity. In a stuly ivolving over 2100 participants over a six ycar
span, The Highlands Program has shown strong evidence of Convergent Vahidity."”
This means that the ilests of e batlery show guod evidence of relationship to cach
other and to other tests that are designed lo measure abililies in the sarne domain.

Divergent Yalidity. In the same study noted above, The Highlands Program showed
sirong evidence of Divergent Validiiy. Tesis that measurc ahilities tn different
domains show very low correlations with each other

ther Stand Abilitv Mgasures. Tests of The Highlends Ability Baltery, {and
sunilar lests ol the BAB and the JOAB), have been related to apd found 1o show

51 A5,

1. Governmen: Aptitude Test Battery {GATB). The GATB is universally
recognized 1o be one of the best-constructed test batteries extant. There are
literally tems of thousands of profiles in its data base. Results from work on the
(JATR are used lo establish profiles of occupational abilitics for later sludies.

2. Differentzal ﬁpﬂrﬁde Tests (DAT), The DAT has been shown to have similar
factor structure and similar results to tests of The Highlands Ability Battery.

3. Comprehensive Abihry Batlery {CAB). The CAB has been shown o have
similar factor structure and similar results to tests of The Highlands Ability
Datlery.

4. Employee Aphitude Survey {EAS). The EAS has been shown to have gimilar
factor structure and similar resuits Lo tests of The Highlands Ability Battery,

5. Kii of Factor-Referenced Tests.”” These tests, developed in a 20-year research
program by Guilford, and long recognized as standard for criterion reference
in the Lidustry, were used to validale The Highlands Ability Battery in 1995,
Using a sample ol over 200 clients, the tests of The Highlands Ability Battery
were shown to have very strong relationships (o tests of the Kit of Factor-
Ieferenced Tests (= 36 tor=035).
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THE HICHLANDS ARILITY BATTERY

Choice of Qceupation. Tests of The Highlands Ability Bartery have been related, in
miany studics spanning many years, and carricd out in diverse research centers, Lo
choice of occupation. A person is likely - other things being equal - lo choose an
occupation for which he or she is naturally suited as opposed to an ocoupation for
which he or she has no particular ability, or for which his or her abilities are not
suiled. This refationship has been shown to be true repeatedly. This gives an initial
tevel of conndence in validity.

ice."* The pattern of scores ohtained
has been shown (o be more sgonely related 10 ocoupational choice than the results on
any one parlicolar test. Patterns lor occupations were developed using published
research on the GATB. These pattems were rclated lo the person’s actual ability
patter.

Success in Occupatiopa) Field. The resuits of The Highlands Ability Battery have
been found to be predictive of sucqgss achieved within an occupational field People
who are more suited by abilily (as measured by The Highlands Abihty Battery) for
heir secepational figld fepor a greater degree of success within that ficld for their
lime within that field than people repor who are relalively less suited by sbi lity for
their occupational field.

Satisfaction with Occupation. The results of The Highlands Ability Batiery have
been found to be predictive of gatisfaction that a person feels with his or her
occupation.” Peaple who ure more suited by ability (as measured by The Highlands
Ability Battery) for their occupational field report a preater degree of satisfaction wilh
thoir occupation than people who are relatively Iess suiled by ability for their
occupational ficld.



In general, research on The Highlands Ability Battery has shown
replicable evidence of the following:

The pattern of abilities 15 morc stable and more predictive than any one particular
score on an ability measure’”.

Abilities remain constant over time™. Ahility patterns are relatively more stable than
individual ability scores.
The patlern of abilities is predictive of:

1. Oeccupational choice.

2. Suceess within an occupational feld.

3. Satisfaction with an sccupational field."

The Highlands Ability Battery matches not only in fetors] gructare, but spceific
gorrelatignal study such well known and researched ability measures as the CAR,
DAT, GATB, Kit of Factor-Referenced Tests, and the Employee Aptitude Survey, ™
This means that The Highlands Ability Battery is measuring the sane thing as (hese
well-researched and validated ability measures.
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Gender Differences

Several researchers have looked at consistent differences between sexes on
various ability measures (Veccia, 1990; Halpern, 1986; Lowman, 1991). The report that
follows is a summary of two separate lines of research by The Highlands Program and by
the Human Engineering Laboratory (HEL).

The first is a study conducted by HEL (Veccia, 1990). This study was conducted
with all examinees at HEL from the year 1987. In order to test the significance of
difference between males and females, Veccia used Cohen’s d (Cohen, 1988). The size of
Cohen’s d is interpreted as follows: less than .10 is negligible, .20 is small, .50 is
medium, and .80 is large. In more familiar terms, a d = .10 is comparable to a correlation
coefficient (r) of .05, d = .20 is comparable to r = .10, d = .50 is comparable to r = .24,
and d = .80 is comparable to r = .37. The following results were found (The N for these
data were not available from the report.):

M/F Mean SD Cohen’s g Direction
Visual Perception
Graphoria (Visual | Females 154.33 2933 37 F
Speed and Acc).
Males 143.43 29.33
Color Perception | Females 13.62 0.94 30 F
Males 13.01 2.69
Divergent Thinking
Ideaphoria (Idea | Females 297.52 64.93 37 F
Productivity)
Males 272.67 70.27
Foresight (Time | Females 50.45 19.95 26 F
Frame)
Males 45.46 18.21




Gender Differences

M/F Mean SD Cohen’sd Direction
Convergent Thinking
Classification | Females 145.21 22.49 15 F
Males 141.79 23.44
Concept Organization | Females 32.54 6.87 .02 F
Males 32.40 6.93
Numerical
Number Series | Females 22.90 4.71
Males 23.26 4.57 .08 M
Spatial ‘
Spatial Visualization Females 383.52 28.52
Males 398.39 32.27 49 M
Wiggly Block | Females 227.78 93.32
Males 276.75 100.22 51 M
Spatial Theory | Females 17.61 11.95
Males 22.86 14.15 40 M
Specialist-Generalist Females 16.31 7.77 .04 F
Males 16.01 7.97
Music
Tonal Memory | Females 57.41 13.50 .09 F
Males | 5619 | 1426
Pitch Discrimination | Females 62.01 9.87
Males 63.42 9.69 .14 M
Rhythm Memory | Females 45.97 5.10
Males 46.04 5.24 .01 M
Memory
Design Memory | Females 75.72 25.53
Males 79.51 27.65 14 M




Gender Differences

M/F Mean SD Cohen’s d Direction
Verbal Memory Females 21.45 ' 9.47 45 F
Males 17.26 9.35
Number Memory Females 81.06 28.53 .06 F
Males 79.33 27.91
Observation | Females 67.82 11.42 26 F
Males 64.85 11.69
Vocabulary Females 152.59 3792 .09 F
Males - 149.05 37.39
Motor B
Writing Speed Female 259.84 36.74 .30 F
Males 248.07 39.29
Finger Dexterity | Females 80.61 11.71 .83 F
Males 71.34 10.69
Tweezer Dexterity | Females 40.91 18.38 .05 F
Males 40.08

18.28

Veccia summarizes these data as follows: “the effect sizes for sex on the standard
worksamples fall almost exclusively in the small to medium range. Finger Dexterity is
the only worksample that has a sex effect falling in the ‘large’ category”(Veccia, 1990,

p-3).

The Highlands Program has conducted a number of studies using The Highlands
Ability Battery (McDonald, 1995), which is a paper and pencil ability battery derived
from HEL’s ability battery. In 1994, The Highlands Program collected data from some
2100 clients who had taken The Highlands Ability Battery from 1987-1993. Differences
between males and females on scores on the ability measures are shown in the table
following. Note that a t test is shown with its degrees of freedom and significance, along

with Cohen’s d.
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Variable t - (M-F) df P (2-tail) Cohen'sd | direction Effect Size
Classification -7.13 2092 <.001 -0.31 M medium
Concept Organization -2.16 2091 0.031 -0.09 M negMgible
Design Memory 4.97 2096 <.001 -0.22 M medium
EA1 Scale -0.08 552 0.933 -0.01 M negligible
Extrovert (Person. Inventory) 0.72 1546 0.472 0.04 F negligible
Generalist/Specialist (Oral) -0.07 905 0.947 0.00 M negligible
Generalist/Specialist (Written) -2.22 2096 0.026 -0.10 M negligible
Idea Productivity 11.37 2091 <.001 0.50 F medium
[Manual Accuracy -6.61 2091 <.001 -0.29 M medium
Manual Speed 2.86 2090 0.004 0.13 F small
Number Memory -2.9 i 2094 0.004 -0.13 M small
Observation 3.49 2094 <.001 0.15 F small
Pitch Discrimination -2.53 ) 2094 0.011 -0.11 M small
Rhythm Memory 1.16 2095 0.246 0.05 F negligible
Spatial Relations/Theory -7.69 2092 <.001 -0.34 M medium
{Spatial Relations/Visualization -21.05 2094 <.001 -0.91 M large
Time Frame 5.14 2095 <.001 0.23 F medium
Tonal Memory -0.73 2096 0.468 -0.03 M negligible
Verbal Memory 6.57 2083 <.001 +0.29 - F medium
Visual Accuracy (5) -2.94 ’ 2009 0.003 | -0.13 M small
Visual Accuracy (6) -3.32 1909 0.001 -0.15 M small
Visual Speed (5) 7.98 2091 <.001 0.35 F medium
Visual Speed (6) 9.11 . 2004 <.001 0.41 F medium
'Vocabulary 1 2.23 2022 0.026 0.10 F negligible
Vocabulary 2 0.4 1621 0.688 0.02 F negligible
Writing Speed 7.95 2097 <.001 0.35 F medium
Note: The effect size of Cohen’s d was judged as follows (from Cohen, 1988):

0.0-.10 negligible

11-.20 small

21-.50 medium

51-.80 large

Although several of the observed differences between males and females are
significant statistically (R < .001), Cohen’s d shows only one of the differences to be in
the ‘large’ category, Spatial Relations/Visualization. Spatial Relations/Visualization is
designed to measure the same ability as Wiggley Block on the HEL battery. This test
likewise fell into the ‘large’ category accerding to Cohen’s d. The HEL test, Finger
Dexterity does not have an exact correlate on The Highlands Ability Battery. This test
measures speed and accuracy of finger manipulation of small objects. The HEL test,
Tweezer Dexterity measures speed and accuracy of use of a small tool to accomplish a
manual task. The Highlands Ability Battery test Manual Speed and Accuracy is an exact
correlate of this task, as it measures speed and accuracy in performing a manual task with
a tool. Neither of these tests fell within the ‘large’ category on either battery.

It is interesting to note that even though many of the observed differences
between sexes on The Highlands Ability Battery were significant, the use of Cohen’s d as
a discriminator between differences that are meaningful versus those that, though real, are
not meaningful, showed the same pattern of differences on the HEL battery as on The
Highlands Ability Battery. The only large differences that are consistently present show
up on Spatial Relations/Visualization (Wiggley Blocks). This is consistent with
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Lowman’s (1991) assessment that researchers have shown consistent differences between
men and women on average on spatial measures (p.64).

-

Although many of the differences shown on subtests between men and women are
statistically significant and presumably repeatable, the size of most of these differences is
not in fact large, as indicated by Cohen’s d. The vast preponderance of the differences are
in the ‘negligible,” ‘small,” or ‘medium’ categories.

In regard to the interpretation of these scores, The Highlands Program has made a
consistent policy of advising people with regard to how they fall in the population at
large, not with regard to how they fall within a particular subset of the population, such as
men, women, or some other subset. As is well known, the fact that it is statistically
predictable that women will score lower on average than men on a spatial measure, does
not provide any predictability for a particular person whether man or woman. The
Highlands Program is exclusively concerned with interpreting scores to individuals, and
so the statistical differences uncovered by these scores are Hot particularly relevant to its

purposes.
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Ethnic Differences

In the history of ability testing, there have been very few studies of ethnic
differences on ability measures. The reason for this is clear: the most thoroughly normed
and validated ability batteries in the United States were never widely available, and had
very few case histories with minority groups.

The Highlands Program is a life and career planning service that has as part of its
program an ability battery derived from the Johnson O’Connor Research Foundation
(JOCREF) battery. Because The Highlands Program has been marketed more extensively,
there are beginning to be a substantial number of cases of minority participants in the
program. This circumstance opens the possibility of comparing the results of ability
testing for European/Caucasian ethnic populations with Afro-American ethnic
populations. There have been other minority participants in The Highlands Program, but
not in sufficient numbers to warrant a study.

The Theory of Abilities clearly holds that true abilities are inbom talents as
opposed to skills that may be practiced or learned. This means that ethnic or cultural
differences should play a very small or negligible role in the development of abilities in
the person. True abilities are not taught; they are part of a person’s genetic makeup.

In this, abilities are different from commonly held ideas about intelligence. First,
most theorists of intelligence see g, the general factor of intelligence, as being partially
culturally determined and partially determined by genetic makeup. The precise ratio of
determination between ‘nature’ and ‘nurture’ is, of course, a matter of extreme and
emotional dispute between a number of factions, each with their own political, economic,
cultural, and ethical agendas. Second, the most common and successful methods of
measuring intelligence are strongly linked to culture. In fact, one definition of intelligence
is the relative ease and thoroughness with which the person is able to acquire the culture
within which he or she grows up. Vocabulary, by far the most successful and stable
measure of g, is one measure of this ‘absorption’ of culture. This works well when there
is but one culture, or if one is a member of a dominant culture. But if there is a diversity
of cultures, the measurement of intelligence becomes highly problematical. In fact, the
intelligence of African-Americans has been primarily measured in the United States by
measuring the ease and thoroughness with which African-Americans have acquired the
dominant European/Caucasian culture. This is, of course, the subject of intense debate;
however, there is an inherent unfairness about this situation.

It has long been observed by groups concerned with ability testing (as opposed to
intelligence testing), that a person may possess an ability (that is, an inborn, genetic
talent) at a very high level, and never know about it, never have received any instruction
or practice in it, and never have been around anyone who has. Such cases are not at all
unusual. The reason for this is that, because of one’s genetic makeup, an ability may be
present in a latent form, even though the person has never used it. In fact, the only way
this person may be able to know about such an ability is to take an ability worksample
specifically designed to tap it.

For this reason there is no reason that the study of abilities should become a
political, educational or social battleground. If by definition true abilities are genetically
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determined, then it stands to reason that a valid measure of an ability should not show
systematic cultural and ethnic differences. The only differences that should emerge
between cultural groups on scores on ability measures should be due to artifact in the test
used to measure the ability (i.e., the test measures a cultural component, even though this
is not intended by the test constructors), or due to a genuine genetic difference between
cultural/ethnic groups.

The Highlands Program has had an opportunity to test this hypothesis in a recent
study of occupational satisfaction and success. Ability and occupational data were
gathered on a sample of 611 participants in The Highlands Program. Of this number, 84
(14%) reported that they were of Afro-American ethnic background. 497 (81%) reported
that they were of European/Caucasian ethnic background. The characteristics of these two
groups were as follows:

Sample Description: African-American ys. Caucasian European

Factor African-AmErican Caucasian/European
Gender | . o
Males 31(37%) 192 (39%)
Females 53 (63%) 315 (61%)
Mean Age 38 38
Highest Degree
Attained
High School or Less 21 (39%) ' 60 (12%)
Associate | 2 (2%) 22 (4%)
BA or BS 37 (44%) 207 (41%) .
MAorMS | 16 (19%) 106 (21%)
 PhD. | | 25(5%)
MBA 2 (2%) C 194%)
Medicine 1 (<1%)
Law 4 (5%) 20 (4%)
Reported Income 5.2 (Scale 1-15) 6.5 (Scale 1-15)
Reported Job 4.7 (Scale 1-10) - 5.1 (Scale 1-10)
Satisfaction

These groups are statistically not distinguishable from each other except in two
categories. The difference in reported income for the two groups is statistically significant
(P=.001), and there is a real difference in the proportion of the two groups whose highest
degree is high school or less (39% vs. 12%). The Highlands Program typically draws
from a relatively affluent, college-educated (or college-bound, in the case of students)
population. The Highlands Program is typically used by people to evaluate their current
life situation and make decisions regarding the next stages in their careers. It is not
typically used by people who are currently out of work; however, it is often used by
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people who feel themselves to be under-employed. It is clear that this sample is
somewhat skewed in relationship to the population at large because of the way it was
selected. However, looking at the differences between these two groups may shed some

useful light on the overall validity of the Theory of Abilities.

The following results were observed on the ability batteries of these two groups:

Differences Between African-American and European/Caucasian Sample Scores on Abilities
of The Highlands Ability Battery | | j
Afro-American European/Caucasian
Factor Mean SD= N= | Mean SD= N= Direction P= Cohen's d | Effect Size

Classification 43.38 27.72 84 46.76 26.62 497 Euro. 0.298 0.12 small
|Concept Organiz. | 44.88 28.94 84 51.90 29.41 497 Euro. 0.041 0.24 medium
lidea Productivity 50.89 28.55 84 50.64 27.91 497 Afr-Am. 0.939 0.01 negligible
Spatial/Theory 44.50 29.49 84 49.96 30.36 497 Euro. 0.119 0.18 small
Spatial/Visual 38.56 24.02 84 4270 |.24.44 497 Euro. 0.145 0.17 small
Vocabulary 34.32 22.06 84 42.05 21.88 497 Euro. 0.003 - 0.35 medium
Design Memory 46.02 24.52 84 49.67 25.57 497 Euro. 0.211 0.15 small
Observation 56.90 28.61 84 58.97 27.45 497 Euro. 0.538 0.07 negligible
Verb. Memory 47.94 29.86 84 45.28 27.20 497 Afr-Am. 0.445 0.09 negligible
Tonal Memory 49.87 27.44 84 51.49 28.22 497 Euro. 0.618 0.06 negligible
[Rhythm Memory | 46.98 28.79 84 50.94 29.01 497 Euro. 0.244 0.14 small
Pitch Discr. 40.46 26.23 84 47.33 27.64 497 Euro. 0.028 0.25 medium
|[Number Memory | 39.64 31.11 84 41.49 29.38 497 Euro. 0.612 0.06 negligible
Visual Speed 34.81 18.11 84 47.18 27.87 497 Euro. <.001 0.53 large
Visual Accuracy 71.23 26.33 84 63.47 28.43 497 Afr-Am. 0.014 0.28 medium
Writing Speed 45.65 15.22 84 47.21 14.13 497 Euro. 0.381 0.11 small
Manua! Speed 47.71 23.89 84 52.50 23.51 497 Euro. 0.089 0.20 medium
lManual Accuracy { 65.04 34.96 84 59.39 37.38 497 Afr-Am. 0.176 0.16 small
Time Frame 51.62 22.42 84 5§3.73 24.96 497 Euro. 0434 0.09 negligible
Grip 61.79 31.18 84 66.22 28.66 497 Euro. 0.223 0.15 small
Generalist-Spec. 56.99 27.14 84 60.03 2675 | 497 Euro. 0.341 0.11 small
|Extrovert-introv. 40.15 27.68 84 37.87 27.67 497 Afr-Am. 0.485 0.08 negligible

The first fact that emerges from these data is how similar these two groups are on

the ability measures. Almost all of the differences between them were in the ‘small’ or
‘negligible’ categories. Only one difference was in the ‘large’ category - it appears that
there is a real difference between African-American and European/Caucasian populations
in Visual Speed, with the European/Caucasian population being higher than the African-
American. Interestingly, there is a statistically significant difference in the African-
American direction on Visual Accuracy. It appears that the African-American individuals
of the sample, as a group, were slower, but more accurate in Visual Dexterity. There were
no other statistically significant differences on the ability measures (P<.01).

The second fact that emerges is that there is a statistically significant (P=.003)
difference between the two groups on Vocabulary. This difference would be expected. If
Vocabulary is a measure of how thoroughly and well a person has absorbed the dominant
culture, then it would stand to reason that a person growing up in a different culture
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would have a systematically more difficult task to score well on Vocabulary than
someone who grows up within the dominant culture. This difference has been repeatedly
- shown to be real and has been given in evidence as indicating differences in z‘ntelliéence
between the two ethnic groups. If we discard the concept of intelligence (at least as it is
defined as the relative capacity of the person to absorb the dominant culture) as being
irrelevant in a culturally diverse society, then we can focus instead on the innate abilities
of the individuals in these two groups. Innate abilities, since they are not dependent on
culture or ethnic background, but are instead a measure of a person’s inborn strengths and
weaknesses, should provide a more culture-free and ultimately more useful way of
describing the person than the attempt to measure the construct of g. |

This study, while not providing adequate evidence for the idea that ability
measurement is ‘ethnically invisible,” because of the nature of the sample from which it
was drawn, at least does not contradict this notion. The two samples were both drawn
from a rather rarefied sample of the overall population. Both samples show hlgher levels
of education and income than that of the overall populatlon

Within these limitations for generalizability we see very little evidence of
systematic differences in measurement between the two populations of African-American
and European/Caucasian ethnic groups except in the area of Visual Dexterity. In the
Driving Abilities (Classification, Concept Organization, Idea Productivity, Spatial
Relations/Theory, and Spatial Relations/Visualization), there is very little systematic
difference between these two groups, nor are any other systematic differences in the other
ability measures.

What this means is that ability measurement, as opposed to the measurement of g,
or intelligence, may provide a more culture-free and culture-fair, as well as an inherently
more positive and less judgmental way to describe differences between people. Instead of
one scale on which a person is ‘normal,” ‘below normal,” or ‘above normal’ and which
describes the relative rapidity and thoroughness with which that person can absorb the
dominant culture, we have a way to describe in concrete terms what kinds of tasks a
person can do relatively easily versus what kinds of tasks a person will find more difficult
that does not have anything to do with the dominant culture, or any culture. A benefit of
ability measurement is that high and low do not really mean ‘good’ and ‘bad.” A pattern
of abilities has benefits, and liabilities, whether it is high or low. Ability testing can just
give the person this information as it pertains to him or her in an objective, non-
judgmental way.
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Classification

INTRODUCTION

The Classification Worksample of The Highlands Ability Battery is designed to
measure a particular type of reasoning function, namely the ability to quickly see a
common element among ideas, observations or facts. The worksample uses pictorial
rather than verbal items so that the factor of verbal reasoning or linear problem-solving,
as well as verbal intelligence can be controlled for. The correlation between Classification
and Concept Organization (a measure of linear, verbal, logical problem-solving and
reasoning) is significant as would be expected between these two tests of reasoning and
problem solving, but not overly large (r=.38). The correlation between Classification and
Vocabulary, the best estimate of g, or general intellectual ability is quite small
(correlation with Vocabulary 1, P=.06, N=1740; correlation with Vocabulary 2, P=.08,
N=2029).

The current Classification test consists of 24 seven-picture items, with three of the
pictures in each group related in some way. The Classification test is more a speed than a
power test, emphasizing the examinee's quickness in spotting a relationship rather than
his or her ability to see that relationship given unlimited time. Despite this emphasis on
speed, Classification has negligible correlations with measures of clerical speed
(correlation with Manual Speed, r=.11; Manual Accuracy, r=.03; Visual Speed, r=.15;
Visual Accuracy, r=-.12).

Classification is seen to be a very quick, non-linear, non-logical style of problem
solving and reasoning. It is generally non-verbal. People who are high in Classification
* are typically able to solve problems quickly, and to ‘know’ the right answer to a dilemma
even when they are not able to explain how they got to this answer. Classification has
been called the ‘diagnostic’ ability. It was first called this by JOCRF when it was realized
what a high proportion of physicians scored in the high range on this ability. ‘Diagnostic’
is apt. People who are high in this ability are typically able to see the problem in a plan,
or in any given presentation, very quickly and easily. This ability is often seen in and
used daily by people who are in occupations that require face-to-face diagnostic problem-
solving. When a lawyer listens to a client’s story, and then immediately offers his or her
opinion about the case, he or she is using Classification to do this. In fact, lawyers are
among the most consistently high groups in scoring on Classification.
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HISTORY

The idea for Classification is found in subtests 3 and 4 of Myers' Mental Measure,
a non-verbal intelligence test published in 1921 by Caroline E. and Harry C. Myers
(Horton, 1930). Subtest 3 had ten lines of pictures with four to ten pictures per line. The
examinee's task was to draw a line under the two pictures in each line which had some
common element. Subtest 4 contained 15 lines of eight pictures each, four in each line
having some common element.

The Johnson O'Connor Research Foundation (JOCRF) began experimenting with
the Myers' subtests in 1929. Over the next 20-years, the Foundation developed several
alternate forms of the worksample, making it more internally consistent, making each
item have more nearly equal weight, and making the reliability higher. Items that were
easily confused or that yielded unintended correct answers were changed. The
Classification Worksample of The Highlands Ability Battery was developed as an
experimental alternate form of Worksample 164 of the Johnson O'Connor battery in
1944. This form showed reliability estimates from .92 to .95 and showed correlations
with Worksample 164 from .87 to .92. In this Manual, we distinguish Worksample 164,
the Inductive Reasoning Worksample of the Johnson O'Connor Aptitude Battery, from
Classification of The Highlands Ability Battery, although the two worksamples are
entirely similar in form, layout and psychometric properties. For the purposes of this
Manual, we refer to the ability being measured by Classification as Classification.
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RELIABILITY

Classification, The Highlands Ability Battery

The reliability of Classification of The Highlands Ability Battery was estimated
by internal consistency (odd/even split half). The possible scores of even items were
compared to possible scores of odd items to check that the reliability estimate was being
made on equally weighted items in the aggregate. The total possible scores of the odd
items was equal to the total possible scores of the even items. The obtained reliability
estimate was .86 (N=297)(Holland, 1994).

JOCRF

Shambaugh (1975) estimated the reliability for Worksample 164. The data for this
reliability estimate came from 100 male and 100 female 17-year-old examinees tested at
the Fort Worth office of the Johnson O'Connor Research Foundation. In addition to
finding the standard deviations of raw scores, this study computed the correlation of each
form with the total score. Reliability estimates for all forms was =.86 for males and
r=.82 for females.

The single odd/even reliability estimate of Worksample 164 yielded a reliability
figure of .87 (HEL, 1944).

Ball Aptitude Battery (BAB)

The test-retest reliability (six week interval) of the Inductive Reasoning test of the
BAB was estimated to be r=.71 (N=261) (Bizot, Dawis, and Goldman, 1993)

Long Term Stability

Several estimates of long term stability of Classification have been obtained.
JOCRF (Bethscheider, 1989a) reported repeated measures on Classification for 144
subjects. The median age at first testing was 18.0 years, and the median time interval
between testings was 4.4 years. The correlation between Classification at first testing and
Classification at second testing was found to be r=.56. This supports the assumption that
the ability measured by Classification remains stable over time. A more recent report
(JOCRF, 1994) indicated that the short-term reliability of the Inductive Reasoning
Worksample (Classification) is r=.95, while the long term stability is currently estimated
to be r=.65. These current reliability estimates are consistent with earlier reported
estimates. v

The Ball Foundation reported long term stability of the Ball Aptitude Battery
(Dawis, Goldman, and Sung, 1990). The Inductive Reasoning test of this battery is
essentially identical in form and format to the Inductive Reasoning test of JOCRF and
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Classification of The Highlands Ability Battery. The authors report r=.71 for a test-retest
interval of 6 weeks (N=121) and r=.51 for test-retest interval of 4 years. These data are in
substantial agreement with the data from JOCREF.
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GENDER DIFFERENCES

o

Consistent differences in scores on Classification (Inductive Reasoning on JOCRF
battery) have been studied by JOCRF and by The Highlands Program. JOCRF (Veccia,
1990) reported differences in male and female scores on the JOCRF battery. The N was
not available for the JOCRF data; however, using Cohen’s d (Cohen, 1988), they reported
small differences between scores of males and females (d=.15 - rated difference, small).

The Highlands Program reported results of a study with 2094 subjects who
participated in The Highlands Ability Battery from 1987 to 1993. This study reported
d=.31 indicating a medium difference between male and female scores on Classification.
Although the JOCRF data indicated a non-significant direction of difference in the female
direction, the data from The Highlands Program indicated a slightly larger difference in
the male direction. In any case the size of the differences is quite small, and is consistent
with the assumption that, although there is a statistically_significant difference between
males and females on Classification, this difference is not practically significant.
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ETHNIC DIFFERENCES

>

Using a non-selected sample of clients of The Highlands Program who sought its
life and career planning service, a study to determine occupational satisfaction and
income was carried out. This population had a mean age of 37. Of the 611 people who
participated in the study, 84, or approximately 14%, were of Afro-American ethnic
background, and 497, or approximately 81%, were of European/Caucasian ethnic
background. Comparing the scores of these two groups on Classification yielded the

following results:

Classification ~ Ethnic Differences

Afro-American European/Caucasian
Mean 43.38 46.76
SD 27.72 26.62
t= 1.04
P= 0.298
d= 15

These data show a statistically non-significant difference between the two groups
on Classification. The size of Cohen’s d indicates that the difference would be rated
small. These data provide evidence that a relatively small percentage of the variance
between scores can be accounted for from ethnic differences (at least between Afro-

American and European/Caucasian populations).
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ABILITY BATTERY INTERCORRELATIONS

The Highlands Ability Battery

Classification is a problem-solving test that loads on a holistic, right-hemisphere,
non-logical problem-solving path. We would expect Classification to correlate well with
other problem-solving tests. In addition, since the most efficient solution to the problem
of the test is through a holistic, right-hemisphere problem-solving method, we would
expect it to correlate well to other tests that load heavily on visual and spatial memory
and visual and spatial problem-solving. ‘

Given the construct that the test is measuring, we would not expect a high
correlation to Introvert-Extrovert, Generalist-Specialist, Grip, Idea Productivity, Manual
Speed and Accuracy, Number Memory, Pitch Discrimination, Rhythm Memory, Visual
Speed and Accuracy, Vocabulary, or Writing Speed.

Results are shown below:
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Classification r= =
Classification 1.000 2095
Concept Organization 3825 2090
Design Memory 3853 2095
Extrovert-Introvert 1 .0317 1544
Extrovert-Introvert 2 -.0570 554
Generalist-Specialist 1 -.0181 906
Generalist-Specialist 2 0112 2094
Grip, Left 1610 | 1777
Grip, Right 1596 | 1773
Idea Productivity 0984 2089
Manual Speed 1103 2088
Manual Accuracy 0331 2089
Number Memory 1574 2093
Observation 2974 2093
Pitch Discrimination .1455 2093
Rhythm Memory 1726 | 2094
Spatial Relations/Theory , -33 99 2090
Spatial Relations/V isualizatibn 2927 | 2092
Time Frame 2130 2094

'| Tonal Memory :1641 2094
Verbal Memory 2066 12082
Visual Speed 1512 2004
Visual Accuracy - -1201 1909
Vocabulary 1 0802 | 2020
Vocabulary 2 0404 | 1620
Writing Speed 0068 | 2095

Note: All correlations over .10 are significant.
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As can be seen from these data, Classification corresponds at a relatively high .
level with the spatial tests, Spatial Relations/Theory and Spatial Relations/Visualization,
the problem-solving test, Concept Organization, and the visual tests, Design Memory,
and Observation. These correlations are praétically, or nearly practically significant, and
are ones that would be expected by the definition of the construct.

Classification does not correspond at a very high level to Introvert-Extrovert,
Generalist-Specialist, Grip, Idea Productivity, Manual Speed or Accuracy, Pitch
Discrimination, Rhythm Memory, Tonal Memory, Visual Speed or Accuracy,
Vocabulary, or Writing Speed. This is as would be predicted by the construct.

The correlations of Classification with Time Frame and Verbal Memory are
interesting. Both of these measures load on the person’s ability to make difficult verbal
associations. The person high in Classification may be able to make these difficult
associations somewhat more easily than the person low in this ability.

Visual Speed and Accuracy

The Classification Worksample correlation that has been of most concern to
researchers historically has been its correlation with measures of Visual Speed and
Accuracy, or Graphoria (Johnson O'Connor). One aim of research has been to eliminate
any influence of clerical speed. Visual Speed and Accuracy is measured by a number-
checking test consisting of pairs of numbers. The examinee must indicate whether the
numbers in each pair are the same or different, and his score is based on both the speed
and the accuracy with which he does this. The following correlations (referred to the
median) have been observed between Classification and Worksample 164 and various
number-checking worksamples: Kyle & Moncada, 1972, r=.08; Brehler, 1973, r=.08.

11
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JOCREF Battery

r]

The following table summarizes the correlations of Worksample 164 with
other measures of aptitude administered by JOCRF. Unless otherwise indicated, all are
correlations referred to the median.

Correlatz'o;_fts with other Worksamples

WRKS. No. oF
164 TOTAL
WORKSAMPLE Form SEX Corrs. N RANGE SOURCE
Wiggly Block (Spat. FA M 1 278 27 Helme,1941d
Vis.) ; ‘
FA M 2 | 659 17 "
FI&EG M 8 {2080 23* M.Daniel,1975a
Wiggly Block (Spat. FI&EG F 3 448 22% M.Daniel,1975a
Vis.)
Black Cube FI&EG M 8 | 2080 23*
Finger Dexterity (Man. | FA M 1 387 20 Helme, 1942¢
Speed & Accuracy)
FA M 1 307 21 "
M 1 200 28 Brehler, 1972
Manual Dexterity (notin | FA M 242 | .10 Helme, 1942¢
THAB)
FA M 1 296 13
Personality (Gen.Spec.) | FA M 4 1060 09 | Liqueer, 1940
FI&EG | M&F | 5 983 -.06* | M.Daniel,
- 1975b
Idea Productivity FA M 2 | 321 13 | Luqueer, 1940b
‘ FA M 2 340 24 "
(21-27)
Number Memory FA M 1 177 .18 Helme, 1942b
FI&EG M 1 200 .18 Brehler, 1972
Grip FI&EG M 1 200 13 "
Observation FA M 1 188 24 Helme, 1942b
FI&EG M 1 200 26 Brehler, 1972
Analytical Reasoning FA M 1 269 34 Helme, 1942b
(Concept Org.)
FI&EG M 3 600 27 Brehler, 1972
(.27 -.28)
Design Memory FI&EG M 1 200 A7 "

12
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Time Frame FI&EG M 1 200 .07 Brehler,1972
Pitch Discrimination FI&EG M 1 200 13 " .
Rhythm Memory FI&KEG M | 1 200 .07 "
Timbre Discrimination FIKEG M 1 200 11 Brehler,1972
(not in THAB)
Verbal Memory FI&EG M 1 200 38 "
FI&EG M 1 191 23 Bitting&Daniel,
1974
Tonal Memory FI&EG M 2 400 .06 Brehler,1972
English Vocabulary FA M 4 759 15 Luqueer,1940b
(Vocabulary) (.09-.20)
FI&KEG M 3 540 13 Stitt,1957;
' (.07 -.17) | Brehler, 1972

*Spearman rank-order correlation

As can be seen with these data, the Inductive Reasoning Worksample of JOCRF
(Classification) correlated consistently at significant levels with Spatial Visualization,
Observation, Analytical Reasoning (Concept Organization), and Verbal Memory. This is
exactly the same factor structure observed with the tests of The Highlands Ability Battery
(Holland, 1994).

Ball Aptitude Battery

Crosscorrelations among the subtests of the Ball Aptitude Battery again yield the
same factor structure as observed with The Highlands Ability Battery and the JOCRF
battery (Bizot, Dawis, and Goldman, 1993). Inductive Reasoning (Classification) of the
BAB correlated at significant levels with Paper Folding (Spatial Relations/Theory)
(r=.50), Number Reasoning (a reasoning test with no exact correlate on The Highlands
Ability Battery) (r=.29), Analytical Reasoning (Concept Organization) (r=.33), and Shape
Assembly (Spatial Relations/Visualization) (r=.23). The following intercorrelations were
reported: ' '
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Intercorrelations of BAB for |
Classification (Inductive Reasoning)
N=120 | *
Source: Bizot, Dawis, and Goldman (1993)

Test =
Visual Dexterity -0.03
Idea Fluency 0.28
Specialist-Generalist 0.12
Writing Speed 0.05
Spatial Relations/Theory * 050
Vocabulary ] 0.22
Idea Productivity 0.24
Numerical Computation 0.14
Numerical Reasoning 0.29
Verbal Memory 0.08
Number Memory -0.10
Manual Dexterity 0.12
Grip -0.10
Concept Organization 0.33
Spatial Relations/Visualization 0.23
Discussion

The three ability batteries, The Highlands Ability Battery, the JOCRF battery, and
the BAB are composed of almost exactly the same tests, and are designed to measure the
same ability constructs. They each measure the construct Classification using exactly the
same test, and are factorially similar with respect to Classification. Classification, as a
test of reasoning, correlated consistently with the other reasoning test of all three batteries
(Concept Organization), and also correlated consistently with Design Memory,
Observation, Verbal Memory, and Spatial Relations/Theory. This . provides strong
evidence of the similarity of structure of the three batteries, and provides evidence that
the tests of Classification are measuring the same construct.
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OCCUPATIONAL STUDIES

Introduction

Validation research on Classification has primarily been concerned with the
relationship of worksample scores to suitability for particular occupations. Most of the
validation studies on Classification have examined the distribution of test scores of
people who are members of a given occupation. If people who have worked in a job for a
minimum number of years have a greater than chance likelihood of scoring high (or low)
on Classification, we infer that there are selective pressures operating which -produced
this result. These pressures might take effect at the point of job.entry: perhaps people
with a high (or low) score are more able to meet the entrance requirements of the
occupation, or perhaps people with a high (or low) score aré more likely to be interested
in the occupation. Or the pressures may operate after successful job entry: those with a
high (or low) score might have a better chance of earning their living in the occupation
and therefore staying in it, or those with a high (or low) score might be more likely to
find satisfaction in the job and hence be less likely to leave it for something else. In order
to determine which type(s) of selective pressure may be operating in a specific
occupation, one must have additional information, such as data on job performance or
satisfaction. Several of the studies of Classification have used such criterion data.

The cumulative evidence from previous occupational and other studies helped
clarify the nature of the ability being measured by Classification. Researchers deduced
from the list of occupations whose members scored high (or low) what job functions
Classification might relate to. More recent research by The Highlands Program attempts
to identify job function more explicitly. Rather than deducing what ability is being
measured by the worksample from global descriptions of job categories, The Highlands
Program hopes to identify what kind of task or function people with high or low scores
- will typically find difficult or easy. :

Classification is the ability to see relationships quickly among scattered facts or
observations. It has also been called inductive reasoning. The person with high
Classification has a knack for seeing a common element among ostensibly discrete ideas
or pieces of evidence. This ability is used in the practice of diagnostic medicine, law,
scientific research, editorial work, reporting, critical writing, and trouble-shooting.

JOCREF Studies

Professional Occupations

JOCRF has conducted numerous studies of the ability scores of groups of
individuals in selected occupations over the last 50 years. Given the assumption that there
is a normal selection process in occupations that selects against those who are not suited
by abilities for the occupation and that selects for those who are suited by abilities for the
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occupation these studies provide valuable information about the level of abilities that tend
to be present in individuals in particular occupations and provide validation information
about the construct of the ability itself. The following chart presents of summary of the
findings for several of these studies. The chart shows the group median percentile of
particular occupations. The occupational groups are presented in order of their
Classification scores with those occupations scoring the strongest at the top.

Classification (Inductive Reasoning) )
Johnson O'Connor Research Foundation Studies

= ‘Median %ile
Seed Company Salesmen (Bix, 1970) 19 88
Lawyers (Boyd, 1978) : 49 83
Construction Engineers (Brown, 1972) 26 79
Magazine Editors, Writers & Researchers (Seeley, 1941b; Tufts, 1941) 35 78
Computer Workers (Plancon, 1978) 87 73
Physicians (Daniel, 1976¢) . 76 67
Engineers (Brown, 1972) o 134 60.5
Insurance Actuaries (Ransom, 1976) 23 49
Teachers (Tatlock, 1972) 101 48
Salesmen (O'Connor and Kelliher, 1972) 108 47
Airplane Mechanics (Ricks, 1942) 20 40
Savings Bank Employees (Seeley, 1942b) 75 37

Follow-Up Study of Lawyers. (Boyd, 1978) In 1972, the Johnson O'Connor
Research Foundation conducted a follow-up study of individuals it had tested over the
previous 40 years and with whom it had maintained contact. Over 4,000 people .
responded to a mailed questionnaire about their experiences since being tested. Among
these people were 49 who at some time in their careers had practiced law, who had been
tested between 1949 and 1972, and who had taken forms F (FG or FI) and E (EE, EF or
EG) of Worksample 164. These people had been active in many different types of
practice, including trial work, corporate law, government law, patent law, teaching, and
private practice. Some had left law and were working in other fields (such as medicine or
engineering) at the time of the follow-up contact.

The median of the lawyers' scores is at the 83rd percentile, significantly higher
than the estimated median of 57 for 11,300 Laboratory examinees tested between 1949
and 1972 (Kolmogorov-Smirnov one-sample test, D= .267, P <.01). It is particularly
striking that almost half of the lawyers scored at or above the 90th percentile.

Follow-Up Study of Physicians. (Daniel, 1976c) Among the respondents to the
same 1972 follow-up study were 76 physicians, 17 of whom were in their residency at the
time of the contact and the rest of whom had been in practice for an average of 11 years.
These individuals reported a very high rate of satisfaction with their careers. Most of the

doctors (82%) had been tested at age 21 or younger.
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As a whole, the physicians score significantly higher than the general population
(Kolmogorov-Smirmov one-sample test, D= .175, P<.05). The comparison group for this
significance test includes 13,936 people tested between the 1930's and 1972. There 1s no
significant difference between the Classificafion score distributions of the 52 physicians
tested between 1949 and 1972 and the 49 lawyers tested in the same period (Mann-
Whitney u Test, u= 1081.5, P=.19) .

Follow-Up Study of Teachers. (Tatlock, 1972) At about the same time as the 1972
follow-up study, the Laboratory undertook an independent follow-up of teachers from
among past examinees.

There is no significant difference in either direction between the teachers' score
distribution and that of 13,936 Foundation examinees tested over the same time period
(Kolmogorov-Smirnov one-sample test, D= .076, P >.20) This conclusion is not altered
when we consider only those teachers who have 10 or more years' experience.

Follow-Up Study of Engiﬁeg' rs. (Brown, ‘-1'972)‘- Among""thé feépondents' to the

1972 follow-up were 134 past examinees who had at some time worked as engineers. -

The engineers' overall distribution of Classification scores is approximatély the
same as that of the general Foundation population (binomial test of difference in
proportions scoring A or B: z= 1.13, P >.25).

Study of Construction Engineers. (Brown, 1972) The Foundation tested 26
construction engineers employed by Company 1, a firm specializing in pipeline, utility
and highway construction. All the men were considered by management to be successful
in their jobs. The distribution of their scores on Worksample 164 forms FI & EG is
shown in Table 9. Their median score is at the 79th percentile, but the score distribution
is not significantly higher than that of the general Foundation population (Kolmogorov-
Smirnov one-sample test, D .244, P > .20).

Study of Insurance Actuaries. (Ransom, 1976) In 1975, the Laboratory tested 23
actuaries employed by Company 2, a major life insurance company. The examinees, all
male, were between 21 and 50 years of age (median: 26), and had been employed by this
company for one to 18 years (median: 3). Nine of them had five or more years'
experience in actuarial work. Five were full Fellows of the Professional Society of
Actuaries, and the rest had passed between two and nine of the 10 examinations required
for Fellowship. All held Bachelor's degrees from well-established colleges, where most
had majored in mathematics. Thirteen also held Master's degrees in actuarial science or
mathematics.

The actuaries' median score on Worksample 164 forms FI & EG was at the 49th
percentile. Nine men employed by the same company who had done actuarial work, but
who had switched to another job because they had made low scores on the examinations
or had a preference for other types of work, scored about the same as the 23 actuaries on
Classification-- their median score was at the 58th percentile.
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Other Occupational Groups
Magazine Editors, Writers and Researchers. (Seeley, 1941c; Tufts, 1941) In 41941,

the Laboratory tested 18 editors and writers and 17 researchers for Company 3, a national
business magazine. The average age of the editors and writers (all male) was 36, while
that of the researchers (all but one female) was 30.

Both the writers/editors and researchers average quite high on Classification.
Whereas the researchers score significantly higher than the general Foundation
population as inferred from the norms (Kolmogorov-Smirnov one-sample test, D= .492,
P< .01), the editors and writers do not (D= .221, P >.20). The norms used in 1941 were
smoothed age percentiles based on 2,525 cases. The general-population distribution of
obtained scores for 1941-5 (N= 198) is very even, indicating that those norms were
neither too easy nor too hard. Thus, there is reason to believe that the significantly high
score distribution of the magazine researchers is not an artifact.

Computer Workers. (Plancon, 1978) In 1976, the Laboratory conducted a follow-
up study of past examinees who had done computer work either as programmers or
systems analysts or as part of their jobs as researchers, scientists, engineers, managers,
etc. Only those individuals were included "..whose daily work (as indicated on a
questionnaire) consisted of technical problem solving, consulting, or managing or
instructing other EDP personnel." (Plancon, 1978) About four-fifths of the individuals
were males. They had from 2 to 24 years of experience working with computers (mean:
7.3 years). They had been tested between 1940 and 1976 (mean: 1963).

Computer workers, especially programmers, score higher than the general
Foundation population on Classification. The entire group of computer workers scores
significantly higher than the general population (Kolmogorov-Smirnov one-sample test,
D=.214,P <.01). ,

Follow-Up Study of Salesmen. (O'Connor and Kelliher,- 1972) Among
respondents to the 1972 follow-up study were 108 people who had worked as salesmen.

Overall, these salespeople score slightly but not significantly lower than a sample
of 13,936 general Foundation examinees tested during the same time period
(Kolmogorov-Smimov one-sample test, D= .076, P> .20). There is no tendency for sales
representatives with more years of experience to score lower on Classification than those
with less experience. Thus there is no evidence in this study that persons high in
Classification leave sales more often than those who are low in Classification.

This distribution is significantly lower than the age-adjusted norms (binomial test
of proportion grading A or B; z= 4.33, D<.0001).

There was a slight tendency for those scoring over the 25th percentile on
Classification to have a better sales record than those scoring lower than the 25th
percentile.

Seed Company Salesmen. (Bix, 1970) The Foundation tested 19 salesmen of
Company 5, a seed producer and distributor, between approximately 1966 and 1969, and
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compared their scores with their sales records for the period July 1, 1969 to June 30,
1970.

The salesmen score higher, but not significantly so, than general Foundation
examinees tested during the same period (Kolmogorov-Smirnov one-sample test, D=.294,
P <.10). The Spearman rank-order correlation between Classification score and sales
volume (in dollars) is .01.

Savings Bank Employees. (Seeley, 1942b) In 1941, the Laboratory tested 75
employees of Company 8, a large New York savings bank. The employees (58 males, 17
females) ranged in age from 17 to 39 (median: 29) and had from 1 to 18 years of
experience in banking. There were 23 tellers, 15 bookkeepers, 12 secretaries, 7
interviewers, 5 accountants, 5 messengers and 8 unclassified.

This sample of bank employees scored lower than the general Foundation
population but the difference is not statistically significant (Kolmogorov-Smirnov one-
sample test, D= .143, .05< P< .10). The lowest score distributions were those of the
tellers (median 28th percentile) and bookkeepers (median 39th percentile), while the
highest belonged to the accountants (median 47th percentile) and secretaries (median
49th percentile). '

Airplane Mechanics. (Ricks, 1942) The Foundation tested 10 airplane mechanics,
5 flight engineers (who had been mechanics previously) and 5 instrument mechanics
employed by Company 10, a major United States airline, in April and May of 1941. This
sample, all men, were selected for testing by the division engineer and were among the
best examples available of the type of mechanic desired by Company 10. The mechanics
ranged in age from 23 to 34. The airplane mechanics scored significantly higher than the
general Foundation mean for Classification (P<.01).

Occupational Monographs

JOCRF has published a series of occupational monographs concerning various
professional occupations (Trafton, 1979; Tal, 1986; Daniel, 1983; Bethscheider, 1989;
Brodie and Foxley, 1982; Tal, 1985). The following table summarizes these findings with
regard to Classification (identical to Inductive Reasoning on the JOCRF battery).
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Scores By Occupations On Classification
(Inductive Reasoning)
Johnson O'Connor Research Foundation *

Occupaion Mean (%ile) N=
Physicians 66 69
Guidance Counselors 66 . 49
Journalists 58.9 26
Actuaries 55 53
Dentists : 47 116
Musicians 42.5 14
Baseline 50 300

Sources: Trafton (1979a); Tal (1986); Daniel (1983a);
Bethsheider (1989b); Brodie and Foxley (1982);
| | Tal (1985)

Summary of Findings of Johnson O’Connor Occupational Studies

We would predict based on the construct definition of Classification that
occupations that require quick decision-making and problem-solving would strongly use
Classification. Consulting occupations, such as physicians, lawyers, and consulting
engineers would be predicted to use Classification because in these occupations, the
person is typically presented with a set of data in a face-to-face situation and expected to
come up with an on-the-spot answer. On the other hand, occupations that require more
careful, logical problem-solving, and in which there is ample time to develop solutions,
would load against Classification. In like manner, for occupations in which the person
was expected to do similar tasks all day long, and which did not require new solutions
high Classification may well be counterproductive. ‘

We see in these occupational studies of JOCRF that the following occupations
" score higher than the norm: lawyers, physicians, engineers, computer workers,. face-to- -
face sales representatives. The following occupations were not different from the mean:
teachers, actuaries, and general sales personnel. The following occupations were lower
than the mean: savings bank employees, airplane mechanics. The high group were all in
occupations that require fast, sure, seat-of-the-pants problem-solving and decision
making. The low group, on the other hand, were in occupations that require careful,
logical decision making, and/or highly repetitive tasks. The occupations of people in the
middle group are neutral with respect to Classification: they neither heavily use
Classification nor do they select against it. For these occupations, Classification offers no
significant advantage or disadvantage.

The occupational studies of JOCRF provide positive evidence of the significance
and validity of the ability construct measured by Classification.

20



Classification

Ball Foundation Studies

Like the Inductive Reasoning subtest of the Johnson O'Connor battery; the
Inductive Reasoning subtest of the Ball- Aptitude Battery is exactly similar to
Classification of The Highlands Ability Battery. A number of studies were undertaken
using this battery between 1975 and 1984 (Bizot, Dawis, and Goldman, 1993). The
results are summarized below.

Scores By Occupations On Classification }
(Inductive Reasoning)
Ball Foundation
Occupation Mean= SD= N= P=
Administrative Assistants 237 3.12 46 <.001
Elementary School Teachers 23.55 : 3.21 66 <.001
Maintainance Technician 233 3.78 40 0.02
Plumbers (trainees) 22.95 3.18 95 0.01
Dental Lab Technicians : 22.85 3.62 60 0.06
Senior Accounting Partners 22.82 2.65 17 0.13
Secretaries 22.79 3.47 38 0.11
Agricultura} Packer 22.76 3.31 46 0.09
Communications 22.7 247 20 0.14
Customer Service Assist. 22.69 2.73 48 0.07
Office Clerks 22.67 3.32 57 0.10
Scientific Helpers (Botany) 22.64 4.21 44 0.20
Senior Autditors 22.47 2.61 57 0.15
Horticulturist (trainees) 2243 343 248 0.09
Staff Auditors 22.42 2.59 88 0.14
Carpenter (trainees) 2242 3.18 355 0.06
Career Counselors 224 4.33 42 0.32
Graphic Artists 22.36 2.93 28 0.32
Managers 22.33 2.83 32 - 0.32
Wholesalers (seeds) . 2233 3.19 42 |- 032
Bank Teller - 12233 4.11 67 | 032
Audit Clerk 22.3 ‘ 3.78 . 50 0.35
Standardization Sample 22.09 3.54 . 837 0.50
Cosmetic Salespeople 21.86 3.67 57 0.32
Sheet Metal Workers (trainees) 21.81 3.44 148 0.18
Commercial Pilots 21.48 3.6 - 25 0.20
Route Sales Reps 21 6.08 363 <.001
Word Processors (trainees) 19.47 4.1 88 <.001
Source: Bizot, Dawis, & Goldman, (1993)

For the occupations studied, the only significant differential from the mean of the
standardization sample was for elementary teachers and for administrative assistants.
Both of these occupations clearly require the sort of quick, seat-of-the-pants style of
problem-solving described by the construct of Classification. Most of the occupations in
this study were neutral with respect to Classification. There may be some selection
against Classification with Route Sales Representatives and Word Processor Trainees;
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however, the differences from the mean of the standardization sample are small, although
statistically significant.

Fl

These data were grouped somewhat differently by Sung and Dong, (1984).

Ball Aptitude Battery | |
Classification (Inductive Reasoning) vs Occupation
Job Title Mean = Sb= P=
Teachers 2426 93 2.8 <.001
Accountant 23.41 64 2.78 <.001
Horticulturists 22.6 95 3.17 0.18
Carpenters 22.51 194 33 0.15
Sales 22.44 61 348 0.52
Clerical 22.34 29 4.84 0.83
High School Students 21.75 1029 3.96 . 0.01
Pilots 21.68 19 3.73 0.59
Grouped Data 22.15 1584 371 .

‘| Source: Sung and Dong, 1984.

Again, it is clear in this grouping that teachers and accountants are the only
occupational categories that are significantly different from the mean of the grouped data.

When looked at in terms of functional description, we can see Classification as the
ability to solve problems of a particular type and in a particular manner. It can be
characterized as a quick, "seat-of-the-pants" type of problem solving. It is valuable for
people who must think on their feet, and who are presented with problems to solve on a
regular basis during their work day. When a job is more routine and does not necessitate
quick problem-solving, or does not involve much handling of new situations,
Classification is not an asset, and in fact would lead to rapid dissatisfaction with the

work.

Teachers and accountants score significantly higher than the mean of the BAB
samples. Both of these jobs require quick response to unpredictable situations. Teachers
must handle problems and questions that come up in class; accountants must handle the
multiple problems and interpretations presented by individual tax problems.

The middle level of Classification-- those that do not differ significantly from the
mean--takes in a wide variety of job descriptions. These are people with jobs that require
a certain amount of problem-solving with new situations, but in which the main bulk of

the work is fairly routine.

In the research undertaken by the Johnson O'Connor Research Foundation,
teachers have not typically scored in the high range on Classification. The great majority
of this research is more than 20 years old. Given that the BAB data is for high school
teachers and is more recent, we could hypothesize that a) the teaching profession is
different at different age levels (elementary, junior high, high school, college), and b) the
teaching profession has changed in its demands over the last 20 to 30 years. Both of these
hypotheses seem quite reasonable.
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COMPARISON WITH MARKER TESTS

Introduction

Several ability batteries have been published that measure many of the same
abilities measured by tests of The Highlands Ability Battery. The Comprehensive Ability
Battery (CAB, Hakstian and Cattell, 1976), The Differential Aptitude Tests (DAT, The
Psychological Corporation, 1992), and the General Aptitude Test Battery (GATB, U.S.
Department of Labor, 1970, 1979b, 1980) are all batteries of ability measures that test for
a wide range of abilities, the constructs for which are the same as those measured in The
Highlands Ability Battery. The Kit of Factor-Referenced Tests developed by Guilford
(Ekstrom, French, and Harman, 1976) has long been used to provide marker tests for
specific abilities. The Employee Aptitude Survey (Ruch and Ruch, 1980) has been used
for decades as a measure of abilities in industrial apphcatlons as well as executive and
managerial applications with a database of over 12,000 cases.

Comprehensive Ability Battery

The Ball Foundation compared the tests of the BAB to tests of the Comprehensive
Ability Battery (Hakstian and Cattell, 1976; Bizot, Dawis, and Goldman, 1993). It was
found that the Inductive Reasoning test of the BAB (Classification) correlated at r=.26
(P<.001) with the Inductive Reasoning test of the CAB. In addition, it was found that the
Inductive Reasoning test of the BAB (Classification) correlated with Spatial Ability
(r=.33), Number Ability (r=.21), Mechanical Ability (r=.24), Meaningful Memory
(=.30), and Aiming (r=25). This corresponds very closely to the observed
intercorrelations of Classification with Spatial Relations/Visualization, Verbal Memory,
Design Memory, Observation, Spatial Relations/Theory, and Concept Organization. This
is, of course, very similar to the observed factor structure of The Highlands Ability
Battery with regard to Classification.

Kit of Factor-Referenced Tests

In 1994, The Highlands Program undertook to validate The Highlands Ability
Battery by comparing the subtests of the battery to marker tests of the Kit of Factor-
Referenced Tests (Ekstrom, French, Harman, 1976; Holland, 1994). In accordance with
recommendations of the Manual of the Kit, two marker tests were used to compare the
Kit with each test of The Highlands Ability Battery in two separate studies. These are
reported as Study 1 and Study 2 below. Correlations between each of the marker tests and
each of the other tests of The Highlands Ability Battery are shown. Kit tests show the
name of the test with the corresponding test of The Highlands Ability Battery in
parentheses. The results of this study for Classification are summarized below:
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Classification vs. Marker Tests of Kit of Factor-Referenced Tests (Study 1)

Ability Worksamples and Marker Tests Correlation | Number of "
Coefficient Cases Significance

Concept Organization .2808 198 005
Design Memory .2411 197 .008
Extrovert .0609 184 582
Topics Test (Idea Productivity) 0937 198 359
Generalist - Specialist .0371 197 718
Grip/Left .0731 196 479
Grip/Right : 1222 196 235
Letter Sets Test (Classification) 3460 198 001
Idea Productivity -.0951 198 351
Object-Number Test (Verbal Memory) .2409 198 017
Manual Accuracy .0199 198 .846
Manual Speed 2195 198 . : .030
Shape Memory Test (Design Memory) 2787 198 .005
Building Memory Test (Design Memory) ST 2232 198 027
Number Memory . .0492 - 198 631
Observation 2612 198 ! .009
Number Comparison Test (Visual Speed, Visual -.0893 198 382
Accuracy) . .

Pitch Discrimination ) 1862 198 .066
Rhythm Memory ~ 1125 198 . .270
Diagramming Relationships Test (Concept| - .0069 198 .946
Organization)

Card Rotations Test (Spatial Relations/ 3058 198 002
Visualization)

Spatial Relations/ Theory ’ 2364 198 .005
Spatial Relations/ Visualization .3169 198 001
Time Frame Orientation 1101 198 280
Tonal Memory 2072 198 .019
Verbal Memory .0405 198 C 692
Visual Accuracy . ) - -.1626 . 198 110
Vocabulary » . .2209 198 .029
Visual Speed . -.1035 198 310
Vocabulary Test (Vocabulary) 1182 198 246
Form Board Test (Spatial Relations/ Theory) .2985 198 .001
Writing Speed .0208 197 .840

Source: The Highlands Program
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Classification vs. Marker Tests of Kit of Factor-Referenced Tests (Study 2)

Ability Percentile and Research Test Correlation | Number
Coefficient | of Cases Significance

Concept Organization 4585 135 .006
Design Memory 2373 135 .004
Extrovert -.0724 135 .680
Theme Test (Idea Productivity) 2517 135 .145
Generalist - Specialist -.2381 135 .168
Grip/Left .0161 - 135 927
Grip/Right -.0111 135 .969
Figure Classification Test (Classification) 4127 135 .002
Idea Productivity .1620 135 352
First and Last Names Test (Verbal Memory) 2567 135 137
Manual Accuracy -.1156 135 509
Manual Speed .0443 135 .801
Map Memory Test (Observatlon) 4439 135 008
Number Memory 1718 135 324
Observation 3980 135 .008
Identical Pictures Test (Visual Speed, Visual .3858 135 022
Accuracy)

Pitch Discrimination .1016 135 .578
Rhythm Memory 1011 135 517
Inference Test (Concept Organization) .3023 135 .009
Cube Comparison Test (Spatial Relations/ | 3387 135 007
Visualization)

Spatial Relations/ Theory 3618 135 .003
Spatial Relations/ Visualization .2425 135 .050
Time Frame Orientation 2105 135 225
Tonal Memory 2146 135 216
Verbal Memory 3582 135 035
Visual Accuracy 2292 135 .185
Vocabulary .3675 135 .030
Visual Speed .1871 135 282
Vocabulary Test (Vocabulary) 4879 135 - .003
Paper Folding Test (Spatial Relations/ Theory) 3825 135 023
Writing Speed .1858 135 .096
Planning Patterns Test (Design Memory) 3249 135 010

Tests that are related to Classification are shown in bold. As can be seen from
these data, Classification correlated significantly with the two marker tests of the ability
construct of Classification (Letter Sets Test, r=.34, P=.001; Figure Classification Test,
=41, P=.002). Just as importantly, Classification also correlated significantly with
marker tests designed to measure abilities that are related to Classification (Concept
Organization, Design Memory, Observation, Spatial Relations Visualization and Theory;
marker tests: Shape Memory Test, r=.28, P=.005; Building Memory Test, r=.22, P=.03;
Card Rotations Test, r=.31, P=.002; Form Boards Test, r=.30, P=.001; Map Memory
Test, r=.44, P=.008; Inference Test, =30, P=.009; Cube Comparison Test, r=.34,

25

Source: The Highlands Program

-



Classification

P=.007; Paper Folding Test, r=.38, P=.02; Planning Patterns, r=.32, P=.01) in the factor
structure of the test battery (see Holland, 1994).

The only marker test that did not correspond well to the factor structure of The
Highlands Ability Battery was the Diagramming Relationships Test. This test does
correlate well to Concept Organization (r=.41, P<.001), which it is a marker test for;
however, the correlation with Classification is low. It is clear that the connection between
Concept Organization and Classification that makes them correlate well with each other -
both being tests in the same domain of reasoning and problem-solving abilities - is not
tapped by the Diagramming Relationships Test.

This study provides strong evidence for the validity of the Classification test.
Classification not only correlates significantly with tests of the Kit of Factor-Referenced
Tests that are designed to measure the same construct as Classification, but it also
correlates significantly with other tests of the Kit that are designed to measure abilities
that have been shown to be factorially related to Classification. It can also be seen that
Classification does not relate at high levels with tests that are not factorlally related to the
ability construct being measured. :
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RELATIONSHIP OF CLASSIFICATION TO SATISFACTION AND SUCCESS
IN OCCUPATIONAL FIELDS

Corollary 6 of the Theory of Abilities would lead one to expect that being in an
occupational field that matches one’s ability pattern would lead the person to be more
successful in that field and also more satisfied with that field. Conversely, if a person
were in an occupational field that did not match one’s ability pattern, this should lead the
person to be less successful in that field, and less satisfied with it.

In 1994-1995, The Highlands Program carried out a research program with
subjects who were participants in The Highlands Program’s testing and workshops. The
Highlands Program gathered occupational, income, and satisfaction data on an unselected
sample of its clients (N=611). The Highlands Program is a private educational career and
life planning service, and The Highlands Ability Battery forms the first part of the
program for all of its clients. The sample was derived from regular clients of The
Highlands Program in its offices in Atlanta, Georgia, and Washington, D.C., for whom
occupational data could be collected (a high percentage of those in high school and
college had never worked). The age range was 16 to 62; median age was 37; modal age
was 46; and mean age was 37.7. The sample consisted of 234 males and 377 females. The
following information on the highest degree earned was obtained for this sample:
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Highest Degree Earned - Sample (N=611) R
Degree N="
H.S. or Less 1271
Associate 28
Bachelor (B.A.or B.S.) | 259
Masters (M.A. or M.S.) . 124
Doctorate (Ph.D.) 29
MB.A. ’ 22
Law 25
Medicine/Dentistry 1

This sample reported the following information on ethnic background:
Ethnic Background - Sample (N=611)

Ethnic Background N=
Afro-American 84
European/Caucasian 497
Asian-American 8
Hispanic 7
Native American 10

The average time in the present career field for the entire sample was 6.14 years.

Using information from the U.S. Department -of Labor (1970, 1979a,b, 1980,
1991) on the ability requirements for different Occupational Aptitude Patterns (OAP’s),
31 OAP’s identified by the Department of Labor were divided for Classification into
those for which an ability was considered useful and/or necessary. In addition a further
division was made for Classification for those occupations for which Classification may
be a counter-indicator for success and/or satisfaction. The last grouping of occupations
was for those occupations for which the ability should not affect job role performance
either way. We could then compare each subject’s actual ability score with both reported
income range (success) and with reported satisfaction in the occupational work role,
separating those who were in work roles for which the ability was particularly meaningful
(High), for which the ability was negatively meaningful (Low), and for which the ability
had no relevance (Neutral). We would expect the correlation between the ability and
success and satisfaction to be quite strong in the High group, low or negative in the Low
group, and somewhere in the middle for the Neutral group.

28



Classification

The following tables summarize the division of OAP’s for occupational categories
that require high and low Classification, as well as those categories for which
Classification, either high or low, does not have any particular relevance. Notice that this
listing is a very close match for the occupational data gathered on abilities reported

above.

High Classification
OAP Code Pattern Description
1.01 Literary Arts
2.03 Medical Sciences
4.02 Security Services
8.01 Sales Technology
11.02 Educational Services
11.03 Social Research
11.04 Law
11.05 | Business Administration
11.08 Communications
11.09 Promotion
11.10 Regulations Enforcement

Low Classification

OAP Code Pattern Description
3.04 Elemental Work (plants)
4.01 Law Enforcement
5.03 Engineering Technology
5.11 Elemental Work
11.07 Services Administration
11.11 Business Management

Neutral Classification

OAP Code Pattern Description
1.02 Visual Arts
1.04 Performing Arts
1.06 Craft Arts
2.04 Laboratory Technology
5.01 Engineering
7.04 Oral Communications
7.07 Clerical Handling
8.02 General Sales
9.01 Hospitality Services
10.01 Social Services
10.03 Child and Adult Care
11.01 Mathematics/Statistics
11.06 Finance

29



Classification

The following table summarizes mean score levels for these three groups of
occupations:

o’

Classification | |
Direction and significance of difference between means
of Whole Group (WG), High, Low, and Neutral loading groups.
Group Mean SD N=
WG 45.79 26.78 611
Group 1 (High) 50.41 27.83 198
Group 2 (Neutral) 43.55 26.54 208
Group 3 (Low) 43.86 25.64 205
Difference Between: Direction t= P=
WG/High Group 1 (High) -2.05 0.041
WG/Neutral WG 1.05 0.293
WG/Low WG 0.92 0.355
High/Neutral Group 1 (High) 2.54 0.011
High/Low Group 1 (High) 2.46 0.014
Neutral/Low Group 3 (Low) -0.12 0.903

‘As can be seen from these data, the High group was significantly higher than
either the Low or Neutral groups. These two groups were not significantly different from
each other. These findings give support to the notion that the High group of occupations
does indeed select for those individuals who are strong in Classification.

When we look at satisfaction and success within these three groups, the picture
that emerges is more clear.

Clients’ actual scores on Classification were compared to their reported
satisfaction with their current jobs, and to their reported income range. Clients reported
their current job satisfaction on a scale of 1-10, and reported their current income range
on a scale of 1-15. Mean reported satisfaction was 5.03; mean reported income group was
6.43. Mean percentile score on Classification was 45.79; médian percentile was 39.

For the total group, Classification correlated to satisfaction in current job at r=.21.
. This was statistically significant, but not practically significant. Classification compared
to reported income at a lower level (r=.10, P=.01). When the whole group was split into
three different groups according to the Occupational Ability Pattern grouping for
Classification above, the following correlations were obtained:
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Classification
Classification compared to Income and Job Satisfaction
for occupations with high, low, and neutral loadings. ?
= P=
Total Group (N=611)
vs Income 0.10 0.01
vs Job Satisfaction 0.21 <001
Group 1 (High Loading, N=198) : ~
vs Income 0.28 <001
vs Job Satisfaction 0.51 <.001
Group 2 (Neutral Loading, N=208)
vs Income 0.13 0.07
vs Job Satisfaction 0.17 0.01
Group 3 (Low Loading, N=205)
vs Income -0.11 6.11
vs Job Satisfaction -0.17 0.01

These results provide rather dramatic evidence that scores on Classification are
significant indicators of both success (measured by reported income level) and
satisfaction in those occupational groups for which it is a significant ability. It is
particularly interesting that in the occupational groups for which Classification has
negative loading (that is, low levels of Classification are more helpful in performing these
jobs than high levels), there is in fact a significant (though small) negative correlation

with satisfaction.
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SUMMARY AND DISCUSSION

»

The occupational study results supports the conclusion that Classification,
measures a particular type of reasoning ability, inductive reasoning, as it has been defined
above. Lawyers, physicians, and magazine researchers and writers score high; actuaries,
teachers, mechanics, engineers and bank employees score average or below. There
appears to be no relationship between Classification and general academic progress or
scores on the Mathematics SAT. This suggests that Classification is distinct from a
general reasoning ability such as would be measured in part by general intelligence tests.

The other way in which we can approach validation is to assume that we know
what it is Classification measures, and to then make inferences about the degree to which
different occupations use this ability. The fact that lawyers overwhelmingly score high
on this test is an important result. Inductive reasoning seems particularly important in
law. Magazine researchers also score extremely high. Physicians and computer workers
score high, but not nearly so high as lawyers. The low scores of bank employees may
indicate that there is particularly little outlet for Classification in that occupation.

The general inference that can be made about the particular job functioning
measured by Classification is that jobs that require rapid, accurate decision-making,
particularly in the face-to-face situation of legal or medical consultation, tend to load on
this ability. On the other hand, jobs that require extremely accurate and, above all,
predictable decision-making, particularly ones in which there is neither the social nor
work-demanded press for very rapid decision-making, do not load on Classification.
Among jobs that can be described in this way are engineering, banking, mechanical and
equipment service and repair, and management. Sales in general does not require either
rapid inferential or detailed logical type of decision-making.

It is helpful to look at the two studies quoted above for seed company marketing
managers (study 19) and seed company product managers (study 20). Both of these
groups worked in the same company, and the two studies were roughly contemporaneous.
The marketing managers worked directly with suppliers and customers and had
responsibility for on-the-spot decision-making. The product managers, on the other hand,
dealt with company employees only and had general managerial duties only. The
marketing managers scored significantly higher as a group than the product managers. In
addition, there was a significant difference between the more successful group of product
managers and the less successful group. The less successful group scored higher in
Classification than the more successful group. This is consistent with the theoretical
construct of managerial ability that states that high Classification is a liability for
managers.

There have been a number of theories advanced for this view. Classification is
regarded as a diagnostic, problem-solving ability. Its hallmark is that it is quick and does
not use the linear logic of Concept Organization. People who are high in Classification
are able to see the problems in a plan or program very quickly and easily. Unless the
person high in Classification exercises considerable self-discipline, he or she can be quite
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indecisive as a manager or decision-maker. Very few entrepreneurs or high-level
managers score high in Classification.

-

Lastly, The Highlands Program study provides very powerful evidence for the
validity of Classification as a significant factor in both satisfaction and success within
certain occupational fields. Although there is a statistically significant correlation
between Classification and both success and satisfaction overall (as might be expected,
given that Classification is a reasoning ability and might be expected to correlate at least
somewhat with g), there is a far more dramatic correlation between Classification and
satisfaction (and success, though 'less dramatic), in those occupations that load
particularly on this ability. There is also a slight negative correlation between
Classification and satisfaction in those occupations that load negatively on Classification.
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INTRODUCTION

Virtually all intelligence theorists and analysts include factors for verbal
comprehension, verbal reasoning, and numerical reasoning in their models and factor
structures of primary human abilities (e.g., Lowman, 1991; Hakstian and Bennett, 1977;
Irvine and Berry, 1988; Pawlik, 1966; Thurstone, 1938). Greeno (1989) defined critical
thinking as the ability to think reflectively, rather than by rote, in the evaluation of
constructs. Gardner’s (1983) theory of multiple intelligences included linguistic
intelligence and mathematical-logical intelligence as separate intelligence domains.
Krutetskii (1976) found in school age populations a number of components of math
ability, including logical thinking; rapid, broad generalization ability; ﬂex1b111ty of
thinking; and generalized math memory, among others. -

Broad cognitive ability tests generally find a verbal ab111ty factor or factors (Beck,
et al., 1989; Johnson and Nagoshi, 1985) and often find a related but separable numerical
ability factor (e.g., Hakstian and Cattell, 1974). R.B. Cattell (1987) identified verbal
ability and numerical ability as well as deductive (logical evaluatlon) reasoning and
inductive reasoning.

The Kit of Factor Referenced Cognitive Tests (Ekstrom et al., 1976) includes
several cognitive aptitude factors in a model of primary abilities. These include (with the
number of marker variables in parentheses following each aptitude: Verbal
Comprehension (5); Logical Reasoning (4); General Reasoning (3) and Number (4).

Verbal abilities have generally shown high inter-test correlations, so that a single
factor or a small number of verbal ability factors are typically found. Verbal factors
generally assess understanding of words and ideas (verbal comprehension) and logical
reasoning with words (verbal reasoning) and are typically measured by reading
comprehension, vocabulary, synonyms, proverb, and analogy tests. In the verbal
reasoning area, Pawlik (1966) identified three verbal reasoning factors in addition to the
verbal comprehension factors: Deduction, applying a rule-or-a general principle to a
specific case; Induction, discovering a rule or a principle from case examples; and
General Reasoning, whose exact meaning is somewhat ambiguous. Cattell (1987)
differentiated these factors from those associated with more creative abilities, such as
word and ideational fluency. A factor analysis of both convergent and divergent higher
order thinking ability measures revealed three major factors: judgment, verbal-spatial
reasoning, and an inferential/deductive factor (Fontana, et al., 1983). Gardner (1983)
identified four aspects of linguistic intelligence. Three of these seem especially relevant
for carcer assessment: the persuasive aspects of language, its use in remembering
information, and its use in educating others.

When multiple batteries of reasoning and genera] intellectual abilities are
administered, verbal and numerical ability factors generally show fairly high correlations
with each other (Hakstian and Cattell, 1974; Pawlik, 1966). A high correlation between
overall intelligence and verbal and numerical abilities has also been reported (Hom and
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Cattell, 1966), possibly enhanced by the tendency to measure general intelligence in ways
that emphasize these components of the ability.

»

Verbal ability must be differentiated from verbal fluency, which refers to the rapid
and sometimes creative production of words or selected words rather than the convergent
type of verbal ability measured by most verbal comprehension tests (Richardson, 1986).
Note also that the results of The Highlands Ability Battery show very low correlations
between its reasoning measures (Concept Organization and Classification) and its
measure of verbal fluency, Idea Productivity (Concept Organization, r = .1627, N=2088;
Classification, r = .0984, N=2089; see Holland, 1994). Daniel (1983c) shows similarly
low correlations between these measures on the test battery given by HEL.

Gardner (1983) noted, as have other investigators, a relation between logical-
mathematical talent and musical ability.

Thurstone (1938; Thurstone and Thurstone, 1941) identified one to three
somewhat distinct reasoning factors. The clearest of these was labeled induction (1)

because the tests which defined the factor all required that a general rule be inferred from

a set of examples. Some of the tests having high loadings on this factor are: Figure
Classification, in which two or more sets of figures are presented and the examinee must
discern the rule by which figures can be assigned to the sets; Number Series; Marks
(Locations), in which the examinee must infer from several examples the rule governing
the placement of a mark in a row of dashes and spaces; Tabular Completion, in which
missing entries in a table of data must be filled in; Letter Series; and Letter Groupings
(Letter Sets). Two other factors were less well defined and were not always found in
factor analyses. One, referred to as restrictive reasoning because the defining tests involve
some restriction in the solution, had high loadings for Arithmetic Reasoning and
Numerical Judgment tests. The other, labeled deduction, is defined by tests of syllogistic
reasoning such as False Premises (Nonsense Syllogisms).

The studies have not been consistent in the reasoning dimensions they produced.
For example, the Arithmetic Reasoning test loaded at various times on the induction,
restrictive reasoning and deduction factors. Such variability in results is partly due to
differences in the composition of the test batteries used. However, it also reflects the fact
that any reasoning task requires the application of more than one factor of reasoning. For
example, on an induction test one uses deduction when applying an inferred rule to the
examples to see if it fits. for this reason, it is to be expected that reasoning factors will be
moderately correlated with one another.

Later factor analytic investigations of reasoning tests were conducted by a number
of researchers. During the Second World War, the Army Air Force studied many tests
and tended to find a general reasoning factor defined by such tests as Arithmetic
Reasoning, Spatial Reasoning (a variant of the Marks or Locations test), Figure
Analogies and Number Series (Guilford and Lacey, 1947). However, these experimenters
included few or none of the tests that had previously been found to define the induction or
deduction factors. Adkins and Lyerly (1952) found a deduction factor with high loadings
for False Premises and Verbal Analogies, and three induction factors which differ in their
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emphasis on hypothesis formulation versus hypothesis testing. They grouped three Figure
Classification tests with a factor of flexibility of perceptual closure, based on research by
Pemberton (1952) showing a relationship between these two types of tests. Research by
Guilford and his associates (Michael, Guilford, Fruchter, and Zimmerman, 1951; Green,
Guilford, Christensen, and Comrey, 1953; Guilford, Green, Christensen, Hertzka and
Kettner, 1954) tended to support the existence of three reasoning factors: general
reasoning (arithmetic reasoning), logical reasoning (deduction), and induction.

Analyses over the last twenty years have in general confirmed the categorization
of reasoning factors presented by Guilford. The ETS Kit of Factor-Referenced Cognitive
Tests (Ekstrom, French and Harman, 1976) provides marker tests for the three factors,
which it describes as follows:

General Reasoning: The ability to select and organize relevant information for the
solution of a problem.

Logical Reasoning: The ability to reason from premlse to conclusion, or to
evaluate the correctness of a conclusion.

Induction: This factor identifies the kinds of reasoning abilities involved in
forming and trying out hypotheses that will fit a set of data. The ability to find a common
element in a set of data.

Ekstrom et al. point out that induction may include several sub-abilities, one of
which would be that measured by the Figure Classification test. They also note that
logical and general reasoning cannot always be clearly distinguished; both involve the
serial processing of information, but the type of information differs (numbers versus
words).
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HISTORY

The Concept Organization test was designed to measure the person’s ability in
deductive, as opposed to inductive, reasoning. Further, it was designed to do so without,
as much as possible, measuring either general verbal ability, or general intellectual
ability. This was accomplished by making the test as non-verbal as practically possible,
and having the words used in it to be common English nouns. Correlation of Concept
Organization and Vocabulary is typically low to moderate (Vocabulary 1, r = .30;
Vocabulary 2, r = .20; see Holland, 1984). HEL reports similar correlations (Daniel,
1982).

In the Concept Organization test the person is asked to take a number of objects
(words) and arrange them according to a given pattern. The test is highly speeded;
however, there is a relatively low correlation with Visual Speed (r = .23) or Writing
Speed (r = .09).

In the Concept Organization test, the examinee must arrange a set of words in a
pre-determined pattern so that the words form a logical or temporal sequence. The
Concept Organization test is a group administered, paper-and-pencil test in which the
examinee is given the set of words, along with a pattern within which to arrange them.
The examinee is given a certain amount of time to work on the problem, and is then asked
to write down his or her final answer on a separate pattern blank.

The Concept Organization test is based on Worksample 244 of the Johnson
O’Connor ability battery (Analytical Reasoning), an individually administered test that
shows the examinee a pattern along with a group of stimulus words, and asks the
examinee to arrange the words according to the sequence of the given pattern. The
examinee is given a certain amount of time to work on the problem, and then asked to
give his or her final answer. This test showed good reliability and construct validity (see
Bethsheider, 1992; Green, 1985; Green, 1988). It was developed for group paper and
pencil administration in 1976, but never used in this ‘manner in the Johnson O’Connor
battery of tests. It shows good correlations with the individually administered test
(Daniel, 1983c) and was incorporated as part of The Highlands Ability Battery in 1977.
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RELIABILITY

>

Reliability of the Concept Organization test was estimated by The Highlands
Program in 1994 (see Holland, 1994). Each possible response was counted in determining
the split-halves, and the odd responses were compared to the even ones. Split half
reliability was .95 (N=294).

Worksample 244 of the Johnson O’Connor battery (Analytical Reasoning), as
noted above, is an individually .administered apparatus test. As such, there are
undoubtedly many sources of variance (personality of test administrator, variations in
handling the equipment by test administrator, unconscious
encouragement/discouragement by test administrator, as examples) that can be controlled
much more easily in the paper-and-pencil group administered version employed by The
Highlands Program. The most recent reported reliability for Worksample 244 was r = .65
(Schroeder, 1988).

Long Term Stability

HEL presented a paper at the American Psychological Association in 1994 in
which they presented data from long term studies of the test-retest stabilities of subtest
scores (Schroeder and Bethscheider, 1994). The time lapse between the first test
administration and the second ranged from one year to ten years in this study. In this
study, involving 132 subjects who were clients of HEL over a ten year period, it was
found that the test-retest correspondence for the Analytical Reasoning subtest (Concept
Organization) for short time intervals (less than one year) was r=.95. The test-retest
correspondence for long time intervals (more than one year) was r=.62. It was found in
this same study that the group of cognitive subtests (Wiggly Blocks, Inductive
Reasoning, Analytical Reasoning, Ideaphoria, Number Checking, Memory for Design,
Number Memory, and Silograms - respectively: Spatial Relations/Visualization,
Classification, Concept Organization, Idea Productivity, Visual Speed and Accuracy,
Design Memory, Number Memory and Verbal Memory on The Highlands Ability
Battery) tended to hold their scores over time in much the same way that intelligence test
scores have been found to hold their scores.

The Ball Foundation published a study concerning the long term stability of
subtest scores in 1990 (Dawis, Goldman, and Sung). Using a sample of 121 young adult
clients from the Ball Foundation, test-retest reliability studies were completed over a six
month, and a four year time span. For Analytical Reasoning (Concept Organization)
r=.73 over the six week span and r=.56 over the four year span. These figures match very
closely the results obtained by HEL.

It can be concluded that, that the results obtained on the Concept Organization test
tend to be highly stable over time. The Ball Foundation study also indicated that the
pattern of subtest scores (that 1s, which subtests came out relatively higher or lower than a
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given subtest score, or the relative order of subtest scores) was much more stable than any
one subtest score.

&
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GENDER DIFFERENCES

L

Several researchers have reported onr consistent gender differences in ability test
scores (Veccia, 1990; Halpern, 1986; Lowman, 1991). In a study conducted by HEL
using clients of the Johnson O’Connor Research Foundation, Veccia found negligible
differences between male and female scores on the Analytical Reasoning subtest
(Concept Organization) of the HEL battery. Using Cohen’s d (Cohen, 1988) to indicate
the degree of difference between the male and female groups, Veccia found only a very
slight, non-significant difference between the two groups (Mean/females=32.54,
SD=6.87; Mean/males=32.40, SD=6.93; d=.02 (negligible)) (the number of subjects
involved in this study were not reported).

The Highlands Program conducted a similar study of gender differences on the
subtests of The Highlands Ability Battery in 1995 (McDonald, 1995). Using data from
2093 protocols of clients of The Highlands Program, it was found that the differences
between the groups of males (N=892) and females (N=1201) was again negligible
(t=2.16; df=2091; P=.03; d=.09). The direction of the difference was very slightly in the
direction of the male group.

The Ball Foundation reported separate scores in Analytical Reasoning (Concept

Organization) for samples of males and females in four age ranges: 16-18, 19-25, 26-39,
and >40 (Bizot, Dawis, and Goldman, 1993). The following results were obtained:

| Males | | Females |

Age Range Group 1 ‘ Group 2

Mean SD N Mean SD N
16-18 35.44 18 620 36.41 17.62 673
19-25 36.77 17.89 173 38.27 18.72 177
26-39 4292 14.64 240 43.35 15.34 224
>40 37.82 15.12 95 36.96 16.75 117

Cohen's d t Test
Age Range d strength direction t P(2tail) |P (1 tail)
16-18 0.05|negligible Females -0.978 0.328 0.164
19-25 0.08|negligible Females -0.766 0.444 0.222
26-39 0.03 |negligible Females -0.308 0.758 0.379
>40 0.05|negligible Males 0.392 0.695 0.348

Once again, the obtained difference in scores between males and females on
Concept Organization for all of the age groups was not statistically or practically
significant. Cohen’s d was negligible for all age groups.

We may conclude from these data that gender differences in scores on the
Concept Organization subtest of The Highlands Ability Battery are very slight,
statistically non-significant, and practically negligible. ‘
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ETHNIC DIFFERENCES

-

Using a non-selected sample of clients of The Highlands Program who sought its
life and career planning service, a study to determine occupational satisfaction and
income was carried out. This population had a mean age of 37. Of the 611 people who
participated in the study, 84, or approximately 14%, were of Afro-American ethnic
background, and 497, or approximately 81%, were of European/Caucasian ethnic
background. Comparing the scores of these two groups on Concept Organization yielded
the following results: '

Concept Organization - Ethnic Differences

Afro-American European/Caucasian
Mean 4488 51.90
SD 28.94 2941
L= 2.05
P= 0.041
d= 24

These data show a statistically non-significant difference between the two groups
on Concept Organization. The size of Cohen’s d indicates that the difference would be
rated medium. These data provide evidence that a relatively small percentage of the
variance between scores can be accounted for from ethnic differences (at least between

Afro-American and European/Caucasian populations).

10
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CONVERGENT AND DIVERGENT VALIDITY

>

Concept Organization is a problem-solving test that loads on the person’s ability
to make logical, linear, left-hemisphere rules for a series of presented facts. Concept
Organization should correlate well with tests that call for logical problem-solving, and
with verbal, left-hemisphere tasks. In addition, the mechanics of taking this test involve
holding a number of verbal and visual stimuli in mind while working out the task, so we
would expect moderate correlation to Verbal Memory and Design Memory. Historically,
studies have shown moderate correlations between deductive reasoning tasks such as
Concept  Organization, and spatial visualizing tasks, such as Spatial
Relations/Visualization and Spatial Relations/Theory.

The Highlands Program used data from approximately 2100 protocols of The
Highlands Ability Battery administered between 1987 and 1993 to compare results on the
different tests comprising the battery (Holland, 1994). The following correlations were
found:

Concept Organization r= N=
Classification 3825 2090
Concept Organization 1.0000 2094
Design Memory 3872 2094
Extrovert-Introvert 1 -.0704 1543
Extrovert-Introvert 2 -.0970 554
Generalist-Specialist 1 .0098 908
Generalist-Specialist 2 .0494 2093
Grip, Left .0552 1775
Grip, Right 0512 1772
Idea Productivity 1627 2088
Manual Speed .1103 2087
Manual Accuracy .| -.0453 2088
Number Memory 2305 2092
Observation 3416 2092
Pitch Discrimination 2044 2092
Rhythm Memory 2480 2093
Spatial Relations/Theory 4974 2089
Spatial Relations/Visualization 2993 2091
Time Frame .1829 2093
Tonal Memory 2392 2093
Verbal Memory .3030 2081
Visual Speed 2296 2003
Visual Accuracy -2106 1908
Vocabulary 1 .3039 2019
Vocabulary 2 2135 1618
Writing Speed .0936 2094

All correlations over .10 were significant; however, for the purposes of this
analysis, we will use Campbell and Fiske’s (1959) recommendations. A correlation is not
considered of practical significance (as opposed to statistically significant) unless it is
over .30.

11
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As can be seen from these data, Concept. Organization correlates most strongly
with Spatial Relations/Theory, Design Memory and Classification. Spatial
Relations/Theory and Classification are problem-solving tasks that are most easily and
efficiently solved using separate specialized abilities. However, both of these tasks can be
solved using the relatively less efficient (for the given task) linear, logical ability
measured by Concept Organization. Findings of other researchers noted above also
support the connection of Concept Organization to both spatial abilities, and other
reasoning abilities. These data also show a relatively strong relationship between Concept
- Organization and the visual abilities of Design Memory, Observation, and Visual Speed
and Accuracy. The test itself requires the examinee to fit given words into an given
visually presented pattern, and so may require visual ability for its most efficient solution.
The data show moderate correlations with Vocabulary, and moderate correlations with
both Verbal Memory and Number Memory. The spread of correlations suggests that
Concept Organization is measuring an ability that is very widely. useable in various tasks
but that are not necessarily most efficiently solved with a logical, linear approach. These
findings are consistent with the findings of other researchers who have studied multiple
ability patterns (Lowman, 1991). The deductive reasoning ability consistently correlates
at moderate levels with spatial tests, other reasoning tests, and certain memory tests
(Lowman, 1991; Ekstrom et al., 1976; Pawlik, 1966; Sung and Dawis, 1981; Hakstian
and Cattell, 1976; Bennett, Seashore, and Wesman, 1974; U.S. Department of Labor,
1970; Ruch and Ruch, 1980).

Concept Organization shows very low or non-significant correlations with such
tests as Extrovert-Introvert, Manual Speed and Accuracy, Writing Speed, Idea
Productivity, Tonal Memory, Rhythm Memory, Pitch Discrimination and Grip. This is
entirely consistent with the construct of the ability.

These correlations are consistent with correlations on similar ability measures by
HEL (Daniel, 1983c). That study found practically significant correlations between
Worksample 244 (Analytical Reasoning) and the following other tests of the HEL battery
(correlates to tests on the The Highlands Ability Battery in parentheses):

Inductive Reasoning (Classification)

Wiggly Block (Spatial Relations/Visualization)
Paper Folding (Spatial Relations/Theory)
Memory for Design (Design Memory)
Silograms (Verbal Memory)

Observation

English Vocabulary (Vocabulary)

This is exactly the same pattern of significant correlations obtained with Concept
Organization.

In addition, HEL showed a similar pattern of low correlations with tests that
should have no relationship to Worksample 244. Low (not practically significant)

12
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correlations with Worksample 244 were obtained for the following worksamples in the
HEL battery (correlates to The Highlands Ability Battery in parentheses):

Graphoria (Visual Speed, Visual Accuracy) )
Ideaphoria (Idea Productivity)

Foresight (Time Frame)

Pérsonality (Specialist-Generalist)

Tonal Memory

Pitch Discrimination

Rhythm Memory

Number Memory

Finger Dexterity (no exact correlate)

Tweezer Dexterity (Manual Speed, Manual Accuracy)
Writing Speed '

Again, this pattern of low correlations exactly matches the pattern of low
correlations obtained with The Highlands Ability Battery.

The Ball Foundation (Bizot, Dawis, and Goldman, 1993) reported test
intercorrelations with the BAB. The following results were obtained:

Intercorrelations of BAB for |
Concept Organization (Analytical Reasoning)
N=120
Source: Bizot, Dawis, and Goldman (1993)

Test =
Visual Speed & Accuracy - 0.20
Time Frame e 0.41
Classification 0.33
Specialist-Generalist -0.05
Writing Speed 0.13
Spatial Theory 0.59
Vocabulary 0.50
Idea Productivity 0.27
Verbal Memory 0.03
Tonal Memory 0.11
Manual Speed & Accuracy 0.16
Grip -0.04
Spatial Relations/Visualization 0.41

Bold indicates significant at P < .001

Once again, we see the same pattern of intercorrelations. Concept Organization
(Analytical Reasoning) correlates significantly ~with Classification, Spatial
Relations/Theory, Spatial Relations/Visualization, and Vocabulary. Although the
correlation with Idea Productivity is statistically significant, it is not practically

13
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significant. The correlations with Visual Speed and Accuracy, Specialist-Generalist,
Writing Speed, Verbal Memory, Tonal Memory, Manual Speed and Accuracy, and Grip
are negligible, as would be expected from the construct.

In summary, Concept Organization correlates at practically significant levels with
other tests of The Highlands Ability Battery with which it has logical and/or empirically
derived relationships (Lowman, 1991): verbal reasoning tests, spatial reasoning tests,
visual memory tests, and verbal memory tests. In addition, Concept Organization has
very low correlations with tests with which it has no logical or empirical relationship.
This pattern of correlations has been replicated with several batteries of ability tests, and
provides evidence that The Highlands Ability Battery Concept Organization test is
measuring the same construct as is measured by verbal reasoning tests in other, similar
aptitude and ability batteries.

14
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VALIDITY

1. Relationship of Concept Organiiation to Marker Tests of Verbal
Reasoning

Employee Aptitude Survey

In 1994, The Highlands Program undertook several studies to validate The
Highlands Ability Battery (Holland, 1994). The Highlands Program administered selected
tests of the Employee Aptitude Survey (Ruch and Ruch, 1980) to each client who came in
for testing in its program for life and career planning. These clients show the same
general racial mix as the suburban population in the cities in which most of the testing
occurred (Atlanta, Georgia, and Arlington, Virginia): about 90% Caucasian, 10%
African-American. Almost all are either college graduates or were attending college at the
time of testing. Approximately 52% were female; 48% male. The age range for this
sample was from 24 to 55, with median and mode at 33. They can be described as middle
to upper income, college educated, and having strong expectations of upward mobility.

The Employee Aptitude Survey (EAS) has been administered to thousands of
employees of various companies for many years. The database for this group of ten tests
shows acceptable male-female mix, racial mix, and age mix. In addition, the authors of
the test have made a strong effort to sample employees at a number of different levels of
employment from manual, unskilled laborers to executives, scientists, and doctors. EAS
Test 7, Verbal Reasoning is a test of logical, deductive reasoning in a strongly verbal
format (examinee is asked what logical deductions can be made from a given statement).
EAS Test 5, Space Visualization is a test of logical, deductive reasoning using entirely
non-verbal cues (examinee is given a drawing of a solid figure and asked to show which
of several drawings could be a part of the original drawing). Based on the construct being
measured by Concept Organization, we would expect strong correlations’ with both of
these tests. In addition, we would expect low correlations with other EAS tests that do not
measure related constructs. The Highlands Program administered EAS Test 1, Verbal
Comprehension (Vocabulary), EAS Test 4, Visual Speed and Accuracy, EAS Test 8,
Verbal Fluency, and EAS Test 9, Manual Speed and Accuracy in addition to EAS Tests 5
and 7. The results are shown below:
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Comparison of Concept Organization to Various EAS Tests

EAS Test N= r= P= -
EAS Test 1, Verbal 200 . .24 .006

Comprehension .

EAS Test 4, Visual Speed and 200 22 .01

Accuracy : ) v

EAS Test 5, Space Visualization 200 .58 <.001

EAS Test 7, Verbal Reasoning 200 .36 <.001

EAS Test 8, Idea Fluency 200 23 .008

EAS Test 9, Manual Speed and 200 .05 .876

Accuracy

As can be seen from these data, Concept Organization showed practically
significant correlations with both EAS Test 5, Space Visualization, and EAS Test 7,
Verbal Reasoning. This was as predicted by the construct. In addition, Concept
Organization showed moderate, but not practically significant correlations with EAS Test
8, Idea Fluency, EAS Test 4, Visual Speed and Accuracy, and EAS Test 1, Verbal
Comprehension (Vocabulary). This pattern of moderate, but not practically significant
correlations is exactly that found in other studies of multiple ability batteries, which show
such moderate correlations with Vocabulary, and visual abilities. Concept Organization
showed very low correlations with EAS Test 9, Manual Speed and Accuracy, as would be
expected from the construct of the ability.

Results of this study are consistent with the construct of the ability being
measured by the test, Concept Organization. The results are consistent with the premise
that the test measures a logical, lefi-hemisphere, analytical reasoning ability defined by
Guilford as Logical Reasoning (Ekstrom, French and Harman, 1976).

Kit of Factor-Referenced Tests

In 1995, The Highlands Program compared the tests of The Highlands Ability
Battery with marker tests of the Kit of Factor-Referenced Tests (Ekstrom, French and
Harman, 1976). The marker tests chosen for Logical Reasoning, the ability construct
being measured by Concept Organization, were: '

RL-Reasoning, Logical Test 2: Diagramming Relationships
RL-Reasoning, Logical Test 3: Inference Test

In addition, we would expect to find strong correlations with the following marker
tests (corresponding test of The Highlands Ability Battery in parentheses):

I-Induction: Test 1: Letter Sets Test (Classification)

I-Induction: Test 3: Figure Classification (Classification)
VZ-Visualization: Test 1: Form Board Test (Spatial Relations/Theory)
VZ-Visualization: Test 2: Paper Folding Test (Spatial Relations/Theory)
MV-Memory, Visual: Test 1: Shape Memory Test (Design Memory)
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MV-Memory, Visual: Test 2: Building Memory (Design Memory)
XF-Flexibility, Figural: Test 2: Planning Patterns (Design Memory) .
MA-Memory, Associative: Test 2: Object-Number Test (Verbal Memory)
MA-Memory, Associative: Test 3: First and Last Names Test (Verbal Memory)
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Correlations Between Concept Organization and Other Tests of

The Highlands Ability Battery
Test r= N= P= )
Classification 28 198 .005
Design Memory 32 198 .001
Generalist-Specialist 12 198 229
Grip Left 13 197 .193
Grip Right 22 197 .031
Idea Productivity .06 199 550
Manual Accuracy : .04 199 .663
Manual Speed 17 199 .099
Number Memory .19 199 .056
Observation . 39 199 <.001
Pitch Discrimination : 28 199 .005
Rhythm Memory .30 199 | .002
Specialist -12 . 198 .229
Spatial Relations/Theory o .38 199 <.001
Spatial Relations/Visualization i . 29 199 .003
Time Frame o 17 199 .089
Tonal Memory : - 31 199 .002
Verbal Memory .30 199 002
Visual Accuracy 09 198 364
Visual Speed 22 198 .026
Vocabulary 31 199 .002
Writing Speed .04 198 717

Note: Correlations greater than or equal to .30 are shown in bold.

Correlations Between Concept Organization and

Tests From The Kit of Factor-Referenced Tests

Test (HAB Correlate in Parentheses) r= N= P=
Fluency, Ideational, 1 (Idea Productivity) .09 199 346
Induction, 1 (Classification) 54 199 <.001
Memory, Associative, 2 (Verbal Memory) L 20 199 .051
Memory, Visual, 1 (Design Memory) ‘ ~ 29 199 - .058
Memory, Visual, 3 (Observation) 35 199 -<,001
Perceptual Speed, 2 (Visual Speed/Accuracy) .14 199 .163
Reasoning, Logical, 2 (Concept Organization) .41 199 <001
Spatial Orientation, 1 (Spatial/Visualization) 33 199 001
Vocabulary, 1, 2, 3 (Vocabulary) , 23 199 .021
Visualization, 1 (Spatial Relations/Theory) .39 199 <.001
Visualization, 2 (Spatial Relations/Theory) .35 199 <.001

Note: Correlations greater than or equal to .30 are shown in bold.

It can be seen from these data that Concept Organization relates strongly to the
marker test in the Kit of Factor-Referenced Tests (Reasoning, Logical) for the construct it
is designed to measure. Concept Organization also relates strongly to the marker tests for
abilities that are closely associated with Concept Organization: Visualization, Spatial
Orientation, Induction, and Memory, Visual. These are marker tests for Spatial
Relations/Theory, Spatial Relations/Visualization, Classification, and Observation, all of
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which also show strong relationships with Concept Organization both in the present
study, and in other studies correlating these abilities (see Holland, 1994; Daniel, 1983c).

Comprehensive Ability Battery; Differential Aptitude Tests

In 1986 (Dong, Sung, Goldman, and Dohm, 1986), the Ball Foundation published
a series of validation studies of the Ball Aptitude Battery (BAB). This Battery is based
directly on, and was specifically related to, the Johnson O’Connor Ability Battery (Sung
and Dawis, 1981). The BAB incorporated the same paper-and-pencil version of
Worksample 244 used in The Highlands Ability Battery, which was shown to correlate at
acceptable levels to Worksample 244 (Daniel, 1983c). As part of the validation work, the
Ball Foundation compared the BAB to the Comprehensive Ability Battery (CAB)
(Hakstian and Cattell, 1976) and the Differential Aptitude Tests (DAT) (Bennett,
Seashore, and Wesman, 1974). (In the same study, the Ball Foundation also compared the
BAB to the Government Aptitude Test Battery (GATB) (United States Department of
Labor, 1970); however, there is no exact correlate in the GATB for the Concept
Organization or Analytical Reasoning test.)

Using the criteria for practical significance proposed by Campbell and Fiske
(1959), Dong et al. (1986) compared the Analytical Reasoning subtest of the BAB to the
Inductive Reasoning subtest of the CAB and the Verbal Reasoning subtest of the DAT.
Both convergent and discriminant correlations were computed in this study. In other
words, it was not enough that a given test that purported to measure the same construct
did in fact correlate at an acceptably high level, it was important that other tests that were
not related must not correlate at levels of practical significance.

It was found that the Analytical Reasoning subtest of the BAB (identical to the
Concept Organization subtest of The Highlands Ability Battery) correlated at practically
significant levels with the Inductive Reasoning subtest of the CAB (r = .51, P<.001,
N=207). In addition, it was found that the Analytical Reasoning subtest of the BAB
correlated at practically significant levels with the Verbal Reasoning subtest of the DAT
(r = .45, P <001, N=189). This provides acceptable evidence that these tests from
different ability batteries, both well studied for decades, are measuring the same construct
as is being measured by the Concept Organization test of The Highlands Ability Battery.

2. Relationship of Concept Organization to Occupational Choice

If we assume that, on average, people in a given occupation have, either
consciously or unconsciously, chosen to be in that occupation in part because their
abilities fit it, then occupational choice is a clear way to establish the validity of a given
ability measure. This assumption is a logical one, and has been proven to be valid in a
number of studies (Lowman, 1991). The logic of the assumption would be that if a
person’s abilities do not fit a particular occupational choice (or, more accurately, choice
of course studies in school, since it is here that the first decisions are usually made on a
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de facto basis about careers), then that person would have to work much harder than
another person whose abilities do fit the occupation. There would then be a strong
selective force in operation for the person whose abilities do not fit an occupation to
move to another choice of occupation, to be less satisfied with the occupational choice,
and to be less successful.

Concept Organization measures a logical reasoning ability. It requires the person
to be able to arrange data in a logical, linear sequence. When people are strong in this
ability, they are able to organize their ideas logically, and thus be able to communicate to
others easily using words, either spoken or written. They are also able to organize
thoughts in logical sequence, and thus be able to plan into the future quite easily and
quickly. Concept Organization is a more logical, linear method of problem-solving and
reasoning than others (for instance, Classification), and is somewhat more laborious. It
would therefore be generally true that a person who is high in Concept Organization
might not be ideal in a job that required quick action, or swift seat-of-the-pants decision-
making. We might expect, rather, that the person high in Concept Organization would be
in a job that required careful thought, planning, and that rewarded careful as opposed to
quick decision-making. On the other hand, we would expect jobs that did not require high
levels of either communications or planning to be filled by people low in Concept
Organization, since a person high in this ability would undoubtedly be quite frustrated
and unfulfilled.

JOCRF has conducted research on occupational choice for a number of years.
This research has been compiled in a number of monographs published by the Human
Engineering Laboratory (Trafton, 1979a; Tal, 1986; Daniel, 1983a; Bethscheider, 1989b;
Brodie and Foxley, 1982; Tal, 1985). The following table summarizes these findings with
regard to Concept Organization (identical to Analytical Reasoning on the JOCRF
battery).

Scores By Occupations On Concept.Organization
’ (Analytical Reasoning)
. Johnson O'Connor Research Foundation
Occupaion Mean (%ile) =
Physicians 60 66
Dentists 59 116
Actuaries 59 53
Guidance Counselors © 589 66
Journalists 58.1 26
Musicians 50 14
Baseline 50 300

Sources: Trafton (1979a); Tal (1986); Daniel (1983c);
Bethscheider (1989b); Brodie and Foxley (1982);
I | Tal(1985)

These data are in close agreement with the following data obtained using the EAS
Test 7, Verbal Reasoning. It shows the group of professions (with the exception of
musicians who would not be expected to heavily load on the ability measured by Concept
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Organization) that must routinely use logical, linear, careful problem-solving and
communications with their clients do indeed score above the mean on Concept
Organization. *

JOCRF has also done a number of studies of educational majors and abilities.
These are summarized in a monograph by Bowker (1981a). The following data are
reported:

| (Analytical Reasoning)
Johnson O'Connor Research Foundation

Major Mean N= SD= P=
Sociology 41 21 10 0.01
Economics 40 22 6 0.002
History 38 35 7 0.06
Business Management 38 38 7 0.05
Art 36 43 8 0.49
Engineering 36 - 38 8 0.49
English 36 46 6 0.48
Education 34 56 7 0.02
Accounting - 34 22 7 0.09
Biological Sciences 33 30 7 0.01
Psychology ' 33 26 7 0.02
Group 36 377 7

| Source: Bowker (1981a).

Caution must be used in interpreting this data, because this is not a generally
selected group, and it is undoubtedly true that the group as a whole is considerably above
the general population in Concept Organization. However, the comparison between
majors is interesting. As can be seen, in those majors in which careful, logical
communication is at a premium (e.g., sociology, economics, business management,
history) the students score significantly higher than those students that are in majors that
do not set as high a premium on precise communication (e.g., engineering).

The following occupational data _were obtained using the EAS Test 7, Verbal -
Reasoning (Ruch and Ruch, 1980). There were a total of 18,664 subjects in these studies.
The overall mean for the entire sample studied was 14.93.
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Occupation DOT Code Mean = P=
Assistant Chemist 0-5.22 20.5 152 <.001
Scientist; Mathmetician 0-07,0-35 18.8 97 2,001
Test Pilot none 17.8 40 <,001
Actuary 0-36.55 17.8 93 <.001
Bank Manager Trainees 17.8 182 <001
Design Engineer various 17.5 605 <.001
Middle Manager none 17.5 133 <.001
Bank Manager Applicants 17.3 435 <.001
Engineer none 17.2 1665 <.001
Industrial Engineer '10-18.01 17 139 <.001
Accountant 0-01 16.9 139 <.001
Freshman Engineering Stud. 16.8 948 <.001
Male College Students 16.7 652 <.001
Junior Exec.; Admin. Assist. 0-97.14 16.6 580 <.001
Technical Salesman none 16.5 106 <.001
Insurance Salesman 1-57.10 16.5 124 <.001
Female College Students 16.5 714 <.001
Project Engineer none 16.3 325 <.001
Secretary 1-33.01 16.2 291 <.001
Top Manager 0-97.01-.05 16.2 198 <.001
Office Manager 0-97.12 16.2 112 <.001
Junior Engineer none 15.9 394 <.001
Draftsman 0-48 15.9 184 <.001
Customer Service Technician none 15.7 111 0.05
Sales Engineer none 15.7 191 0.01
Insurance Underwriter 1-57.30 15.6 109 0.09
Purchasing Agent; Buyer 0-91.60 15.6 201 0.01
Inside Salesman none 15.5 105 0.13
Sales Manager 0-97.61 15.4 216 0.08
Electronics Technician 5-83.444 15.2 316 0.14
Securities Salesman 1-65.03 15 256 0.41
Sales Representative 1-85-87 14.8 976 0.21
Insurance Secretaries : 14.79 53 0.42
Claims Adjuster 1-57.40 14.6 445 0.08
Stenographer 1-37.12 14.5 119 - 0.15
Figure Clerk 1-01.09-.49 13.9 538 <.001
Manufacturing Co. Wide 13.9 2727 <,001
Manufacturing Supervisor 5-91-92 13.7 627 <.001
Electronic Tech. Students 13.7 363 <.001
Architectural Draftsman Stud. 13.4 127 0.002
Insurance Accounting Clerks 13.27 118 0.002
Clerk, non Figure 1-04.01-05.01 13.1 379 <.001
Cashier 1-01.50-.69 12.7 117 <.001
Department Store Buyers 12.7 178 <.001
Machinist 4-75.010 12.1 106 <.001
Airplane Inspector 5-03.810 11.4 110 <.001
Insurance Coding Clerks 11.25 200 <.001
Insurance File Clerks 10.76 98 <.001
Insurance Typists 10.7 185 <.001
Industrial Leadman none 9.7 186 <.001
General Productive Males 9.7 765 <.001
Whis! Beverage Salesman 1-85.21 8.6 176 <.001
Machine Operator none 84 128 <.001
Auto Assembly Inspector 7-02.741 6.9 130 <.001
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From these data, it can be seen that the people who scored higher than the mean
were in occupations that strongly selected for careful planning, careful and logical
communication, and the drawing of logical conclusions that could be communicated
clearly to others (e.g, chemist, mathematician, test pilot, actuary, bank manager, design
engineer, middle managers, engineers, industrial engineers, accountants, college students,
secretaries, office managers). On the other hand, those who scored significantly lower
than the mean were in occupations that would select against planning and the drawing of
logical conclusions. These people were almost universally in occupations in which they
would be expectcd to perform certain rote tasks in a highly consistent manner without
drawing a logical conclusion from them (e.g., clerk, cashier, coding clerk, insurance
typist, industrial leadman, general production, auto assembly inspector). Other
occupations in which the activities of logical planning, drawing a logical conclusion, or-
careful, precise communication would not appear to play a part, either positively or
negatively, showed no significant difference from the overall mean (e.g., electronics
technician, inside salesman, claims adjuster, sales representative).

The data from the EAS studies, then clearly supports the occupational validity of
the construct being measured by EAS Test 7 and by Concept Organization.

The Ball Foundation conducted a similar study of occupational choice (Sung and
Dong, 1984). The following data were obtained from that study for Analytical Reasoning
(identical to Concept Organization).

Job Title Mean -N= P=
accountants 4422 64 <.001
teachers 43.49 91 <.001
clerical 347 60 0.05
pilots 3344 95 0.08
high school students 32.86 29 0.33
carpenters 30.47 95 0.37
sales , 29091 935 0.01
horticulturists ' - 26.64 191) . <.001
Grouped Data 31.42 1560

As can be seen from these data, occupations that require a person to make careful,
logical projections and plans (e.g., accountants) and occupations that require careful
communication of ideas to others (e.g., teachers) show significantly higher scores than
the mean. Occupations in which careful communications or logical planning and
decision-making are not particularly selected for do not show any significant variation
from the mean. Occupations in which selection would be against people who made
logical projections, as opposed to simply following a presented set of guidelines exactly
(e.g., horticulturists), scored significantly below the population mean. These data are very
similar in structure and show very similar results as the data from the EAS Test 7.
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More recently (Bizot, Dawis and Goldman 1993), the Ball Foundation has
published job data that extends the range of occupations to a number of blue collar job
categories. ’

Scores By Occupations On Concept Organization i
(Analytical Reasoning)
Ball Foundation

Occupation Mean= SD= = P=
Communications : 47.32 12.7 19 <.001
Career Counselors 46.61 18.94 41 <.001
Wholesalers (seeds) 42,72 13.34 36 <.001
Administrative Assistants 42.65 15.05 40 <.001
Customer Service Assist. 42.07 19.05 41 0.002
Scientific Helpers (Botany) 41.69 1671 | 39 ' <.001
Elementary School Teachers 40.66 | | 14.96 66 <.001
Maintainance Technician 40.59 . 16.16 37 0.003
Agricultural Packer " 40.34 15.58 41 0.002
Audit Clerk 38.08 14.1 - 48 0.01
Office Clerks 37.62 14.59 55 0.01
Secretaries 37.57 12.29 37 0.02
Cosmetic Salespeople 36.83 14.86 57 0.04
Horticulturist (trainees) - 35.32 14.03 245 0.02
Graphic Artists 34.73 15.29 26 0.30
Standardization Sample 33.17 15.84 837 0.50
Bank Teller 32.71 - 182 67 0.42
Commercial Pilots 29.56 12.6 25 0.08
Carpenter (trainees) 28.99 14 347 <.001
Word Processors (trainees) 21.18 10.25 38 <.001
Plumbers (trainees) 12.66 2.86 95 <.001
Route Sales Reps 10.91 4.14 363 <.001
Sheet Metal Workers (trainees) 10.78 3.2 148 | <.001

Source: Bizot, Dawis, & Goldman, (1993)

) ‘This work closely matches the listing and order of occupations found in the EAS
data, with the same conclusions that may be drawn: in occupations that demand logical,
linear, careful communications and/or planning (e.g. communications, counselors,
_administrative assistants), people show significantly higher Concept Organization than
those in occupations that are either neutral toward Concept Organization (e.g. artists,
bank tellers, commercial pilots) or would select against Concept Organization (e.g.
carpenters, sheet metal workers).

3. Relationship of Concept Organization to Satisfaction and Success Within
Occupational Fields

Corollary 6 of the Theory of Abilities would lead one to expect that being in an
occupational field that matches one’s ability pattern would lead the person to be more
successful in that field and also more satisfied with that field. Conversely, if a person
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were in an occupational field that did not match one’s ability pattern, this should lead the
person to be less successful in that field, and less satisfied with it. .

In 1994-1995, The Highlands Program carried out a research program with
subjects who were participants in The Highlands Program’s testing and workshops. The
Highlands Program gathered occupational, income, and satisfaction data on an unselected
sample of its clients N=611). The Highlands Program is a private educational career and
life planning service, and The Highlands Ability Battery forms the first part of the
program for all of its clients. The sample was derived from regular clients of The
Highlands Program in its offices in Atlanta, Georgia, and Washington, D.C., for whom
occupational data could be collected (a high percentage of those in high school and
college had never worked). The age range was 16 to 62; median age was 37; modal age
was 46; and mean age was 37.7. The sample consisted of 234 males and 377 females. The
following information on the highest degree earned was obtained for this sample:

25



Concept Organization

Highest Degree Earned - Sample (N=611) R
Degree N=~

H.S. or Less 121

Associate 28

Bachelor (B.A. or B.S.) 259

Masters (M.A. or M.S.) . 124
Doctorate (Ph.D.) 29

M.B.A. 22

Law 25
Medicine/Dentistry 1

This sample reported the following information on ethnic Background:
Ethnic Background - Sample (N=611)

Ethnic Background N=
Afro-American 84
European/Caucasian 497
Asian-American 8
Hispanic 7
Native American . 10

The average time in the present career field for the entire sample was 6.14 years.

Using information from the U.S. Department of Labor (1970, 1979a,b, 1980,
1991) on the ability requirements for different Occupational Aptitude Patterns (OAP’s),
31 OAP’s identified by the Department of Labor were divided for Concept Organization
into those for which an ability was considered useful and/or necessary. In addition a
further division was made for Concept Organization for those occupations for which
Concept Organization may be a counter-indicator for success and/or satisfaction. The last
grouping of occupations was for those occupations for which the ability should not affect
job role performance either way. We could then compare each subject’s actual ability
score with both reported income range (success) and with reported satisfaction in the
occupational work role, separating those who were in work roles for which the ability
was particularly meaningful (High), for which the ability was negatively meaningful
(Low), and for which the ability had no relevance (Neutral). We would expect the
correlation between the ability and success and satisfaction to be quite strong in the High
group, low or negative in the Low group, and somewhere in the middle for the Neutral

group.
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The following tables summarize the division of OAP’s for occupational categories
that require high and low Concept Organization, as well as those categories for which
Concept Organization, either high or low, does not have any particular relevance. Notice
that this listing is a very close match for the occupational data gathered on abilities
reported above.

Concept Organization - High Group

OAP Role Description OAP Number
Medical Sciences 2.03
Law Enforcement 401
Security Services 4.02
Engineering 5.01
Oral Communication 7.04
Sales Technology | 8.01
Educational Services 11.02
Social Research 11.03
Law 11.04
Communications 11.08
Regulations Enforcement 11.10

Notice that the content of this ‘High’ group, which was empirically derived,
agrees very closely with the construct of Concept Organization. All of these job roles
load very heavily on logical, linear thought, careful, linear problem-solving and/or
planning, and/or careful, content oriented communication. This listing of job roles also
closely matches the various listing of job types that have been found using the construct
of Concept Organization scores to differentiate between positions. : :

The following table summarizes these predictions for the ‘Low’ grodp:

Concept Organization - Low Group

OAP Role Description OAP Number
Craft Arts 1.06
Elemental Work (plants) 3.04
Elemental Work 5.11

Clerical Handling 7.07
Hospitality Services 9.01

Child and Adult Care 10.03

Services Administration 11.07

Notice again that this empirically derived list closely matches the list of job
categories that were derived using the construct of Concept Organization for those jobs
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that can be better performed by people who do not draw logical linear conclusions or
make careful linear plans, but rather are more able to perform tasks one after the other
without making these logical distinctions.

Lastly, the ‘Mid’ group of occupational roles are those for which Concept
Organization would appear to have no particular relevance. With this group of
occupational roles, the job itself does not appear to require the ability measured by
Concept Organization, nor does it require the lack of this ability. With this group, we
would assume that, contrary to the general expectation based on the Theory of Abilities
that we would see a mild correlation between job satisfaction and Concept Organization.
The reason for this is that Concept Organization is almost universally useful, except in
relatively rare jobs in which it is a relative hindrance.

The following occupational roles fall into this ‘Mid’ category:

Concept Organization - Neutral Group

OAP Role Description ~~ - | OAP Number
Literary Arts 1.01
Visual Arts 1.02
Performing Arts (music) 1.04
Laboratory Technology 2.04
Engineering Technology {5.03
General Sales 8.02
Social Services 10.01
Nursing/Therapy 10.02
Mathematics/Statistics ' 11.01
Business Administration - 11.05
Finance 11.06
Promotion 11.09
Business Management 11.11

The following table summarizes mean score levels for these three groups of
occupations:
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Concept Organization | [
Direction and significance of difference between means
of Whole Group (WG), High, Low, and Neutral loading groups. *
Group Mean SD - N=
WG 50.52 29.45 611
Group 1 (High) 59.66 30.89 123
Group 2 (Neutral) 4995 2841 428
|Group 3 (Low) 35.17 27.23 60
|Difference Between: [Direction t= P=
WG/High Group 1 (High) ° -3.02 0.003
WG/Neutral WG 0.31 0.754
WG/Low WG : 4.13 <.001
High/Neutral Group 1 (High) 3.13 0.002
High/Low Group 1 (High) 546 | <.001
Neutral/Low Group 2 (Neutral) 3.92 <.001

As can be seen from these data, the High group scored significantly higher than
both the Neutral and the Low groups. The Neutral group scored significantly higher than
the Low group. These data provide evidence for the notion that the occupational
groupings are in fact separating occupations that select for either high or low Concept
Organization, or for which Concept Organization is not a factor.

The participants’ Concept Organization scores could then be compared to their
satisfaction and their salary range within their occupational groups. The following
results were obtained:

Correlations Between Concept Organization

Scores and Income and Job Satisfaction

r= P= ‘ _ t'=
Whole Sample (N=611) : o
Concept vs income S 025 ©<.001 6.46
Concept vs jobsat . : 043 : <.001 S ©11.64
Group 1 (High job importance of Concept Organization, N=123) " :
Concept vs income 0.50 <.001 6.30
Concept vs jobsat 0.78 <.001 13.46

Group 2 (Neutral job importance of Concept Organization, N=428)

Concept vs income 0.18 <001 3.78
Concept vs jobsat 0.31 <.001 6.68
Group 3 (Negative job importance of Concept Organization, N=60)

Concept vs income 0.00 0.99 -0.01
Concept vs jobsat -0.04 0.76 -0.31

Source: The Highlands Program

Several interesting points emerge from these data. First, the general importance of
Concept Organization can be seen in the overall correlations between Concept
Organization and income and job satisfaction for the entire sample. It has long been
observed that Concept Organization, when strongly present, is used almost continuously
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by the person to solve problems, organize time and material, plan, schedule, and
communicate. As such, we would expect to see a general correlation between Concept
Organization and success, as well as job satisfaction. This correlation is in fact observed.
When the entire sample is considered together, both income and job satisfaction
correlated at statistically significant levels with Concept Organization, although only job
satisfaction correlated at practically significant levels (cutoff point, r=.30) by Campbell
and Fiske’s (1959) criterion.

When the entire sample is divided into three groups, a clear pattern can be seen.
For the group of occupations that' clearly require the sort of logical, linear, careful
reasoning and problem-solving ability measured by Concept Organization, the
correlations between income and job satisfaction and Concept Organization jump
remarkably over the observed correlations in the general sample ( .50 vs. .25 for income;
.78 vs. .43 for job satisfaction). We are, therefore seeing a far stronger correlation when
this group is looked at with regard to the actual requirements of the job. Indeed, the
correlation between job satisfaction and Concept Organization for this group accounts for
over 60% of the variance in this sample.

For the group of occupations that we would predict a neutral influence of Concept
Organization, that is, the group of occupations for which the logical reasoning ability
measured by Concept Organization would not be expected to have any particular
significance, either positively or negatively, the correlations that emerge are quite
different. Although both correlations (r=.18 for income; r=.31 for job satisfaction) are
statistically significant, the correlation for income is not practically significant, and that
for job satisfaction is barely so, accounting for less than 10% of the variance.

For the group of occupations that we would predict a negative influence of
Concept Organization, that is, the group of occupations for which the logical reasoning
ability measured by Concept Organization would be a liability instead of an asset, the
correlations that emerge are quite different again. This group of occupations are almost
all highly repetitive in nature, involving learning a set series of easily acquired actions or
behaviors, and then repeating these behaviors throughout the work day. In a job such as
this, the ability to make, easily and quickly, accurate logical deductions becomes a
liability. The point in such a job is not to think about the job, but rather, just to do it. In
fact, when this group of occupations is separated out of the entire sample and considered
- separately, the correlations between both income and job satisfaction and Concept
Organization are statistically inseparable from zero (r=.00 for income; =-.04 for job

satisfaction).

The above data clearly demonstrate the importance of the ability measured by the
Concept Organization worksample. If a person is in a job that requires the frequent use of
logical, linear, deductive, careful, planful reasoning and communication, then the
person’s Concept Organization score is highly predictive of both income, as a rough
measure of success, and the person’s stated job satisfaction. On the other hand, if a person
is in a job for which Concept Organization is neutral, that is, a job that does not
particularly require this sort of reasoning and communication, but that does not require
the lack of it, then Concept Organization predicts very little of the variance of either
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income or job satisfaction. (It should be noted that the ability measured by Concept
Organization is so generally useful in so many situations, that there are in fact statistically
significant correlations between Concept Organization and income and job satisfaction.
However, neither of these correlations is particularly large. Only the correlation with job
satisfaction is practically significant.) When the group of occupations is considered that
would be expected to select against people who strongly show the ability measured by
Concept Organization, the correlations drop still further, and are in fact indistinguishable
from zero. It can therefore be seen that Concept Organization is a very powerful predictor
of both satisfaction and success when considered within the group of occupations for
which this ability is significant. Its predictiveness drops considerably when considered
outside of this group. In addition, the fact that the correlations drop in the predicted
direction provides further evidence of the validity of Concept Organization and the
construct it is designed to measure.
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Idea Productivity

INTRODUCTION

The Idea Productivity Worksample belongs in the category of tests that measure
verbal fluency. The worksample is intended to measure a person's rate of flow of ideas --
the speed with which he or she can come up with a number of different ideas in a verbal
medium. The examinee has a certain amount of time in which to write as much as
possible in response to a novel, fanciful, open-ended question of the type "What would
you do if ...?" The test is scored on the number of words produced. It is a measure of
verbal fluency or verbal production rather than of originality or quality of ideas.

A person scoring high on the Idea Productivity Worksample tends to be
characterized in his or her daily life by a rapid flow of ideas. Such a person would be
well suited to a job in which it is possible to express those ideas, such as selling,
advertising, writing, or teaching. On the other hand, someone scoring low on the
worksample has a slower flow of ideas, and might be better suited to activities which
require more concentration, such as banking or management. The person with high Idea
Productivity in a job requiring concentration and repetition might feel frustration because
he or she would have no outlet for these ideas and in fact might be distracted by them.
The person with low Idea Productivity in a job where the rapid production of ideas is
useful might be at some disadvantage. Frequently such a person finds an approach to his
or her job that emphasizes quality rather than quantity of ideas.

*
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HISTORY

The Idea Productivity Worksample evolved from measures devised in the 1920's
by the British National Institute of Industrial Psychology and later by the British
Industrial Fatigue Research Board. In those tests, called Predictions, a fanciful question
was asked and the examinee had five minutes in which to list predictions of what would
happen. Three different questions were used in a single administration: "What might
happen if everyone could walk and swim at the rate of 100 miles an hour," or, ".... if
nobody had any teeth," or, "... if reading and writing had never been invented." The
Predictions test was scored on a four-point scale for each prediction: two points for
practicability and two points for the difference between the prediction and other
predictions already offered (Horton, 1940a).

The Johnson O’Connor Research Foundation (the Human Engineering
Laboratory, or HEL) became interested in the Predictions test in the early 1930's. HEL’s
first use of the test involved one question with a 10-minute answer period. The examinee
was told that he would be scored only on the quantity of ideas he produced, independent
of grammar, spelling, punctuation or vocabulary. Preliminary results showed a
correlation with HEL's measure of Objective Personality, and so the questions were
reworded to read, for example: "If everyone knew that....." This rewording was intended
to make the questions more personally relevant to the examinee (Horton, 1940a).

HEL also changed the scoring of the test. The British scoring system seemed
unwieldy and unreliable. It was too dependent on extensive training of scorers. HEL set
about to construct a more objective scoring procedure. A number of different versions
were tried which produced unacceptably high correlations to Vocabulary. Finally, it was
decided to score simply on the total number of words written, including repetitions of the
same word, but not including repetitions of entire sentences. The word score correlated
only .17 with vocabulary, using an unselected population of 1,000 cases.

The Idea Productivity Worksample of The Highlands Ability Battery is exactly
the same test in exactly the same format and administered in exactly the same way as the
Ideaphoria Worksample (Worksample 161) of HEL.
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RELIABILITY

Idea Productivity, The Highlands Ability Battery

The internal reliability of the Idea Productivity Worksample of The Highlands
Ability Battery was calculated with the split-half method (Holland, 1994). This
reliability (r=.88, N=266) is very close to the results from the Johnson O'Connor
Research Foundation, as would be expected, since the worksamples are virtually identical
in format, instructions, and content.

Worksample 161, HEL

The internal consistency reliability of Worksample 161 has been calculated on the
basis of the correlation of the number of words written in the first half of the test, with the
number written in the second half. The correlation has been carried out separately for
each of three topic questions, and the resulting three correlations have been averaged
(using Fisher's z transformation). The data come from males, aged 17 and 18, tested in
Fort Worth in 1977-78 (Schroeder, 1988).

The average split-half correlation is .928. Applying the Spearman Brown
prophesy formula, the internal reliability of the whole test is .96. The average standard
error of measurement is 13.1 words (Daniel, 1978d).

Among 140 examinees unselected by age or sex, the first half (first five minutes)
correlated .97 with the second half. Also, the odd-minute score correlated .98 with the
even-minute score (N= 122), (Bowker, 1975¢c). From these data we may conclude that
the internal reliability of the five-minute administration is high.

HEL also reports test-retest reliability of Worksample 161 (Schroeder and
Bethscheider, 1994). For short interval (less than one year) time interval r=.86.

Ideaphoria, Ball Foundation

The Ball Foundation reports a test-retest correlation of r=.79 (N=121) for its
Ideaphoria Worksample (Bizot, Dawis, and Goldman, 1993), with a test-retest interval of
six weeks. No internal consistency measure of reliability is reported for Ideaphoria.

Long Term Stability

The Ball Foundation reports a test-retest correlation of r=.63 (N=121) for the
Ideaphoria Worksample (Dawis, Goldman, and Sung, 1990), with a test-retest interval of
4 years. This provides strong evidence of one of the basic tenets of the Theory of
Abilities, that abilities, being a measure of a person’s natural, or inborn, talents, are
relatively stable over time. In addition, it was found that Ideaphoria showed a very similar
relationship to the other worksamples of the battery in spite of the intervening time
interval of four years (effect size r=-.11, not significantly different from 0).
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HEL reports long term stability of the subtests of the JOCRF battery (Schroeder
and Bethscheider, 1994). For long time interval (longer than one year to over 10 years),
test-retest reliability was r=.62.
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GENDER DIFFERENCES

The Highlands Program (McDonald, 1995) reports a consistent difference
between males and females on Idea Productivity. Females score higher than males. This
difference is statistically significant, but the practical significance of this difference is
moderate, according to Cohen (1988) (d=.50, df=2091).

HEL reports moderate differences between males and females on its Worksample
161, with females slightly higher than males (Veccia, 1990). N is not given for these
figures. Using Cohen’s d (Cohen, 1988), Veccia reports d=.37.

Thé Ball Foundation also reports statistically significant, but practically moderate
differences between males and females on Ideaphoria (Bizot, Dawis, and Goldman, 1993)
(d=.26 to d=.40, df=1424).

See the section of this Manual on gender differences for a discussion of the issues
of norming and gender differences.
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ETHNIC DIFFERENCES

Using a non-selected sample of clients of The Highlands Program who sought its
life and career planning service, a study to determine occupational satisfaction and
income was carried out. This population had a mean age of 37. Of the 611 people who
participated in the study, 84, or approximately 14%, were of Afro-American ethnic
background, and 497, or approximately 81%, were of European/Caucasian ethnic
background. Comparing the scores of these two groups on Idea Productivity yielded the
following results:

Idea Productivity - Ethnic Differences

Afro-American European/Cauc.
Mean 50.89 50.63
SD 28.55 27.91
t= 0.08
P= 939
d= 01

Cohen (1988) describes the difference between scores at d=.01 as negligible. In
fact, Idea Productivity shows the least difference between Afro-American and
European/Caucasian population samples of all of the driving abilities. See section of this
Manual on Ethnic Differences for a more complete listing of findings. We can conclude
from these data that Idea Productivity shows very little consistent difference in scores that
can be attributed to ethnic background.
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CONVERGENT AND DIVERGENT VALIDITY

Idea Productivity, The Highlands Ability Battery

In 1993 The Highlands Program initiated a research project to renorm and
revalidate all of the worksamples constituting The Highlands Ability Battery. The
intercorrelations between these worksamples and the Idea Productivity Worksample are

presented below:

Correlations of IDE4 PRODUCTIVITY With Other Worksamples
i Hiehlemds bt Bariers T T

WORKSAMPLE = =
Classification .0984 2089
Concept Organization 1627 2088
Design Memory .0946 2093
Extrovert-Introvert 1 .0723 1543
Extrovert-Introvert 2 .0002 554
Generalist-Specialist 1 -0.0445 907
Generalist-Specialist 2 -0.0380 2093
Grip, Left -0.2094 1777
Grip, Right -0.1849 1773
Idea Productivity 1.0000 2094
Manual Speed - 2106 2088
Manual Accuracy -0.0151 - 2089
Number Memory . 0716 - 2091
Observation , .1901 2091
Pitch Discrimination .0971 2091
Rhythm Memory .1342 2093
Spatial Relations/Theory 0771 2089
Spatial Relations/Visualization -0.0412 2091
Time Frame 3620 2092
Tonal Memory 1159 2093
Verbal Memory .1508 2080
Visual Speed 2961 2001
Visual Accuracy -0.0495 1906
Vocabulary 1 2141 , 2019
Vocabulary 2 1301 1619
Writing Speed 5330 2094
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All correlations over .10 are statistically significant (P<.01); however, using
Campbell and Fiske’s (1959) recommendations, correlations less than .30 are not
considered practically significant.

Of particular concern has been the high variance on the Idea Productivity measure
attributable to writing speed. Since the worksample is typically administered in written
form, and the measure is of the total number of words written, the high correlation to
Writing Speed (and Tapping, an earlier measure on the HEL ability battery) would be
predictable. The Writing Speed Worksample is used as a control, and in the final norms
for Idea Productivity the effects of Writing Speed are partialed out.

The nature of the Writing Speed Worksample is straightforward. The examinee
writes a given short sentence as many times as he or she can in one minute. In the
Tapping test, the examinee tapped as fast as possible with a pencil for a given time
period. The Manual ‘Speed ‘and Manual Accuracy Worksamples are measures of speed
and precision of hand use. The Idea Productivity, Manual Speed and Manual Accuracy
Worksamples all correlate with the Writing Speed Worksample. In three samples, the
Number Checking-Writing Speed Worksamples of HEL ability battery ‘correlation
averages .29. (Daniel, 1978b, 1979a) The Manual Accuracy Worksample of The
Highlands Ability Battery correlates negatively (r=-.06, N=2094, P=.007) with Writing
Speed, but the Manual Speed Worksample correlates positively and at the expected level
(=23, N=2093). In addition, Idea Productivity correlates with Visual Speed (r=.29,
N=2001), but not with Visual Accuracy (r=-.05, N=1906, P=.03). A general physical
speed factor (as opposed to mental speed, which is the target of the Idea Productivity
Worksample) is apparently involved, and is controlled for in the final norms through
Writing Speed.

Time Frame was originally designed as an alternate measure of Idea Productivity.
The original idea for Time Frame was that the examinee would have ample time to
respond to the worksample stimulus, and so this would be a control for the speed factor.
The correlation with Idea Productivity has consistently been too low to use Time Frame
in this manner, and in fact it was this low correlation that led researchers to try to figure
out what exactly Time Frame was measuring. Clearly, however; some of the variance on
Time Frame is attributable to the person's ability to come up with ideas rapidly and
fluently. The tasks involved are similar in the sense that the examinee is asked to come up
with associations to nonsensical stimuli, and told that it is the number of responses that is
being measured, and so. it would be predictable that there would be shared variance
between these worksamples.

Idea Productivity is designed to measure the speed, or rate of flow of ideas. We
would expect the measure to relate to other tests that load heavily on speed of production.
These would be Writing Speed, Time Frame, Visual Speed, and, to a lessor extent, to
Manual Speed. These would all be expected relationships based on the concept of the
measure. In addition, Idea Productivity does not relate strongly to the other measures of
The Highlands Ability Battery. As the concept of speed or rate of flow of ideas is not
strongly related to any of the other measures, this also is in line with predictions. We can
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see that the present study of crosscorrelations, provides strong evidence of the validity of
the construct of the test and of the specific measure, Idea Productivity. A

JOCRF Worksample 161

The table below lists correlations between Worksample 161 (scored on number of
words), and other tests administered by the Johnson O'Connor Research Foundation.
Each correlation is based on a single-sex sample having a restricted age range (usually
one year, and never more than six years) The correlations are listed in descending order
of size.

Except for the correlation with Tapping, all of the correlations are based on data
gathered between 1961 and 1979. Correlations obtained during the 1930's and 1940's,
when the administrations of Worksample 161 and of other tests differed somewhat from
their current administrations, are in all instances very close to the correlation values
shown in the table below. For reports of the earlier correlations, see Helme, 1941a
through 194le; Horton, 1940a; Lieberman & Helme, 1940; Luqueer, 1941; and
Luqueer and Helme, 1941. .
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Worksample 161 Correlations With Qther Tests

)

AVG. WRKks. No. OF RANGE OF
CORR. WORKSAMPLE NAME No. Corrs. SEx N CORRSs.

.60 Writing Speed 301 M&F 3 516 55-.65

32 Tapping (not in THAB) | 221 M 3 360 30-.34

26 Time Frame 307 M&F 7 | 1,316 | I5- .41

22 English Vocabulary Mé&F 8 | 1,486 | .12-.30

‘ (Vocabulary)

22 Number Checking (not| 380 M&F | 11 | 1,952 | .05-.33
in THAB) :

.19 Number Memory (notin | 165 M&F 5 916 13 -.36

17 Number Reasoning (not| 436 M 2 400 .08 -.25
in THAB)

17 Spelling (not in THAB) | 541 M 1 200 .

.16 Analytical Reasoning 244 M&F 7 | 1,316 | .01-.27
(Concept Organization)

.15 Pitch Discrimination 315 M&F 5 916 08-.24

.15 | Rhythm Memory 366 M&F 5 916 .08-.18

.14 Tonal Memory 498 M&F 8 | 1,486 | .04-.25

.14 Inductive Reasoning 164 M&F | 10 | 1,752 | -.01-.25
(Classification) '

13 Silograms (Verbal 376 M&F 5 916 | -.05-.25
Memory)

13 Memory for Design 294 M&F 6 | 1,116 | -.01-.23

13 Finger Dexterity 16 M&F | 4 762 .05-.18
(Manual Speed & Acc.)

12 Tweezer Dexterity (not| 18 M&F 3 516 .03,.16
in THAB) ’ -

.10 Timbre Discrimination | 369 M&F 5 916 01-.23
(not in THAB)

.07 Wiggly Block (Spatial | 4,5,6 | M&F 9 | 1,552 | -10-.21
Visualization) -

.06 Observation 206 M&F 3 592 | -.01-.14

.05 Grip 185 M&F 4 716 | -.13-25

.04 Proportion Appraisal 235 M&F 5 916 | -.03-.13
(not in THAB) .

.00 Word Association 35 M&F 7 | 1,182 | -.17-.14
(Generalist/Specialist)

Sources: Brehler, 1973; Daniel, 1975b, 1978b, 1979a; DeGrazia, 1964; Horton, 1940b; Kyle & Moncada, 1972; Shambaugh, 1974c;

Wager, 1972,
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As would be expected, we see the same pattern of crosscorrelations with the
JOCREF battery as with The Highlands Ability Battery. Worksample 161 correlates at a
very high level with Writing Speed (this source of variance is then partialed out in the
final norms), and at somewhat lessor levels with Time Frame, and Number Checking

(Visual Speed).
Ideaphoria, The Ball Aptitude Battery

The following subtest intercorrelations were reported for the BAB:

Idea Productivity (Ideaphoria)
N=120 |
Source: Bizot, Dawis, and Goldman (1993)

Test r=
Visual Dexterity 0.25
Idea Fluency 0.21
Classification 0.24
Specialist-Generalist -0.02
Writing Speed 0.29
Spatial Relations/Theory 0.18
Vocabulary 0.19
Verbal Memory 0.05
Number Memory 0.23
Manual Dexterity 0.19
Grip -0.32
Concept Organization 0.27
Spatial Relations/Visualization 0.03
Numerical Computation 0.18
'Numerical Reasoning 0.17

Idea Productivity again shows the same basic intercorrelational structure on the
BAB as on other similar ability test batteries. We see relatively strong correlations with
Writing Speed and with Idea Fluency (a test very similar in construction to Time Frame).
We see statistically significant, but not practically significant correlations to Concept
Organization, and Visual Dexterity (the BAB does not separate out Visual Speed vs.
Visual Accuracy. In the case of Idea Productivity, this separation is significant. The only
substantive difference occurs with Grip, which shows a practically significant, negative
correlation on the BAB, whereas this correlation, though statistically significant, and
negative, on The Highlands Ability Battery, is not practically significant.

Summary, Intercorrelational Studies

In conclusion, we see a good deal of consistent evidence for both convergent and
divergent validity with the three ability batteries studied. Idea Productivity consistently
shows a strong relationship to Time Frame, which would be expected, given the
similarity of the two tasks. In addition, Idea Productivity consistently shows a strong
relationship to Writing Speed. This relationship is so strong and consistent that it is
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partialed out in the final norming of raw scores. In fact, this is the main reason that
Writing Speed is given on these test batteries. Idea Productivity shows a consistent,
though small connection to Concept Organization. This is interesting, because the
construct of Concept Organization would lead one to predict this connection. Concept
Organization is designed to measure the person’s ability to place ideas in logical, rational
sequence. It is strongly associated with the ability to write logically and so that others can
understand one’s ideas. We can assume that, given the task of writing down the logical
consequences of a rather bizarre situation (the task of Idea Productivity), that the person
who is high in Concept Organization would be able to accomplish this task with less
effort than the person low in Concept Organization. Another interesting finding is the
consistent negative correlation of Idea Productivity to Grip. It may be that the person low
in Grip is able to ‘let go’ and play with the task of Idea Productivity more easily than the
person with high Grip. If this is the case, it may be that Grip can be a possible negative
indicator in developing a creativity scale.

Idea Productivity shows a consistently low connection to other abilities for which
we would not expect a strong connection. These intercorrelational studies therefore
provide strong and consistent evidence of the validity of the Idea Productivity
Worksample.
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OCCUPATIONAL VALIDITY

JOCREF Studies

Sales

For many years, selling has been considered one of the activities most likely to
use high Idea Productivity, because a person whose job it is to convince others of the
benefits of an idea, product, or way of looking at things could profit from being able to
come up with different ideas and approaches quickly. Various groups of salesmen have
been tested over the years. Therefore, it is possible to see whether their scores are higher
than scores of the general population, and to see whether there are any indicated
relationships between Idea Productivity scores and success in sales.

There have been 12 studies of salespeople. Three were follow-up studies of
Foundation examinees tested over the previous 40 years. In one of these studies
(Kennedy, 1969) it is possible to control for year of testing by dividing the sample into
two groups: those tested in 1946-56 (N= 35) and those tested in 1957-69 (N= 29). In
each group, the salespeople with 10 or more years' experience scored higher than the
salespeople with one to nine years of experience. Also, the salespeople with 10 or more
years' experience scored higher than the general population tested by the Laboratory
during the same time period (for the 1957-69 group, median = 88th %ile, P <.0l; for the
1946-56 group, median = 2nd quartile, P=.06, and a significantly large proportion, 46%,
scored in the 1st quartile, P< .01). In neither group did the salespeople with one to nine
years' experience scored any higher than the general population.

In a second follow-up study (O'Connor & Kelliher, 1972), time of testing was not
controlled, and so the results cannot be interpreted as easily. There is a positive
correlation between number of years' experience in sales and Idea Productivity (N= 80,
P<.05). Another study done at the same time (Seeley, 1940f) examined the scores of 34
inside counter clerks, all of whom had four or more years' experience. These jobs
required strict attention to detail, a minimum of change and adjustment, and explaining
aspects of products repeatedly to different customers with very little requirement for
persuasion. These clerks were found to score significantly lower than the general
population (35% were in 1st or 2nd quartile; P <.01) .

Several company studies of salespeople have been accomplished. In each, HEL
tested a number of experienced employees of a single company. In the early 1970's, three
groups of salesmen employed by Company 5, a seed producer and distributor, were
tested. The first group of 18 men considered successful by the company and having at
least one year's experience averaged significantly higher than the general population
(median: 72%, P <.02; Bix, 1970). The second group (N= 35) averaged 61%, slightly
higher than the general-population median of 53. (Kelliher, 1972b) The third group of 28
salesmen was divided into the 17 who had met their yearly quotas for five or more years,
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and 11 who had not; the former averaged higher than the latter (79% vs. 52%), and also
averaged significantly higher than the general population (P <.01); over half of these
successful salesmen were in the 1st quartile. (Shambaugh, 1974a)

In the mid-1940's the Laboratory tested groups of employees at two different
manufacturing companies. At Company 6 (Broude, 1946), 10 salesmen, 24 managers and
executives, and 21 foremen were tested; and at Company 11 (Licht, 1947a), 12 salesmen,
11 managers, 11 foremen, 29 engineers and 13 laborers were tested. Results from the two
studies were very similar. In each study, managers and salesmen averaged higher than
other employees, but not differently from each other. The median percentiles for
salesmen were 83 (P< .02) and 66 (P= .51), and those for managers were 80 (P= .002)
and 64 (P= .09). In both studies, foremen averaged slightly below the 50th percentile.
Finally, Licht found engineers to average at the 36th percentile (P< .02) and laborers at
the 23rd percentile (P= .003). Analysis of variance showed significant inter-job variation
in the Licht study (P <.05). These two studies suggest that salesmen score higher than
foremen, engineers, and laborers, but not higher than managers.

Twenty-five sales executives who had sold successfully for two or more years for
Company 18, a Midwestern firm specializing in house-to-house sales of groceries and dry
goods, were tested by HEL in the late 1930's (Phillips, 1941). These men averaged very
high on the Ideaphoria test, with a median at the 78th percentile and 56% grading A.
These salespeople's score distribution was significantly higher than that of the general
population (P <.02).

In 16 independent comparisons of salespeople with the general population,
salesmen scored significantly higher on Idea Productivity. This is a strong indicator that
some relationship exists between scoring high on the Idea Productivity Worksample and
being successful in sales. This relationship becomes stronger when the actual job
description and function are taken into account. Some jobs that could be called sales jobs
involve only reciting the virtues of a product. These jobs are routine and require the
person to do virtually the same thing day after day. A job of this description has a
significant negative correlation’' with Idea Productivity. On the other hand, jobs that
require a good deal of persuasion and changing of perception or opinion (cf. salespeople
persuading others to accept a new way of shopping for groceries) load quite heavily on
Idea Productivity.

Teaching

Two studies (Seeley, 1941b; Tatlock, 1972) have found high school teachers to
score significantly higher than the general population on the Idea Productivity
Worksample. The 34 teachers in Tatlock's follow-up study had a median at the 70th
percentile (P=.01). Seeley subdivided his sample by sex and by area taught. He found the
35 male teachers (median: 89th percentile, P<. 0001) , but not the 28 female teachers
(median: 68th percentile, P= .10) to score significantly higher than the general
population. The males scored significantly higher than the females (P< .01). The highest-
scoring teachers by subject area taught were the language and history teachers (N=15,
median: 87th percentile, P <.0l) and the science and math teachers (N=14, median: 84th
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percentile, P<.02). The 21 English teachers averaged at the 67th percentile, not
significantly higher than the general-population median (P=.08).

>

Tatlock (1972) found 42 college teachers with an average of nine years'
experience to score higher than the general populat1on (median: 65th percentile, P <.05).

Finally, both Seeley (1940e) and Tatlock (1972) found elementary school teachers
to score no higher than the general population.

When we look at the teaching function and the teaching environment of these
three groups, these differences become understandable. Elementary schools and
elementary school teaching involve a high amount of repetition and stability. A great deal
of rigidity is necessary for young children to help them learn basic social rules and basic
principles of education. High schools and high school teaching necessarily involve a great
deal more chaotic environment with much more emphasis on dealing with the challenge
to authority and questioning of the adult world typical of this age. College teaching, with
its dual emphasis on teaching older adolescents .and doing publishable research in an
academic field of inquiry, falls somewhere in between these two poles.

In general, the more chaotic and changeable the environment, the more persuasion
and change of opinion are called for, and the more direct (verbal) challenges are being
dealt with, the more a particular job will load on Idea Productivity. On the other hand, the
more routine is called for, the more stability is required and/or is typical of the
environment, and the less that interactions need to lead to change in the other, the less
Idea Productivity is called for.

Engineering

There have been five studies comparing engineers' scores on the Idea Productivity
Worksample with those of the general population tested by HEL. Brown's (1972) follow-
up study of past examinees found a group of 133 engineers to score higher than the
general population (median: 64th percentile, P= .002). The median scores for the five
subgroups--electrical, mechanical, civil, construction, and chemical engmeers—-were all
similar, ranging only from the 53rd to the 69th percentiles.

Studies of smaller groups of engineers found either no difference from the
general-population distribution, or found engineers to score lower than the general
population. Thirty-three construction engineers working for Company I had a median at
the 46th percentile (Bix, 1971). Twenty-nine engineers employed by Company 11, a
steel manufacturer, had a median at the 39th percentile (P <.02) (Licht, 1947a). The
median score for 16 safety engineers employed by an insurance company (Company 17)
was at the 38th percentile, not quite significantly lower than the general population
median (P=.06) (Mitchell, 1942). Seeley (1942a) found no significant difference between
a group of engineers and the general population (N=65; median, 67th percentile; P=.11).
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Law

HEL has twice looked at the scores of groups of lawyers. The first study (Seeley,
1942c), involved 48 lawyers with at least two years' experience. This study found them to
score higher than the general population (56% graded in the top quarter of general-
population norms; P <.002). A second study (Daniel, 1978d) was a follow-up study of
individuals tested over the past several decades. Forty lawyers who had been tested after
1957 scored significantly higher than the general population (median: 62nd percentile, P=
.05).

Medicine

A 1972 follow-up study (Daniel, 1978h) examined the scores of 58 physicians, all
of whom were beyond their internship. The average amount of experience of those
beyond their residency was about 11 years. This group scored very high, with a median
at the 76th percentile (P=.002). Among physicians with more experience -- that is, those
tested 1946-57 -- there was no significant variation in the scores of different subgroups
(surgeons, general practitioners, clinical specialists). ‘

The six surgeons, however, did tend to score relatively low on Worksample 161
(five of six scored below the general population median) and the general practitioners
were the highest-scoring subgroup with all six scoring above the general population
median. These tendencies are consistent with the interpretation of Worksample 161 as
measuring a rate of flow of ideas; the Laboratory has contended that in surgery
especially, a rapid flow of ideas would not be useful, and could even be a handicap, in
that surgeons typically need to have extremely focused concentration on one object for
considerable periods of time. Having distracting thoughts unrelated to the matter at hand
(as might be typical of someone with high Idea Productivity) would thus be highly
counterproductive.

Because the follow-up studies of lawyers and doctors were conducted
simultaneously, using the same procedures, it is meaningful to compare the scores of
these two groups. Both for those tested in 1946-57 and for those tested later, there is no
significant difference between the scores of lawyers and physicians (P = .45, P= .34).

Journalism and Editing

Early in the 1940's the Laboratory tested two small groups of magazine editorial-
staff members, writers, and researchers. One study (Tufts, 1941) involved nine members
of the Chicago and Washington offices of a national news magazine. These people
scored significantly higher than the general population (89% scored above the general-
population median; P <.05). The other group (Seeley, 1941c) consisted of 18 editors and
writers, and 17 researchers, for a national business magazine. Again both groups scored
high, with 67% and 100%, respectively, scoring above the general-population median (P=
.03, P<.0001).
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Management

Six studies of managers, administrators and executives produced results that are
largely consistent: These people scored about the same as the general population tested by
HEL. Mitchell (1942) found 13 insurance company administrators to average at the 40th
percentile (P=.76). Nineteen executives for a rubber manufacturing company, with an
average of 25 years' experience, averaged slightly but not significantly higher than the
general population (63% scored above the general population median, P= .58) (Tufts,
1942). Kelliher (1972c) conducted a follow-up study involving 57 past examinees
currently doing managerial work (supervisors, managers and executives). Their median
score was at the 38th percentile (P= .07). A group of 18 product managers for a seed
producing company was divided into the nine who were rated as more successful and the
nine rated less successful by a management committee (Shambaugh, 1974c). There was
no significant difference between the scores of the groups (P=.46). Neither the successful
managers nor the entire group of 18 managers scored significantly higher than the general
population (P= .82). Finally, studies of manufacturing company managers by Broude
(1946) and Licht (1947) showed them to score higher than the general population, with
medians at the 80th and 64th percentiles (P= .0002, P =.09). In both of these studies,
managers scored about as high as salesmen and higher than foremen. These studies are
- largely consistent with the view that high Idea Productivity is not particularly helpful to
managers.

Technical Work

High Idea Productivity is not thought to be particularly helpful to people working
in technical jobs. For example, Ricks (1942) tested 20 air mechanics of a major airline,
and found them to score no differently from the general population (median: 65th .
percentile; P=.90). Eighteen technical workers at a radio company scored just the same
as the general population (Barrows & McLanathan, 1941). Similarly, 11 electrical con-
tractors tested in 1974-76 had a median percentile score of 42 (P =.79) (Carney, 1976).

On the other hand, high Idea Productivity is thought to be helpful to people whose
job is primarily concerned with research, even if it involves a technical area of research.
Nine college-trained research metallurgists, tested by the Research Foundation in 1941,
scored extremely high on Worksample 161: all but one scored in the top 20% of the
general population distribution (P =.001) (Wilks, 1941). This finding is consistent with
the view that high Idea Productivity is helpful to the researcher.

Banking, Accounting and Clerical Work

For years, HEL has held the view that people doing work that requires careful
attention to detail and accurate repetition of consistent procedures would benefit from
being low in Idea Productivity. A rapid flow of ideas could easily interfere with work
that requires concentration but allows for little deviation from established practice.
Banking, accounting and clerical work seem to fit this description, and the Research
Foundation has been particularly interested in the Idea Productivity scores of people in
these occupations.
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Three studies have examined the scores of bank employees. In the largest of
these, Seeley (1942b) found 58 male employees of a New York savings bank, who had a
median of 11 years' employment at that bank, to have a median score at the 38th
percentile on general-population norms ('P =.02). At the same bank, 17 female
employees -- most of them stenographers -- averaged at the 50th percentile (P= .69).
Among the male employees, 23 tellers averaged at the 39th percentile (P= .08), 11
bookkeepers at the 46th percentile (P=.59), and seven interviewers at the 28th percentile
(P=.04). A second study (Daniel, 1975a) involved 12 men who had an average of over 18
years' experience with a suburban New York bank, and who held positions such as branch
manager, vice president-secretary, auditor, and data-processing manager. The median
score for these men was at the 27th percentile (P=.01). In a third study, 10 employees of
a New Jersey bank, with an average of only a few years' experience, averaged at the 50th
percentile (Metcalfe, 1940). Bank employees with a substantial amount of job experience
appear to score lower than other people tested by the Research Foundation in Idea
Productivity.

In 1940 the Research Foundation looked at the Idea Productivity scores of men it
had tested over the previous several years who had worked as accountants for at least two
years. Their median score was at the 51st percentile, and the proportion of people scoring
in the 1st quartile was no less than would be expected in the general populatlon (Seeley,
1940b).

Mitchell (1942) reported on the testing of 22 male clerical workers at an insurance
company. These men had an average of 3.7 years' experience with the company, in
positions such as claims adjuster, claims investigator, underwriter, or clerical worker.
They scored significantly lower than the general population (median: 40th percentile,
P<.05). .

The final study in this section involved 14 female clerks and order editors
employed by a large seed-producing company. The women had an average.of 3.2 years'
experience with the company. They scored extremely low on Worksample 161 havmg a
median at the 22nd percentile (P <.001) (le 1970). :

The term "clerical work," as used in this section, has covered a wide range of jobs,
from stenography to accounting. There are consistent patterns among the findings.
Experienced bank employees definitely average lower than the general population on the
Idea Productivity Worksample. Clerical workers at an insurance company and clerks at a
seed company also score significantly lower than the general population. Accountants,
whose jobs involve a greater amount of professional training than the jobs previously
listed, score at about the same level as the general population. It is worthy to note that the
highest scoring bank employees in the Seeley (1942b) study were the five accountants.
As far as the Idea Productivity Worksample is concerned, then, there appears to be a
demarcation between, on the one hand, clerical workers for banks, insurance companies
and businesses, and professional accountants and actuaries (whether self-employed or
working for a company) on the other.
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Summary of Idea Productivity Scores for Professional Occupations

HEL has done a number of studies in which the data from various professional
occupational groups has been gathered (Trafton, 1979a; Tal, 1986; Daniel, 1983a;
Bethsheider, 1989b; Brodie and Foxley, 1982; Tal, 1985). The results of these
monographs are summarized in the table below:

Scores By Occupations On Idea Productivity
| (ideaphoria)

Johnson O'Connor Research Foundation
Occupaion Mean (%ile) N=
Journalists 83 26
Dentists 78 116
Guidance Counselors 67 49
Physicians 64 34
Actuaries 63 53
Musicians 50 14
Baseline 50 300

Sources: Trafton (1979a); Tal (1986); Daniel (1983b);
Bethsheider (1989b); Brodie and Foxley (1982);
| Tal (1985)

As can be seen from these data, all of the professional groups studied, with the
exception of musicians showed higher than average scores on Idea Productivity. It should
be noted that only journalists, dentists, and guidance counselors showed percentile
averages at least one standard deviation above the mean. With regard to journalists and
guidance counselors, we would predict higher than normal scores on Idea Productivity.
We would not necessarily predict higher than normal scores in Idea Productivity for
dentists, as the actual dental work requires a good deal of concentration. It may be that
the running of a dental office requires a fairly constant high number of decisions and
interactions throughout the day, which would be aided by high Idea Productivity. It
should also be noted that dentists as a group are notoriously dissatisfied with dentistry as
a profession. This notably high score in Idea Productivity in a profession that might not in
fact use it may explain some of this dissatisfaction.

Idea Productivity: Educational Criteria and Choices

There have been a number of studies of the relationship of Worksample 161 to
academic performance. Several of these concerned high school students. Ferry (1938)
tested 20 problem students and 105 other students at a public high school. The problems
were both academic or disciplinary in nature. There was no difference in the Idea
Productivity scores of the two groups. Bato, Wright, Horgan and McLanathan (1940) and
Horton (1945a) each reported studies in which students of a single high school grade
were classified as having made slow, normal, or rapid school progress based on their age
relative to the average age of students in their grade. Bato ef al. tested 48 sophomores
and found no differences among the mean scores of the three rate-of-progress groups.
Horton's first study concerned 40 sophomores; he found the rapid-progress (younger)
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students to have a slightly higher age-percentile than the normal-progress students, but
the difference was not significant (P= .24).

Horton's second study involved 56 seniors and 24 juniors. Among the seniors,
there was no correlation between the rate-of-progress index and Idea Productivity age-
percentiles (r= .01). Among the juniors, this correlation (corrected for grouping) was .44
(P <. 05), but the correlation was entirely due to the very low scores of the five students
in the slow-progress group, whose median was at the 25th percentile.

Luqueer (1943) conducted a similar study, but she grouped the students by age
rather than school grade, and she used as her subjects students who had come to the
Research Foundation for testing. She categorized the students as having made slow,
normal or rapid school progress in the same way as Bato er al. and Horton had done. For
each sex, at each age from 14 through 16 she found the same pattern of mean raw scores:
the rapid-progress students scored highest and the slow-progress students lowest. The
differences were substantial, although Luqueer does not provide the information that
would be necessary for performing tests of statistical significance.

A study by Weston (1941) reported the Idea Productivity scores of 52 male
students of the class of 1940 at an Ivy League college. There was no relationship
between Worksample 161 scores and three levels of academic status (failed to graduate,
graduated with honors, and graduated without honors). Horton (1941) made a study of
the academic performance of engineering students tested as freshmen or seniors at an
engineering school in 1929-32. In this study, Worksample 161 was scored on the number
of non-duplicated nouns. Neither among the freshmen-tested students (N= 80) nor
among the senior-tested students (N= 79) was there any difference between the average
Idea Productivity scores of the half rated as good scholars and the half rated as poor
scholars.

To summarize the results of HEL studies of the Idea Productivity Worksample
compared to various measures of academic performance, we may say that the studies of
high school students found no correlation between Worksample 161 score and rate of
school progress. In two studies of college age students, no relatlonshlp between Idea
Productivity scores and school progress was found.

The following study of the scores of various college students in various majors is
reported by Bowker (1981a). As can be seen from these data, there is very little difference
between the different majors on Idea Productivity. This is an interesting finding and
provides indirect evidence supporting the idea that college students do not, in most cases
differentiate themselves according to abilities; rather, there are a number of other factors,
many of which are essentially extraneous and serendipidous, that go into a college
student’s choice of major. Occupational choice typically shows more predictable
differentiation according to abilities, with more longevity in occupation showing even
more predictable differentiation.
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[ (Ideaphoria)/
Johnson O'Connor Research Foundation .

Direction and significance of difference between mean and group mean shown.
Major Mean N= SD= direction t P=
Economics 62 22 23|above 1.4912991 0.068
History 61 35 26|above 1.4319319 0.076
English 61 46 27|above 1.5648619 0.059
Biological Sciences 61 30 28|above 1.2463313 0.107
Business Management 55 40 30|above 0.1232525 0.451
Engineering 152 38 29|below -0.486581 0.313
Education 52 56 27 below -0.616842 0.269
Art 50 43 29|below -0.945615 0.172
Psychology 50 26 31 |below -0.703359 0.241
Sociology 48 21 27 |below -1.054669 0.146
Accounting 43 23 23 |below -2.278252 0.012
All Majors 54.39 380 27.53

Source: Bowker (1981a).

Ball Foundation Studies

The Ball Foundation has done a number of validation studies using their form of
the Idea Productivity Worksample (Sung and Dong, 1984). The BAB worksample is
exactly similar to the Idea Productivity Worksample of The Highlands Ability Battery
and Worksample 161 of the Johnson O'Connor Research Foundation. The following
summary shows the results of several studies of particular occupational groups with
regard to Idea Productivity. The occupational groups are listed in order of their average
scores on Idea Productivity. Total N of the study and standard deviation are also listed.

Group 1

The highest mean score was in the group of teachers. The teacher's job is to
explain an idea to his or her student. If the student does not understand, it helps the
teacher to be able to come up with another way to say it. In this, Idea Productivity is quite
useful. The Johnson O'Connor Research Foundation has long maintained that Idea
Productivity is quite useful to teachers, consultants, presenters, performers and
salespeople for this reason. The next highest score was professional accountants.
Accountants are in the position of explaining complex ideas to their clients as
consultants. They are successful when they can convince their clients of the correctness
of their point of view. In this, again, Idea Productivity is quite useful. Salespeople had the
next highest scores. Sales is a field that benefits from high Idea Productivity when the
selling involves convincing another person face-to-face of the benefits of a product.
When sales involves mainly mechanical functions of accurately ringing up prices, and
stereotyped explanations of products, it benefits from low Idea Productivity (see Section
on Sales above). Teachers are not significantly different from accountants (P=.30);
accountants are not significantly different from salespeople (P=.05). This group describes
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a function -- explaining and convincing in a face-to-face, give-and-take situation -- that
loads heavily on high Idea Productivity.

o»

Group 11

The next group - pilots and horticulture students -- is significantly lower in Idea
Productivity than the highest group (pilots lower than salespeople, P=.007), and
significantly higher in Idea Productivity than Group III (horticulture students higher than
high school students, P=.0008).

Both pilots and horticulture students must concentrate for long periods of time on
a single task. This means that high Idea Productivity would be counterproductive for
them. On the other hand, they must solve complex problems that come up, and sometimes
tackle new situations. This activity would use some level of Idea Productivity.

Group IIT

Group III, unselected high school students (which may be taken to be a
representation of the general population and not any particular occupational group),
clerical workers, and carpenters, were in the lowest range on Idea Productivity. There
were no significant differences between high school students and clerical workers (P=.47)
or between clerical workers and carpenters (P=.10). Carpenters were significantly lower
than high school students in Idea Productivity (P<.0001). Clerical workers and carpenters
must often concentrate on a single, repetitive task for long periods of time. High Idea
Productivity would be a clear disadvantage for these occupational groups.

The results of a number of occupational studies using the BAB are summarized
below with regard to Idea Productivity:
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Scores By Occupations On Idea Productivity
Ball Foundation l
Chart shows direction of difference between mean and standardization sample mean,
as well as estimate of significance of difference. :
Occupation Mean= SD= N= direction t pP=
Career Counselors 228.31 64.82 42 " above 6.5743761 <.001
Elementary School Teachers 226.59 47.12 66 above 10.520638 | <.001
Teachers 223.15 44.05 93 above 12.148818 <.001
Accountants 218.52 59.01 64 above 7.46114 <.001
Sales 200.18 |: 64.31 61 above |[4.6031505| <.001
Administrative Assistants 195.59 63.47 46 above 3.6092118 <001
Audit Clerk 192.47 71.16 39 above |2.7248747| 0.003
Secretaries 190.97 70.7 38 above |2.5797896 0.005
Agricultural Packer 183.67 59.54 46 above 2.520205 0.006
Scientific Helpers (Botany) 182.81 62.08 44 above 2.2843441 0.011
|Office Clerks 182.35 64.23 57 above 2.4453793 0.007
Communications 182.1 63.01 20 above 1.4933506 0.068
Customer Service Assist. 178.13 66.71 48 above 1.7517209 0.040
|Maintainance Technician 173.15 60.89 40 above 1.2493586 0.106
Pilots 172.11 33.15 19 above 1.4248866 0.077
Horticulturist (trainees) 171.61 63.31 248 above |2.3290529 0.010
Horticulturists 170.84 54 -95 above 1.6738089 0.047
Wholesalers (seeds) 170.52 52.68 42 above 1.1524475 0.125
Bank Teller 166.1 65.59 67 above 0.6383814 0.262
Commercial Pilots 164.44 39.06 25 above 0.4499513 0.326
Cosmetic Salespeople 160.79 74.61 57 above | 0.0019691 0.499
Standardization Sample 160.77 67.85 837
High School Students 151.99 68.33 1017 below -2.76392 0.003
Clerical 150.83 81.25 29 below -0.650995 0.258
Graphic Artists 148.75 - 5558 28 below -1.116865 0.132
Dental Lab Technicians 146.97 58.04 60 below -1.757653 0.040
Carpenters . 130.57 59.79 193 below | -6.161642 <.001
Word Processors (trainees) 123.58 50.45 - 88 below |-6.338733 <.001
Carpenter (trainees) 120.37 61.55 355 below -10.04624 <.001
Sources: Bizot, Dawis, & Goldman, (1993)
| Sung and Dong, (1984)

These data are in substantial agreement with other studies by JOCRF and The
Highlands Program. Teachers, accountants, sales personnel (in jobs that require
persuasion), and administrative assistants in jobs that require constant interaction and
decision-making consistently score high on Idea Productivity. On the other hand, for
most jobs neither high or low levels of Idea Productivity are required, and a mid-level
score is most helpful. There are some jobs that require a good deal of repetitive work with
tools or machinery, and which therefore load heavily on concentration. For these jobs,

Idea Productivity is a distinct disadvantage.
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COMPARISON OF IDEA PRODUCTIVITY WITH RELATED MEASURES

Employee Aptitude Survey

The Employee Aptitude Survey (EAS) (Ruch and Ruch, 1980) was developed
over a 10-year period from different subtests already available. The subtests and the
whole scale were extensively validated in numerous studies from 1963-1980. Test 8,
Word Fluency, requires the examinee to write down all the words beginning with a
particular letter that he or she can think of within a given time period. It is an adaptation
of the subtest of the same name in the SRA Primary Mental Abilities (Thurstone and
Thurstone, 1947).

Being able to do well on EAS Test 8 would clearly use somewhat the same ability

that is measured by the Idea Productivity Worksample. In a study undertaken by The

' Highlands Program (Holland, 1994), this was in fact found to be true. The correlation

between EAS Test 8 and The Highlands Ability Battery Idea Productivity Worksample in
an unselected adult population was found to be =.6725 (N=200, P<.001).

EAS Test 8 is a much more complex sample of behavior than the Idea
Productivity Worksample. EAS Test 8 shows very high correlations with the Vocabulary
Worksample (r=.5933, N=200, P<.001) that the Idea Productivity Worksample does not
show. However, since the two samples of behavior load on similar factors and are clearly
quite strongly related, it is helpful to make use of the extensive research that has been
performed on this test. Below is a chart summarizing the research findings for different

occupational groups.

When we look at the functional tasks involved in the different jobs instead of the
overall job category, the data make sense. Idea Productivity is the ability to come up with
new ideas rapidly and constantly. It is a powerful ability, in that people who have it
strongly are usually unhappy if they cannot use it. We would expect people who are high
in Idea Productivity to be in jobs in which this ability would be of some advantage to
them, and in which it would be called into play relatively often. A functional description
of such a job would be one in which the person was called on to handle a variety of tasks,
deal with many different people, and/or come up with solutions to a variety of problems
daily.

On the other hand, low Idea Productivity would be an advantage in jobs that
require constant attention and concentration, or that do not present much variety. Low
Idea Productivity would be a strong selective factor in operating dangerous machinery,
for instance. :

Mid levels of Idea Productivity would be useful in most jobs. This level of Idea
Productivity allows the person to deal effectively with problems and new situations and a
reasonable amount of variety, but allows the person to be able to concentrate for
reasonable periods of time on tasks.
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These are listed in order of Idea Productivity, high to low. In the high group are
those jobs that test significantly higher than the mean for the total tested population
(N=10,919); the middle group does not differ significantly from the mean; and the low
group tests significantly lower than the tested population. In the high group are jobs such
as secretary, administrative assistant, and top managers that require dealing with a variety
of tasks and people. Also in the high group are such jobs as students, actuaries, and
research scientists that require new solutions to a variety of problems. The middle group,
that takes in a number of different jobs such as clerk, buyer, stenographer, bookkeeper,
office manager, and middle manager, encompasses a wide range of functioning and types
of work. The low Idea Productivity group includes jobs that require long and detailed
concentration, such as draftsman, industrial engineer, and service technician, as well as
jobs that involve operating potentially dangerous machinery, such as industrial leadman
or test pilot.
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EAS Test 8: Occupational Data

|

{Direction and significance of difference from Group Mean shown.

[Job Name DOT Code Mean N=" SD= direction t P=
Maie College Students 52.5 295 11.6 above 10.09466448 <.001
[Femate Coliege Students 52.5 286 11.7 above 9.860728998 <.001
Secretary 1-33.01 50.8 272 11.3 above 7.505564252 <.001
Junior Exec.; Admin. As |0-97.14 50.2 306 12.1 above 6.580058105 <.001]
Actuary 0-36.55 50.2 89 13.2 above 3.284748463 <.001
Securities Salesman 1-65.03 49.8 241 12.8 above 5.060429562 <.001
Top Manager 0-97.01-.05 49.1 157 13 above 3.364238389 <.001
Scientist; Mathmetician |0-07,0-35 49 77 13.1 above 2.278239248 0.011
Bank Manager Trainees 48.8 143 11.92 above 3.200883359 <.001
Bank Manager Applicants 484 368 12.77 above 4163831945 <001
Freshman Engineering Stud. 48.1 948 9.7 above 7.509610784 <.001
Architectural Draftsman Stud. 48.1 127 11.2 above .| 2.510386021 0.006
lMiddlc Manager none 479 135 12.6 above 2.11951944. 0.017
IClaims Adjuster 1-57.40 47.8 446 114 above 4.010063166 <.001
hinsurance Underwriter }1-57.30 473 100 12.3 above 1.385082982 0.083
Sales Manager 0-97.61 473 162 11.7 above 1.847343919 0.032
Figure Clerk 1-01.09-.49 47 436 10.8 above 2.665722211 0.004
Sales Engineer none 459 187 114 - above 0.369372352 0.356
Department Store Buyers 458 204 13.11 above 0227851418 0.410
Technical Salesman none 45.7 117 10.6 above 0.112222911 0.455
Electronics Technician |5-83.444 45.6 204 119 above 0.012716351 0.495
Stenographer 1-37.12 45.5 110 11.1 below -0.08391868 0.467
Insurance Salesman 1-57.10 454 111 11.3 below -0.17555168 0.430
Project Engineer none 454 115 124 below -0.16295811 0.435
Accountant 0-01 45 109 11.4 below -0.53688697 0.296
Office Manager 0-97.12 44.8 88 1.9 ‘below -0.61980961 0.268
Assistant Chemist 0-5.22 447 117 11.7 below -0.81780148 0.207
Engineer none 4.6 964 124 below -2.38524595 0.009
Clerk, non Figure 1-04.01-05.01 444 307 10.7 below -1.9156094 0.028
Sales Representative 1-85-87 444 827 12 below -2.75284807 |  0.003
|Design Engineer various 4 366 124 below | -2.41628311 | 0.008
Customer Service Techni|none 44 107 11.7 below -1.39829552 0.081
Purchasing Agent; Buyer|0-91.60 44 103 11 below -1.45858419 0.072
Industrial Engineer 0-18.01 439 115 11.4 below -1.58037389 0.057
Test Pilot none 434 40 13.3 below -1.03961236 0.149
Junior Engineer none 433 257 123 below -2.95252881 0.002
Electronic Tech. Students 43.3 363 11.6 below -3.69814314 <.001
linside Salesman none 429 103 13.8 below -1.97112552 0.024
Manufacturing Superviso|5-91-92 425 94 11.3 below -2.63848035 0.004
General Productive Males 38.7 837 11.9 below -16.1615292 <.001
Draftsman 0-48 385 141 10.8 below -1.73617799 <.001
Whisl Beverage Salesma |1-8521 37.8 165 12.5 below -7.95202159 <,001
Industrial Leadman none 349 180 10.2 below -13.9101011 <001
Grouped Data 45,59 10919 11.69 '
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We can see from these data that the Idea Productivity worksample correlates at a
very high level with Test 8 of the EAS battery, which would be predicted as they both are
designed to measure the same concept. In addition, we can see that the same kinds of jobs
that people typically score high in Idea Productivity (teachers, accountants, sales,
actuaries, secretaries, administrative assistants) people also score high on EAS Test 8. In
addition, the same kinds of jobs in which people typically score low in Idea Productivity
(test pilots, draftspeople, machinery operators, engineers, sales/non-persuasive), people
also score low on EAS Test 8. The larger proportion of jobs in which people score in the
mid-range are similar on the two tests also. This result forms strong evidence that these
two tests are measuring the same construct, and that this construct has predictive value

for many occupations.

Comprehensive Ability Battery

The Ball Foundation compared the BAB to the Comprehensive Ability Battery
(CAB)(Bizot, Dawis, and Goldman, 1993; Hakstian and Cattell, 1982), a commercially
available battery of ability tests constructed in somewhat the same manner as other ability
batteries to include a variety of factors relating to human abilities. The Fi (Fluency of
Ideas) subtest of the CAB is designed to measure a very similar construct as the Idea
Productivity worksample of The Highlands Ability Battery. The Fi subtest is concerned
with producing ideas about a given topic rapidly and without much attention to quality.
This ability has been known to psychologists for some time. The Fi subtest is of the
attribute-listing type, in which examinees must list as many adjectives as they can, in a
fixed time, that can be applied to a given thing.

As can be seen from the definition of the construct for Fi, the two tests, Fi and
Idea Productivity, are designed to measure almost identical constructs. However, we
would expect the Fi subtest, since it loads on a person’s ability to retrieve learned
ideational material and then put this down on paper in written form, to relate to
Vocabulary, which Idea Productivity does not relate to very strongly. We would expect
that Fi would correspond to Visual Speed and Writing Speed. In fact, we find the

following correlations:
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Correlations of Fi with BAB Subtests (N=191)

BAB Subtest Correlation with Fi 4

Idea Fluency S5 7
Inductive Reasoning .19
Specialist-Generalist -.05
Writing Speed .36
Paper Folding » 30
Vocabulary 45
Ideaphoria 48
Analytical Reasoning 29
Shape Assembly 20
Manual Dexterity ' 11

| Grip -.09

Source: Bizot, Dawis, and aoldman, 1993,

As expected, we see a strong correlations with Ideaphoria (Idea Productivity), as
well as with Idea Fluency (a test very similar in design and construction to Fi), Writing
Speed, and very low correlations to such unrelated constructs as Generalists-Specialist,
Shape Assembly, Grip, Manual Dexterity and Inductive Reasoning. We see a relatively
large correlation that we would expect with Vocabulary, but also fairly large correlations
with Analytical Reasoning and Paper Folding. From the construction of the test it is
evident that there is a logical reasoning component to the Fi test that is not present with
Idea Productivity.

This strong relationship of Ideaphoria (Idea Productivity) to the Fi subtest of the
CAB, along with intertest relationships that are consistent with the construct being
measured, provide good evidence that these two tests are measuring very similar
constructs.

Kit of Factor-Referenced Tests

The Kit of Factor-Referenced Tests (Ekstrom, French, and Harman, 1976) is a set
of 72 factor-referenced cognitive tests for 23 factors designed to provide research workers
with a means of identifying aptitude factors in research studies. In 1994, The Highlands
Program undertook to validate The Highlands Ability Battery by comparing the subtests
of the battery to marker tests of the Kit of Factor-Referenced Tests. In accordance with
recommendations of the Manual of the Kit, two marker tests were used to compare the
Kit with each test of The Highlands Ability Battery in two separate studies. These are
reported as Study 1 and Study 2 below. Correlations between each of the marker tests and
each of the other tests of The Highlands Ability Battery are shown.

Factor FI, Fluency, Ideational is defined as the facility to write a number of ideas
about a given topic or exemplars of a given class of objects. The quantity of ideas rather
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than the quality of ideas is emphasized in this factor. Idea Productivity was compared to
two tests of the Kit which were designed to measure FI, the Topics Test (FI-1) ang the
Theme Test (FI-2). In the Topics Test, the task is to write as many ideas as possible about
a given topic. In the Theme Test, the task is to write as much as possible about a given
theme. The Theme Test is obviously almost identical to Idea Productivity. The Topics
Test is clearly strongly related. The definition of the construct being measured is virtually
identical to that of Idea Productivity, and of EAS Test 8.

The following results were obtained for the Topics Test (FI-1):
Comparison of FI-1 to THAB Subtests (N=198)

THAB Subtest =
Classification : .09
Cbncept Organization .09
Design Memory e -.05
Generalist-Specialist o =12
Grip - .06
Idea Productivity 41
Manual Accuracy -.04 '
Manual Speed 29
Extrovert-Introvert .08
Number Memory .04
Observation .29
Pitch Discrimination .09
Rhythm Memory 16
Spatial Relations/Theory .01
Spatial Relations/Visualization -.02
Time Frame .49
Tonal Mémory .19
Verbal Memory 23
Visual Accuracy 13
Visual Speed .09
Vocabulary .09
Writing Speed .19

Note: All correlations over .12 are significant.

As can be seen from these data, the Topics Test correlates very strongly with Idea
Productivity and with Time Frame, as would be expected. Although none of the other
correlations are practically significant according to Campbell and Fiske’s rules (1957),
we see a relatively strong correlation with Manual Speed. The relatively high correlation
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to Observation is interesting. The correlation between Observation and Idea Productivity
is significant, although not practically so. It may be that a relatively high Observation
score is somewhat helpful in the task of generating ideas about a given topic. il

The following results were obtained for the Theme Test (FI-2):

Comparison of FI-2 to THAB Subtests (N=136)

THAB Subtest r=
Classification 15
Concept Organization .16
Design Memory .14
Generalist-Specialist -.14
Grip -.01
Idea Productivity 34
Manual Accuracy -.01
Manual Speed 28
Extrovert-Introvert .16
Number Memory -.11
Observation 21
Pitch Discrimination .08
Rhythm Memory .13
Spatial Relations/Theory 20
Spatial Relations/Visualization .16
Time Frame 31
Tonal Memory .02
Verbal Memory .14
Visual Accuracy ‘ .07
Visual Speed 21
Vocabulary 18
Writing Speed 21

Note: All correlations over .13 are significant.

These data are virtually identical to those obtained with FI-1, except that the
relationship with Time Frame is not quite as strong. This would be expected, as the FI-2
is more different in structure than the Topics Test is from Idea Productivity. It is
noteworthy that, just as with Time Frame, the relationship of FI-1 and FI-2 to Writing
Speed is not as strong.
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These data provide strong evidence for the validity of the Idea Productivity
worksample. The definition of the construct being measured by FI-1 and FI-2 is virtually
identical to that measured by Idea Productivity. In addition, the structure of the tests is
very similar. Not only did we find strong correlations between the marker tests and Idea
Productivity, but we also found the expected pattern of correlations between the marker
tests and other tests of The Highlands Ability Battery.
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RELATIONSHIP OF IDEA PRODUCTIVITY TO SATISFACTION AND
SUCCESS IN OCCUPATIONAL FIELDS

Corollary 6 of the Theory of Abilities would lead one to expect that being in an
occupational field that matches one’s ability pattern would lead the person to be more
successful in that field and also more satisfied with that field. Conversely, if a person
were in an occupational field that did not match one’s ability pattern, this should lead the
person to be less successful in that field, and less satisfied with it.

In 1994-1995, The Highlands Program carried out a research program with
subjects who were participants in The Highlands Program’s testing and workshops. The
Highlands Program gathered occupational, income, and satisfaction data on an unselected
sample of its clients (N=611). The Highlands Program is a private educational career and
life planning service, and The Highlands Ability Battery forms the first part of the
program for all of its clients. The sample was derived from regular clients of The
Highlands Program in its offices in Atlanta, Georgia, and Washington, D.C., for whom
occupational data could .be collected (a high percentage of those in high school and
college had never worked). The age range was 16 to 62; median age was 37; modal age
was 46; and mean age was 37.7. The sample consisted of 234 males and 377 females. The
following information on the highest degree earned was obtained for this sample:
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Highest Degree Earned - Sample (N=611) A

Degree N= : |
H.S. or Less 121
Associate 28
Bachelor (B.A. or B.S.) 259
Masters (M.A. or M.S.) (124
Doctorate (Ph.D.) | 29
M.BA. ‘ 22
Law ; 25

" Medicine/Dentistry 1

This sample reported the following information on ethnic background:
Ethnic Background - Sample (N=611)

Ethnic Background N=
Afro-American 84

European/Caucasian 497
Asian-American 8
Hispanic 7
Native American 10

The average time in the present career field for the entire sample was 6.14 years.

Using information from the U'S. Department of Labor (1970, 1979a,b, 1980,
1991) on the ability requirements for different Occupational Aptitude Patterns (OAP’s),
31 OAP’s identified by the Department of Labor were divided for Idea Productivity into
those for which an ability was considered useful and/or necessary. In addition a further
division was made for Idea Productivity for those occupations for which Idea
Productivity may be a counter-indicator for success and/or satisfaction. The last grouping
of occupations was for those occupations for which the ability should not affect job role
performance either way. We could then compare each subject’s actual ability score with
both reported income range (success) and with reported satisfaction in the occupational
work role, separating those who were in work roles for which the ability was particularly
meaningful (High), for which the ability was negatively meaningful (Low), and for which
the ability had no relevance (Neutral). We would expect the correlation between the
ability and success and satisfaction to be quite strong in the High group, low or negative
in the Low group, and somewhere in the middle for the Neutral group.
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The following tables summarize the division of OAP’s for occupational categories
that require high and low Idea Productivity, as well as those categories for which Idea
Productivity, either high or low, does not have any particular relevance. Notice that this
listing is a very close match for the occupational data gathered on abilities reported
above.

High Idea Productivity

OAP Code Pattern Description
1.04 Performing Arts
1.06 CraftArts
2.03 Medical Sciences
2.04 Laboratory Technolcﬂ
4,01 Law Enforcement '
4.02 Security Services
5.03 Engineering Teéhnology
7.04 Oral Communication
8.01 Sales Technology
8.02 General Sales
11.02 Educational Services
11.08 Communications
11.09 Promotion

Low Idea Product'ivity.

OAP Code - Pattern Description
1.01 Literary Arts
1.02 Visual Arts
3.04 Elemental Work (plants)
5.01 Engineering
5.11 Elemental Work
10.02 Nursing/Therapy
11.03 Social Research
11.05 Business Administration
11.07 Services Administration
11.10 Regulations Enforcement
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Neutral Idea Productivity .
OAP Code Pattern Description

7.07 Clerical Handling
9.01 Hospitality Services
10.01 Social Services
10.03 Child/Adult Care
11.01 Mathematics/Statistics
11.04 Law
11.06 Finance
11.07 Services Administration
11.11 " | Business Management

The following mean scores on Idea Productivity were obtained for each of these
occupational groups:

.[Idea Productivity ]
Direction and significance of difference between means
of Whole Group (WG), High, Low, and Neutral loading groups.

Group Mean SD N=

WG 50.60 27.81 611
Group 1 (High) 55.26 27.27 156
Group 2 (Neutral) 48.49 27.25 350
Group 3 (Lowx) 50.70 29.82 105
Difference Between: Direction . t= P=
WG/High Group 1 (High) . -1.90 0.058

WG/Neutral WG 113 -~ |. 0252

WG/Low Group 3 (Low) -0.03 0.975
High/Neutral Group 1 (High) 2.58 0.010
High/Low Group 1 (High) 1.26 0.210
Neutral/Low Group 3 (Low) -0.68 0.499

As can be seen from these data, there is a significant difference between the High
group and the Neutral group. This finding supports the notion that the high group of
occupations is indeed selecting in favor of those individuals with high Idea Productivity.
The data become much easier to interpret, however, when satisfaction and income are
taken into account.

Clients’ actual scores on. Idea Productivity were compared to their reported
satisfaction with their current jobs, and to their reported income range. Clients reported
their current job satisfaction on a scale of 1-10, and reported their current income range
on a scale of 1-15. Mean reported satisfaction was 5.03; mean reported income group was
6.43. Mean percentile score on Idea Productivity was 50.59; median percentile was 50.
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For the total group, Idea Productivity correlated to satisfaction in current job at
r=.29. This was statistically significant, but not practically significant. Idea Productivity
compared to reported income at about the same level (r=.30). When the whole groufa was
split into three different groups according to the Occupational Ability Pattern grouping
for Idea Productivity above, the following correlations were obtained:

Idea Productivity | |
Idea Productivity compared to Income and Job Satisfaction
for occupations with high, low, and neutral loadings.
= P=
Total Group (N=611)
vs Income 0.30 <.001
vs Job Satisfaction 0.29 <001
Group 1 (High Loading, N=156)
vs Income 0.84 <.001
vs Job Satisfaction 0.66 <.001
Group 2 (Neutral Loading, N=350)
vs Income 0.21 <.001
vs Job Satisfaction 0.18 <.001
Group 3 (Low Loading, N=105)
vs Income -0.13 0.17
vs Job Satisfaction 0.02 : 0.84

As can be seen from these data, the correlations between Idea Productivity and
satisfaction and income change dramatically depending on which group is considered. In
the group in jobs for which Idea Productivity is considered useful, Idea Productivity
correlates r=.66 with satisfaction, and r=.84 with income. Idea Productivity accounts for
over 43% of the variance in reported satisfaction, and over 70% in income. In the jobs
with neutral loadings for Idea Productivity, the correlations between Idea Productivity
and income and satisfaction were statistically significant, but not practically significant.
In those jobs for which low Idea Productivity is considered more advantageous than
higher Idea Productivity, the correlations between Idea Productivity and income and
satisfaction are quite low, and not distinguishable from zero statistically.

This highly significant finding forms powerful evidence for the validity of Idea
Productivity in predicting satisfaction and success in those jobs and job roles for which it
is a significant factor.
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Spatial Relations: Visualization and Theory

INTRODUCTION

Virtually all factor theorists of human abilities include a spatial or spatial
visualization factor that is separable from general intellectual ability and can be
distinguished from other primary abilities (Cattell, 1987; El Kousy, 1935; Gardner, 1983;
Michael, Guilford, Fruchter, & Zimmerman, 1957; Pawlik, 1966; Thurstone, 1938;
Vernon, 1950; Wallbrouwn, Mcloughlin, Elliott, & Blaha, 1984; Lowman, 1991). Vernon
and El Kousy referred to spatial abilities as the K factor, whereas R. B. Cattell (1987)
referred to such abilities as Universal Index (UI) Number 3 (also designated by the
subscript index letter 's' and more generally as S). Although the construct has been
defined in a fairly similar way from one ability structure to the next (usually as the ability
to visualize or mentally manipulate two- or three-dimensional objects and space), many
specific measures have been used to assess spatial abilities.

Of the primary mental abilities, with the possible exception of verbal abilities,
spatial ability has been studied the most extensively. Much of the research has been
directed toward the question of whether there are indeed sex differences in favor of men
(Harris, 1981). Although the finding is controversial (see Berfield, Ray & Newcombe,
1986), researchers have generally found a consistent difference between men on average
and women on average on tasks that are typically used to measure spatial ability
(Maccoby & Jacklin, 1974; Vandenberg & Kuse, 1979). It is thought that men on average
have earlier and ultimately more specialized right-hemisphere development, resulting in
comparative spatial and other right-hemisphere strengths. Men and women whose brains
are less lateralized (e.g., in whom language functions are strongly represented in the
nondominant hemisphere) typically show superiority of verbal over spatial and other
nonverbal ability functions (Geschwind & Galaburda, 1985; Resnick et al., 1986).

Lynn and Hampson (1987) found that Japanese children (aged 4-6 years) were
superior to other racial groups on measures of spatial and number ability. This difference
remained when general intelligence was partialled out (Nagoshi and Johnson, 1987).
Sanders, Wilson and Vandenberg (1982) found that sex interacted with handedness and
ethnicity in predicting spatial abilities: strongly left-handed men had higher spatial
abilities than did strongly right-handed men, whereas women had the opposite pattern. In
any case, the majority of research that has been done on sex differences in spatial abilities
has had as its purpose the elucidation and understanding of this difference. It is not clear
what, if any, relevance this finding has for the individual woman or man who would like
some idea of her or his suitability for a given career (Lowman, 1991).

Spatial abilities may be affected by practice (Eliot, 1987; Embretson, 1987
Stericker & LeVesconte, 1982); however, the amount of effort that may be required to
obtain even modest increments in the ability may be substantial (Ericsson & Faivre,
1988). Thus although spatial ability scores apparently can be affected by practice, it may
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not be practical for the career assessor to recommend intense practice in spatial skills
(Lowman, 1991).

McGee (1979) reviewed the various factor-analytic studies conducted over the
years and concluded that there was convincing evidence for at least two factors of spatial
ability. The first factor, most important in occupational and educational applications, is a
Spatial Visualization factor defined by Ekstrom et al. (1976, p. 173) as "the ability to
manipulate of transfer the image of spatial patterns into other arrangements”" and
described by McGee as "the ability to mentally manipulate, rotate, twist, or invert a
pictorially presented stimulus object” (McGee, 1979, p. 19; see also Marmor, 1976). This
typically large factor appears in most factor studies of the structure of spatial abilities
(e.g., Poltrock & Brown, 1984).

There is ample evidence that spatial ability can be differentiated from general
intellectual ability; however, depending on how spatial ability is measured, there is a
consistent positive correlation of varying size. For instance, if the Block Design subtest of
the WAIS-R were used to measure spatial ability, as it has in some studies (Gormly &
Gormly, 1986; MacLeod, Jackson, & Palmer, 1986) even though there is no clear
evidence that it is in fact a measure of spatial abilities, then it would be assumed that a
very high correlation with general intelligence would follow. See discussion below for
how other ability batteries have measured spatial relations and how individual measures
differ in terms of cross-correlations with other measures.

Johnson O'Connor (1943) posited a strong relationship between spatial abilities,
measured by his Wiggly Block worksample, and mechanical aptitudes or abilities. Some
researchers have proposed a spatial-mechanical factor. Lowman (1991) notes that at least
two types of job-related mechanical abilities can be differentiated: (a) understanding the
principles of how mechanical objects function and (b) translating that understanding into
practical, concrete action (e.g., repairing objects or using tools to get some task
accomplished). Mechanical abilities have been consistently shown to relate more to
spatial abilities than to verbal skills.

Spatial abilities have also been shown to be related to artistic aptitude (Bryan,
1942; Hermelin & O'Connor, 1986; Lowman et al., 1985); architecture (J. M. Peterson &
Lansky, 1980); math aptitude (Benbow, 1988); math aptitude especially in women
(Ethington & Wolfle, 1984; Fennema & Tartre, 1985; Sherman, 1983; Solan, 1987); and
physics aptitude (Pallrand & Seeber, 1984). Johnson O'Connor (1941) reported that
surgeons, scientists, architects, engineers, draftsmen, and mechanics scored high on
measures of structural visualization (Wiggly Blocks), whereas people in the more
verbally oriented occupations (e.g., law, accounting, teaching) tended not to make use of
the trait and to score lower on measures of it.

The Wiggly Block worksample is a three-dimensional psychomotor assessment
device (O'Connor, 1927) which requires use of the hands and eye-hand coordination.
However, the occupational differences O'Connor noted have held up well when examined
by means of more recent paper and pencil measures (Lowman, 1991).



Spatial Relations: Visualization and Theory

Engineering students do well on measures of spatial ability (Bingham, 1937;
Likert and Quasha, 1970). Spatial ability predicts high school performance in shop and
industrial design courses, in math (especially geometry), and in university-level
engineering courses. Higher science grades were also correlated with spatial ability (I.M.
Smith, 1964). Spatial ability has also shown good power for predicting dental school
success (Thompson, 1942). Bingham (1937) argued that spatial ability was important to
both medicine and dentistry.

Airplane pilots generally score highly on measures of spatial ability (Guilford,
1948). Gordon and Leighty found that two aspects of spatial ability (mental rotation and
locating points in space) were especially discriminating of those aviators who graduated
and those who dropped out of naval flight training (N=600). Gordon, Silverberg-Shalev,
and Czernilas (1982) found that fighter pilots were more likely than bomber pilots,
navigators, and helicopter pilots to score highly on a measure spatial ability and to show a
pattern of right-brain lateralization. Right-sided abilities were measured by three tests in
Gordon's Cognitive Laterality Battery (Gordon, 1986); Orientation (rotated three-
dimensional figure representation); Localization (reproducing the location of a specific
point on an answer sheet that was projected on a slide); and Form Completion. Fighter
pilots performed in a superior manner on these abilities and scored significantly higher
than both other occupational groups and a normal comparison group. Performance on
those measures was positively associated with success in the pilot training program.

Technical, engineering, medical, dental and scientific occupations are especially
likely to show an association between spatial ability and occupational success. Spatial
ability has also been found in many of the artistic professions. Although some of the
artistic professions have an obvious need for spatial ability (e.g., sculptors), reproductive
and visual artists also require spatial ability (Barrett, 1945; Bryan, 1942). Architecture,
which combines engineering and art (MacKinnon, 1962, 1970), also requires spatial
ability (Peterson & Lansky, 1980).

Gardner (1983) argued that music also requires a kind of spatial ability, an idea
that has been supported by others (Lynn & Gault, 1986; Lowman, 1991; see also the
Pitch Discrimination, Rhythm Memory, and Tonal Memory Technical Manuals in the
Technical Manual Series of The Highlands Ability Battery, 1994). The Highlands
Program and others have noted the strong positive correlation of Musical Abilities with
spatial abilities (particularly theoretical spatial abilities).

It is possible that managers in particular types of business (e.g., manufacturing,
transportation, or technical engineering) would benefit from spatial abilities more than
managers in other types of business (O'Connor, 1943; Gordon, Charns, and Sherman,
1987; Lowman, 1991).

The Highlands Ability Battery measures two spatial abilities which account for
the greatest proportion of variance on various factorial studies of spatial abilities, and
which are used in the vast majority of occupational studies of spatial abilities. These are
the Spatial Relations/Visualization Worksample and the Spatial Relations/Theory
Worksample. The Spatial Relations/Visualization Worksample asks the subject to choose
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which of three distractors is the same three-dimensional figure representation as the given
figure but rotated in space. Thus this is a measure of the primary factor repeatedly found
by researchers and commonly called Spatial Visualization and commonly measured by
means of a paper-and-pencil figure rotations test. The Spatial Relations/Theory
Worksample asks the subject to imagine a square piece of paper being folded several
times, and then imagine that a hole is put in the folded paper. Subjects are then asked to
locate the position of the resulting holes in the unfolded sheet of paper by means of a
grid. This is another measure of the Spatial Visualization factor. It has been found to be
strongly correlated to the Spatial Relations/Visualization Worksample, but to be
measuring a differentiable ability. The Spatial Relations/Visualization Worksample is
related to a more practical, hands-on, concrete ability and drive to deal with the real world
of three-dimensional objects and space. The Spatial Relations/Theory Worksample is
related to the ability to understand the three-dimensional world of concrete objects and
space, but not necessarily the ability to work with the physical reality. The example often
given is that Spatial Relations/Theory would enable a person to understand the workings
of a car engine, or perhaps to design a car engine. Spatial Relations/Visualization, on the
other hand, would be a key ability for someone who wanted to work on an actual car
engine, or to build one.
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HISTORY

The Spatial Relations/Visualization Worksample

The current Spatial Relations/Visualization Worksample is based on a paper-and-
pencil test of mental rotations developed by Sheperd and Metzler (1971). They timed
adult subjects while they made same-different judgments as to the identity of objects
represented in drawings.

The critical feature of this study is that the degree of rotation between the two
stimuli varied on each trial from as little as 20° to as much as 180° by 20° intervals. The
time which subjects required to judge the identity of the two block drawings was found to
be a linear function of the degrees of rotation separating the two blocks. The slope of the
obtained function corresponds to an average rate of mental rotation of about 60° per
second. Two important features of the processes which subjects use in solving such
problems emerged from this study. First, the transformations were continuous rather than
a series of binary match-mismatch operations. Secondly, this process was called upon
when the problem could not be assigned a simpler, featural structure (Olson, 1975).

In about 1971, Vandenberg constructed a paper and pencil, multiple choice
version of the Sheperd and Metzler mental rotations test (Vandenberg, 1975). In this
version of the test, an initial item, consisting of a line drawing of a three-dimensional
object constructed from 10 small cubes, was presented along with three distractor items.
Of the three distractor items one, and only one, was the same structure as the initial item,
rotated in space. The other two were different structures (one was a mirror image, rotated;
the other was a different structure with a 90° rotation). This version of the Sheperd and
Metzler mental rotations test has been used in a number of studies and compares
favorably with other standard measurements of the domain of Spatial Relations and
specifically, Spatial Relations/Visualization (Wittig and Petersen, 1979; Eliot and
Salkind, 1975; DeFries, ef al., 1982; Defries, et al. 1978; Vandenberg and Kuse, 1978;
DeFries, ef al., 1977; Zimowski and Wothke, 1986; Bethscheider, 1988b; Zimowski and
Wothke, 1988). The Vandenberg adaptation of Sheperd and Metzler is the basis of the
Spatial Relations/Visualization Worksample of The Highlands Ability Battery.

The Spatial Relations/Visualization Worksample appears to measure the same
ability that is measured by the Wiggly Block test of the Johnson O'Connor Research
Foundation/Human Engineering Laboratory (HEL) and the Incomplete Open Cubes Test
(Zimowski, 1985; Bethscheider, 1988b; Zimowski and Wothke, 1986; Zimowski and
Wothke, 1988). Trafton (1981) did a validation study of the Wiggly Block and Paper
Folding tests of HEL. He states:

The interpretation of the factorial composition of Wiggly Blocks is made easy by
the clarity of the referenced factor structure. The first, and the most potent factor
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in the analysis (accounting for over half of the common variance) was clearly
Spatial Visualization.

The Wiggly Block Test of HEL is an individually administered test in which the
subject is asked to reconstruct a three dimensional cubic figure, having seen it put
together and then having had the pieces taken apart. HEL notes that there is a large
memory factor in the Wiggly Block Test, as well as a strong Mechanical component.
There are also unavoidable factors of visual dexterity and manual dexterity. The HEL
Paper Folding Test (identical to the Spatial Relations/Theory Worksample) is highly
correlated to the Wiggly Block Test and has a higher loading on Spatial Visualization
than does Wiggly Blocks (which it purports to measure). However, it is clear that Wiggly
Blocks and the Spatial Relations/Visualization Worksample are both measuring the factor
of Spatial Visualization.

The Spatial Relations/Theory Worksample

The Spatial Relations/Theory Worksample is identical to the Paper Folding Test
of HEL. This test is derived from Thurstone's Punched Holes Test used in the Kit of
Factor-Referenced Cognitive Tests (Ekstrom et al., 1976) and has been related to the
spatial visualization factor by various researchers (Ekstrom, 1973; Ekstrom, et al., 1974,
1976).

The Spatial Relations/Theory Worksample asks the subject to imagine a piece of
paper by means of a simple line drawing. The subject is then asked to imagine that the
paper is folded in various serial orders and in various manners, again via simple line
drawings. The subject is then asked to imagine that a hole is punched in the folded paper
and then that the paper is unfolded. The subject is asked to mark on a grid where the
resulting holes will be.



Spatial Relations: Visualization and Theory

RELIABILITY
The Spatial Relations/Visualization Worksample

The Highlands Program tested the reliability of the Spatial
Relations/Visualization Worksample in 1994 (Holland, 1994). The obtained split-half
(odd-even method) reliability was .84 (N=297).

The reliability reported for the original Vandenberg (1971) version of the Sheperd
and Metzler mental rotations test was .88.

HEL (Bethscheider, 1989a) reports long term reliability for its Wiggly Block test
of .63 (internal reliability of .73; mean time interval, 5.8 years; N=85).

The Ball Foundation reports a test-retest reliability (N=261; test-retest interval, 6
weeks) of its Shape Assembly subtest of .70 (Bizot, Dawis, and Goldman, 1993). The
Ball Foundation reports test-retest reliability over a longer time span of .60 (Dawis,
Goldman, and Sung, 1990), (N=121; test-retest interval, 4 years). The Ball Foundation
also reports internal consistency reliability for the Shape Assembly subtest of .67
(Chronbach’s alpha, N=935) (Bizot, Dawis, and Goldman, 1993).

We therefore have ample evidence of reliability, both short and long-term, and
from the point of view of internal consistency and from the point of view of test-retest.

The Spatial Relations/Theory Worksample

The Highlands Program found an internal (spit-half) reliability of .90 (N=297) for
the Spatial Relations/Theory worksample (Holland, 1994).

Ekstrom, French, and Harmon (1976) report a reliability of .84 for the Paper
Folding Test with two different populations - college students and Army enlistees. HEL
(1988) reports a reliability of .82.

The Ball Foundation (Dawis, Goldman and Sung, 1990) reports a short term (6
week interval) test-retest reliability of .85, and a long term (4 years) test-retest reliability
of .80 (N=121). The Ball Foundation also reports internal consistency reliability for the
Paper Folding subtest of .83 (split half, odd-even; N=1030) and .84 (Chronbach’s alpha,
N=658) (Bizot, Dawis, and Goldman, 1993).

We therefore have ample evidence of reliability, both short, and long-term, and
from the point of view of internal consistency and from the point of view of test-retest.
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GENDER DIFFERENCES

As noted above, researchers have consistently found differences between men and
women on measures of the Spatial Visualization factor. In a large-sample study carried
out between 1989 and 1993, The Highlands Program (Holland, 1994) found that males
and females score significantly differently on both the Spatial Relations/Visualization and
Spatial Relations/Theory Worksamples. (Spatial Relations/Visualization: N=1204,
N,,=892, P<.001)(Spatial Relations/Theory: N=1207, N,,=887, P<.001).

Spatial Relations/Visualization - Gender Differences

Males Females
N= 892 1204
Mean 8.81 6.20
SD 3.22 2.46
t= 21.05
P= <.001
d= 91
effect size large

Spatial Relations/Theory - Gender Differences

Males Females
N= 887 1207
Mean 71.03 59.47
SD 36.66 31.89
t= 7.69
P= <.001
d= 34
effect size medium

As can be seen from these data, the difference between males and females in
Spatial Relations is significant for both Theory and Visualization. Judging the size of this
difference using Cohen’s d (Cohen, 1988), the effect size for Spatial

Relations/Visualization was large, as opposed to Spatial Relations/Theory, which was
medium.

HEL studied the effects of sex differences over a number of years.

Effect Size for Sex Differences In HEL Battery

Test Effect Size - Cohen’s d
Wiggly Block (Spatial Relations/Visualization) .51 (large)
Paper Folding (Spatial Relations/Theory) .40 (medium)

Source: Veccia, 1990,

10
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The Ball Foundation reported separate scores in Spatial Relations/Visualization
(Shape Assembly) and Spatial Relations/Theory (Paper Folding) for samples of males
and females in four age ranges: 16-18, 19-25, 26-39, and >40 (Bizot, Dawis, and
Goldman, 1993). The following results were obtained:

Spatial Relations Visualization: Gender Differences
| Males [ Females
age Group 1 Group 2
Mean SD N Mean SD N
16-18 18.88 7.42 617 15.21 7.54 673
19-25 20.55 7.27 170 16.21 7.81 177
26-39 21.03 7.37 238 18.04 7.23 218
>40 21.44 6.58 94 17.21 6.27 112
Cohen's d t Test
d strength direction t P (2 tail)
0.49{medium Males 8.81 <.001
0.58|large Males 5.36 <.001
0.41 |medium Males 437 <.001
0.66large Males 4.70 <.001

Spatial Relations Theory: Gender Differences
! Males | Females
age Group 1 Group 2
Mean SD N Mean SD N
16-18 11.82 5.19 681 10.43 5.02 761
19-25 12.58 5.19 183 10.09 4.89 198
26-39 12.89 4.53 242 11.51 4.67 244
>40 12.27 3.84 97 9.99 4.1 121
Cohen's d t Test
d strength direction t P (2 tail)
0.27|medium Males 5.16 <.001
0.49medium Males 481 <.001
0.30|medium Males 3.31 0.001
0.57|large Males 423 <.001

As can be seen from these data, the difference between males and females on the
Spatial Relations tests, both Visualization and Theory are statistically significant. Just as
with the data from The Highlands Program and HEL, the effect size for Spatial
Relations/Visualization was generally larger than the effect size for Spatial
Relations/Theory.

College students who took the EAS Spatial Visualization Test (Ruch and Ruch,
1980) showed this sexual differentiation, with males scoring significantly higher
(Ng#=677, N,,=630; P<.001).

11
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As noted above, these results are entirely consistent with those of other
researchers in the area of ability testing (Lowman, 1991).

12
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ETHNIC DIFFERENCES

Using a non-selected sample of clients of The Highlands Program who sought its
life and career planning service, a study to determine occupational satisfaction and
income was carried out. This population had a mean age of 37. Of the 611 people who
participated in the study, 84, or approximately 14%, were of Afro-American ethnic
background, and 497, or approximately 81%, were of European/Caucasian ethnic
background. Comparing the scores of these two groups on Spatial Relations/Visualization
yielded the following results:

Spatial Relations/Visualization - Ethnic Differences

Afro-American European/Caucasian
Mean 38.56 42.70
SD 24.02 24.44
t= 1.46
P= 0.145
d= 17

These data show a statistically non-significant difference between the two groups
on Spatial Relations/Visualization. The size of Cohen’s d indicates that the difference
would be rated small. These data provide evidence that a relatively small percentage of
the variance between scores can be accounted for from ethnic differences (at least
between Afro-American and European/Caucasian populations).

Comparing the scores of these two groups on Spatial Relations/Theory yielded the
following results:

Spatial Relations/Theory - Ethnic Differences

Afro-American European/Caucasian
Mean 44.5056 49.96
SD 29.49 30.36
t= 1.56
P= 0.119
d= .18

These data show a statistically non-significant difference between the two groups
on Spatial Relations/Theory. The size of Cohen’s d indicates that the difference would be
rated small. These data provide evidence that a relatively small percentage of the variance
between scores can be accounted for from ethnic differences (at least between Afro-
American and European/Caucasian populations).

13
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CONVERGENT AND DIVERGENT VALIDITY

The two spatial relations abilities are strongly related to each other, as would be
expected, since they are measuring abilities in the same domain. We would also expect
these two abilities to be related to such visual tasks as Design Memory and Observation,
since both of the spatial relations tests use strongly visual stimuli. Spatial
Relations/Theory also shows a relationship to the Cognitive Problem-Solving tasks of
Classification and Concept Organization. Researchers have historically found a consistent
relationship, although mild, between the spatial abilities and the musical abilities. The
fact that we show this relationship between the musical abilities and Spatial
Relations/Theory, but not with Spatial Relations/Visualization indicates that there is a
predictable difference in the abilities being measured by the two tests. Spatial
Relations/Theory is a more complex task that is more related to an abstract spatial
relations ability. Spatial Relations/Visualization is a more concrete ability that is more
related to the physical, tangible world. These constructs are consistent with the
relationship of Spatial Relations/Theory to musical abilities, but not Spatial
Relations/Visualization.

Spatial Relations/Theory r= N=
Classification 3399 2090
Concept Organization 4974 2089
Design Memory .6035 2094
Extrovert-Introvert 1 -.0245 1547
Extrovert-Introvert 2 -.1037 551
Generalist-Specialist 1 -.0594 905
Generalist-Specialist 2 -.0540 2094
Grip, Left 1645 1777
Grip, Right 1581 1773
Idea Productivity 0771 2089
Manual Speed 1452 2088
Manual Accuracy -.0011 2089
Number Memory 2456 2092
Observation 3502 2092
Pitch Discrimination 2553 2092
Rhythm Memory 2469 2093
Spatial Relations/Theory 1.0000 2095
Spatial Relations/Visualization .5401 2092
Time Frame 1197 2093
Tonal Memory 2376 2094
Verbal Memory 2544 2081
Visual Speed .1383 2002
Visual Accuracy -.1819 1907
Vocabulary 1 .1019 2020
Vocabulary 2 0212 1619
Writing Speed -.0095 2095

Source: The Highlands Program (Holland, 1994)

Note: All correlations over .10 are significant.

14
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As expected, Spatial Relations/Theory shows a strong relationship to the visual
tasks, Design Memory and Observation. This test also shows a strong relationship to
Concept Organization, a logical problem-solving ability, and somewhat lower
relationship with Classification, a non-logical problem-solving ability. This
correspondence indicates that there is probably some amenability for this task to be
solved through a problem-solving tactic rather than through use of a spatial-visual ability
as proposed by the construct. Spatial Relations/Theory shows a small but consistent
relationship to the musical abilities. Spatial Relations/Theory shows no or very small
relationship to Writing Speed, Vocabulary, Visual Speed and Accuracy, Verbal Memory,
Time Frame, Number Memory, Manual Speed and Accuracy, Idea Productivity, Grip,
Introvert-Extrovert, or Specialist-Generalist, as would be predicted by the construct.

Spatial Relations/Visualization r= N=
Classification 2927 2092
Concept Organization 2993 2091
Design Memory 4234 2096
Extrovert-Introvert 1 .0388 1548
Extrovert-Introvert 2 -.0126 552
Generalist-Specialist 1 -.0649 906
Generalist-Specialist 2 0112 2096
Grip, Left 3668 1778
Grip, Right .3664 1774
Idea Productivity -.0412 2091
Manual Speed 1152 2090
Manual Accuracy .0709 2091
Number Memory .1959 2094
Observation .2481 2094
Pitch Discrimination 1715 2094
Rhythm Memory .1569 2095
Spatial Relations/Theory .5401 2092
Spatial Relations/Visualization 1.0000 2097
Time Frame 0533 2095
Tonal Memory 1747 2096
Verbal Memory .1345 2083
Visual Speed .0888 2004
Visual Accuracy -.0626 1909
Vocabulary 1 -.0491 2022
Vocabulary 2 -.0813 1621
Writing Speed -.0760 2097

Source: The Highlands Program (Holland, 1994)
Note: All correlations over .10 are significant.

Again with Spatial Relations/Visualization there is a strong correspondence
between this ability and the visual abilities of Observation and Design Memory, as well
as between this ability and the cognitive problem-solving abilities of Concept
Organization and Classification.

15
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The correspondence of Spatial Relations/Visualization with Grip is interesting
because it would not be predicted by the construct of either ability. Grip purports to
measure through a physical task the tendency of a person to keep trying on a task that is
inherently frustrating. The task for Spatial Relations/Visualization is notoriously difficult
for people who are low in this ability. It may be that the determination being measured by
Grip is keeps these people working on the task even when they are not doing well.

Spatial Relations/Visualization does not show a strong relationship to other tasks
that are not related to it: Extrovert-Introvert, Specialist-Generalist, Idea Productivity,
Manual Speed and Accuracy, Number Memory, Pitch Discrimination, Rhythm Memory,
Time Frame, Tonal Memory, Verbal Memory, Visual Speed and Accuracy, Vocabulary,
or Writing Speed.

HEL has studied spatial abilities for a number of years. HEL measures Spatial
Relations/Visualization (HEL terms this Structural Visualization) through an apparatus
test, Wiggly Blocks, that was developed by Johnson O’Connor (O’Connor, 1943). This
test shows a reliability of .73 (mean reliability of five separate studies; total N=590; range
.64<1<.80; DeGrazia, 1963; Daniel, 1977a). Long term stability of the Wiggly Block test
was measured by test-retest with a mean interval of 14.2 years with a heterogeneous
sample of adults. Spearman rank-order coefficient was .59 (Daniel, 1978c).

HEL reported large sample test intercorrelations for Wiggly Block and Spatial
Relations/Theory Worksamples (Daniel, 1983c). The following chart details these
intercorrelations:

16
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Wiggly Block Worksample (measures Spatial Relations/Visualization)

Ages 17-18 Ages 19-22 Ages 19-25
F M F M F M

Visual Speed and Accuracy .064 -.056 053 .073 -- --
(350) (502) (366) (568)

Idea Productivity Form A .023 -.083 .070 .050 -- --
(231) (322) (215) (363)

Idea Productivity Form B 027 402 154 -.048 -- --
(61) (92) (91) (169)

Time Frame -.078 .007 .109 .036 -- --
(231) (324) (209) (355)

Classification 205 147 -- -- 292 250
(354) (504) (486) (737)

Concept Organization 351 331 -- -- .388 379
(355) (502) (485) (737)

Spatial Relations/Theory 517 .564 -- -- .656 .556
(351) (496) (478) (731)

Specialist-Generalist 079 .060 .100 .047 -- --
(221) (309) (228) (350)

Tonal Memory 152 .043 -- -- 177 122
(190) (255) 217) (348)

Pitch Discrimination 213 .082 -- -- 225 133
(353) (503) (486) (740)

Rhythm Memory .060 .035 -- -- 171 036
(354) (504) 487) (739)

Design Memory 382 468 -- -- .520 440
(355) (502) (485) (737)

Verbal Memory .164 .059 -- -- 229 117
(349) (500) (482) (734)

Number Memory 220 134 - - - - 218 .155
231) (326) (289) (472)

Observation 221 309 325 218 -~ --
(299) (453) (339) (536)

Manual Speed and Accuracy Form .144 247 -- -- .260 205

A (355) (504) (486) (739)

Manual Speed and Accuracy Form .101 192 .066 -.037 -- --

B (185) (230) (138) (244)

Reading Speed .091 -.106 252 -.029 -- --
(137) (159) (101) (142)

Reading Comprehension .181 .087 272 .109 -- --
(137) (160) (101) (143)

Writing Speed -.049 -.001 118 -.011 - - --
351 (502) (366) (575)

English Vocabulary 179 .083 295 273 - - --
(355) (504) (226) (335)

17
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Paper Folding (Spatial Relations/T heory)

Ages 17-18 Ages 19-22 Ages 19-25
F M F M F M

Visual Speed and Accuracy 069 -.020 .062 .109 -- --
377) (546) (393) (599)

Idea Productivity Form A .026 .027 130 .110 -- --
(261) (370) (247) (399)

Idea Productivity Form B .184 .200 .020 151 -- --
(92) (143) (122) (204)

Time Frame -.031 .098 123 .090 -- --
(261) (372) (240) (391)

Classification 247 102 -- -- 220 260
(381) (548) (529) (770)

Concept Organization 470 394 -- -- 442 473
(382) (547) (530) (772)

Spatial Relations/Visualization 517 .564 -- -- .656 .556
(351) (496) (478) (731)

Specialist-Generalist 121 025 -.025 .008 -- --
(245) (349) (248) (378)

Tonal Memory 295 .169 -- -- 315 293
(216) (297) (260) (385)

Pitch Discrimination 282 243 -- -- 315 293
(380) (547) (530) (773)

Rhythm Memory 182 059 -- -- A7 195
(381) (548) (531) (773)

Design Memory 484 500 -- -- 609 .596
(382) (545) (528) (771)

Verbal Memory .238 .187 -- -- 297 260
(376) (543) (526) (766)

Number Memory 328 .180 -- -- 311 282
(261) (374) (341) (514)

Observation 227 284 .353 389 -- --
(326) 497) (369) (568)

Manual Speed and Accuracy Form .097 155 -- -- 240 .164

A (382) (548) (530) (773)

Manual Speed and Accuracy Form 139 209 .083 .095 -- --

B (197) (250) (144) (262)

Reading Speed .130 110 .198 .012 -- --
(142) (178) (107) (151)

Reading Comprehension 433 245 330 300 -- --
(142) 179) (107) (152)

Writing Speed -.025 -.002 127 .029 -- --
(378) (546) (394) (606)

English Vocabulary 381 299 418 350 -- --
(382) (548) (244) (356)
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As can be seen from these data, the Wiggly Block worksample does not correlate
at practically significant levels with Visual Speed and Accuracy, Idea Productivity, Time
Frame, Classification, Specialist-Generalist, Tonal Memory, Pitch Discrimination,
Rhythm Memory, Verbal Memory, Number Memory, Manual Speed and Accuracy,
Reading Speed, Reading Comprehension, or Writing Speed. This finding would be
expected, as the construct of Spatial Relations/Visualization should not have anything in
common with these tests. This finding is also quite consistent with the results of
comparing Spatial Relations/Visualization with the other tests of The Highlands Ability
Battery. The only exception is Classification, which shows a slightly stronger correlation
with Spatial Relations/Visualization than with Wiggly Blocks (although neither actually
reach the level of practical significance.)

Wiggly Blocks does correlate at practically significant levels with Concept
Organization, Design Memory, Observation, and Spatial Relations Theory. This is
completely consistent with the results of correlation of Spatial Relations/Visualization
with the other tests of The Highlands Ability Battery. It would be predicted from the
construct and from previous research.

HEL’s Spatial Relations/Theory does not correlate at practically significant levels
with Visual Speed and Accuracy, Idea Productivity, Time Frame, Classification,
Specialist-Generalist, Rhythm Memory, Verbal Memory, Manual Speed and Accuracy,
Reading Speed, or Writing Speed. These results are quite consistent with the results of
correlations of Spatial Relations/Theory with the other tests of The Highlands Ability
Battery. Classification again shows a somewhat stronger correlation with Spatial
Relations/Theory on The Highlands Ability Battery than on the HEL battery. HEL’s
Spatial Relations/Theory shows practically significant correlations to Concept
Organization, Tonal Memory, Pitch Discrimination, Design Memory, Observation,
Verbal Memory, Reading Comprehension, and Vocabulary. The correlations to Reading
Comprehension and Vocabulary are interesting. The common source of variance here
could well be the factor g. Scores on The Highlands Ability Battery do not show nearly
as strong a correspondence to Vocabulary. At any rate, these findings are quite
consistent, as would be expected, with the findings using The Highlands Ability Battery
and with what would be expected from the construct.
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VALIDATION STUDIES

It is clear from the data presented that there is a factor of spatial abilities that has
been well documented and that has been measured by a number of different instruments,
both paper and pencil tests and tests using apparatus. This factor shows a relationship to
other kinds of measures consistent with the construct purportedly being measured.

Employee Aptitude Survey

In 1994 The Highlands Program compared scores on selected tests of The
Highlands Ability with tests measuring comparable abilities of the Employee Aptitude
Survey(EAS) (Ruch and Ruch, 1980) The EAS is a battery of ability tests that were
developed for industrial application. They have been extensively used and validated. EAS
Test 1, Verbal Comprehension, a vocabulary test, was compared to Vocabulary on The
Highlands Ability Battery. EAS Test 5 Space Visualization was compared to The
Highlands Ability Battery, Spatial Relations/Visualization and Spatial Relations/Theory.
EAS Test 7 Verbal Reasoning, was compared to The Highlands Ability Battery, Concept
Organization. The following correlations were found:

EAS Test 5, Space Visualization

HAB Test N= r= P=
Spatial Relations/ 200 .51 <.001
Visualization
Spatial Relations/ 200 .68 <.001
Theory
Concept Organization 200 58 <.001

Clearly EAS Test 5 correlates at both statistically and practically significant levels
with Spatial Relations/Visualization and Spatial Relations/Theory. In addition, it
correlates strongly with Concept Organization, as would be predicted by the factor
structure of the construct.

EAS Test 7, Verbal Reasoning

HAB Test N= r= =
Concept Organization 200 36 <.001
Spatial Relations/ 200 45 <.001
Theory
Vocabulary 1 200 49 <.001
Vocabulary 2 200 31 .001

These results show a strong relationship between the ability being measured by
EAS Test 7 and The Highlands Ability Battery tests Spatial Relations/Visualization and
Spatial Relations/Theory. There is a strong direct correlation between the tests. In
addition, convergent and divergent correlations between EAS tests and The Highlands
Ability Battery tests are very closely similar.
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There have been numerous studies using the EAS in work applications (Ruch and
Ruch, 1980). Ruch and Ruch report over 12,000 observations using EAS Test 7. These
observations show a closely similar pattern of high and low scores as other researchers in
the field. The following table summarizes this data, showing the occupational groups
studied, their mean scores on EAS Test 7, N, and the significance of that group’s
deviation from the mean (P; Group Mean is shown in Totals, below).

Job Category Rankings on EAS 7

Job Category Mean N= P=
Dental Students 37.1 105 <.001
Design Engineer 35 626 <.001
Engineer 33.9 1625 <.001
Draftsman 33.6 188 <.001
Scientist; Mathematician 33.5 102 <.001
Project Engineer 33.5 133 <.001
Test Pilot 32.8 40 <.001
Junior Engineer 31.9 399 <.001
Electronics Technician 31.8 299 <.001
Customer Service Technician 31.6 129 <.001
Sales Engineer 31.6 210 <.001
Assistant Chemist 304 123 0.009
Freshman Engineering Students 304 948 <.001
Technical Salesman 30.1 100 0.04
Industrial Engineer 29.8 136 0.06
Top Manager 29.8 152 0.04
Middle Manager 29.7 90 0.11
Architectural Draftsman Students 29.7 _ 127 0.09
Electronic Technology Students 294 363 0.05
Machinist 28.9 105 0.37
Airplane Inspector 28.6 120 0.48
Junior Executive; Admin. Assist. 28.4 298 0.36
Manufacturing, Company-Wide 28.4 1188 0.21
Manufacturing Supervisor 28.1 296 0.16
Accountant 28.1 91 0.29
Purchasing Agent; Buyer 27.7 137 0.09
Sales Manager 273 123 0.07
Male College Students 272 630 <.001
Sales Representative 26 636 <.001
Industrial Leadman 259 184 <.001
Inside Salesman 252 92 <.001
Machine Operator 24 140 <.001
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Job Category Rankings on EAS 7 (con’t)

Job Category Mean = =
Warehouseman 23 157 <.001
General Productive Males 222 590 <.001
Female College Students 22 677 <.001
Secretary 21.2 195 <.001
Electric Truck Operator 21.1 96 <.001
Whisl Beverage Salesman 20.7 176 <.001
Electronic Assembler 20.1 104 <.001
Auto Assembly Inspector 16.4 130 <.001

Totals: 28.63 12,122

Source: Ruch and Ruch, 1980

This pattern of high and low scores is what would be predicted by the construct of
Spatial Relations. The highest scores (significantly above the mean) are scored by dental
students, engineers, scientists and mathematicians, and technicians. All of these job
categories involve either hands-on work, work with machinery, tools, three dimensional
space, and/or three-dimensional, real world objects. The middle level of jobs, those that
are not significantly different from the mean, are those that may involve Spatial Relations
Ability, or may not. It is difficult to tell just from the job category: managers, draftsman
students, technical students, inspectors, machinists, manufacturing supervisors, buyers,
accountants. (Note that the EAS Test 7 just measures the one dimension of Spatial
Relations, and that it correlates well with both Spatial Relations/Visualization and Spatial
Relations/Theory. Accountants typically score higher on Spatial Relations/Theory than
the mean, as would be expected since it is a mathematical occupation. They score lower
than the mean on Spatial Relations/Visualization, again as would be expected since
accounting is a highly ideational and abstract job, as opposed to a hands-on, real world
job. Job categories that scored significantly lower than the mean were salesmen,
warehousemen, truck operators, assemblers (electronic), and se&retaries.

Wiggly Blocks, Paper Folding: JOCRF Studies

HEL has compared Wiggly Blocks to other tests of spatial abilities in several
studies summarized below. Among the spatial ability tests used was the Vandenberg
Rotated Figures Test that Spatial Relations/Visualization is based on.

Wiggly Block Test Correlations with Other Measures of Spatial

Relations/Visualization

Test Name Sex No. of Total N Mean Source
. Corr’s. Corr.
Black Cube M 9 2303 .62 Daniel, 1975b
F 3 371 .62 Daniel, 1975b
M 4 800 .58 Kyle, 1974
Paper Folding M 1 106 .59 Daniel, 1977a
M 1 63 .67 Daniel, 1977a
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Test Name Sex No. of Total N Mean Source
Corr’s. Corr.
Triangles M 1 200 48 DeGrazia, 1963
Timed Drawing M 1 200 44 DeGrazia, 1963
Squares M | 200 53 Byrnes, 1971
Rotated Figures M 1 250 .55 Zimowski & Wothke,
1986
F 1 165 .53 Zimowski & Wothke,
1986
Source: HEL

As can be seen from these figures, Wiggly Blocks appears to correlate well with
other measures of spatial relations. The Rotated Figures test is the same test that is used
in The Highlands Ability Battery as Spatial Relations/Visualization (Vandenberg, 1971).
This correlation is consistent with the idea that both measures are tapping into the same
domain of ability described as Spatial Relations/Visualization.

HEL has carried out a large number of validation studies of Wiggly Blocks
(Daniel, 1978c¢,g,h; Zimowski and Wothke, 1986). The results of these studies undertaken
from 1942 through the late 1980’s are quite consistent with the theoretical construct of
spatial relations ability and its correlates as well as showing consistent results over a
significant span of time.
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Group Studied Total N Results
Engineers and Engineering Students 972 All groups of engineers studied score
significantly higher than general
population.
Technicians and Mechanics 127 All groups of mechanics studied score
significantly higher than general
population.
Architects 37 All architects scored in upper 50% of
population. Score significantly higher
than general population.
Physicians 77 The entire group of physicians score
significantly higher than general
population
Computer Workers 171 Significantly higher than general
population.
Machine Shop Students 109 Score significantly higher than general
population. Corr. with grades: r=.62.
Teachers (Science, Math) 103 Score significantly higher than general
population.
Sales (tangible products) 241 Score at about mean of general
population.
Sales (intangible) 218 Score significantly lower than general
population.
Bank Employees 167 Score significantly lower than general
population.
Insurance Employees (Non-Engineer) 142 Score significantly lower than general
population.
Lawyers 85 Score significantly lower than general
population.
Teachers (Non-Science) 145 Score significantly lower than general
population.
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Zimowski and Wothke (1988) studied HEL’s measures of Spatial Relations
(Structural  Visualization), Wiggly Blocks (WB; O’Connor, 1943) and Spatial
Relations/Theory (Paper Folding, PF; Ekstrom, French and Harman, 1976), to identify
non-spatial sources of variation. They compared their spatial measures to four well-
known measures of Spatial Relations: the Incomplete Open Cubes Test (I0C; Zimowski,
1985), Guilford-Zimmerman Spatial Visualization Test (GZ; Bock and Kolakowski,
1973), Raven’s Advanced Progressive Matrices (RAP; Raven, 1962), and Vandenberg’s
Rotated Figures Test (VRF; Vandenberg and Kuse, 1979) (This is Spatial
Relations/Visualization in The Highlands Ability Battery). They found the following
correlations:

Comparison of Wiggly Blocks to Qther Spatial Tests

Test 10C GZ RAP VRF WB PF
I0C -

GZ .53 -

RAP 32 44 -

VRF .55 .62 .56 -

WB .52 .52 35 .54 -

PF .53 .64 52 54 57 ---

Source: Zimowski and Wothke, 1988

Minnesota Paper Form Board

The Revised Minnesota Paper Form Board Test (MPFB; Likert and Quasha,
1970) has a long history of effective prediction in many academic and industrial fields,
particularly those with a mechanical orientation. The construct measured by this test is
one of spatial and mechanical ability. As such, we would expect it to measure
approximately the same ability being measured by Spatial Relations/Visualization and
Spatial Relations/Theory of The Highlands Ability Battery, and we would expect the
same pattern of high and low scores shown by other tests of spatial abilities, and by
Spatial Relations/Visualization and Spatial Relations/Theory.
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MPFB Research
Group N= = SD= | Var/M |P/Mean |Var/Nxt| P(next)=
(t) = {t)

Engineers/Scientists, 327 50.30 7.90 19.57 | <.001 2.22 0.01
Research

Engineering Position] 201 48.80 7.30 13.82 | <.001 0.09 0.47
Applicants

Draftsmen 64 48.70 8.40 6.75 <.001 0.09 0.46
Engineering Freshmen (M) 998 48.60 7.00 29.54 | <.001 0.00 0.50
Engineering Students 98 48.60 6.40 10.75 | <.001 0.76 0.22
IBM Engineers 334 48.00 8.20 14.04 | <.001 0.53 0.30
Aircraft Company| 494 47.70 7.80 16.92 | <.001 4.01 <.001
Applicants

Time and Motion Study| 336 45.30 8.90 7.53 <.001 0.72 0.24
Workers
Trade School Students (M) 1,011 44.90 8.70 11.55 <.001 0.24 0.41
Grade 12 Boys (New| 882 44.80 9.40 9.79 <.001 0.15 0.44
England)
Mechanical/Electrical 181 44.70 7.90 5.24 <.001 2.73 0.001
Employees
Grade 12 Girls (New| 947 42.90 9.20 421 <.001 029 0.39
England)
Grade 12 Boys (Minnesota) | 239 42.70 9.70 1.75 0.04 1.16 0.12
Grade 12 Girls (Minnesota) | 287 41.70 10.00 0.18 0.43 0.72 0.24

Production Work| 140 41.00 9.10 -0.76 0.22 0.53 0.30
Applicants
Production Clerks 409 40.50 11.10 -1.96 0.02 0.00 0.50
Chemical Company| 299 40.50 10.20 -1.83 0.03 0.54 0.29
Employees
General Tool Work| 544 40.10 10.20 -3.34 <.001 1.01 0.16
Applicants

Electrical Maintenance| 122 39.10 9.80 -2.79 | 0.001 0.16 0.43
Workers
Production Workers 135 38.90 9.60 -3.24 | <001 0.94 0.17
Manufacturing Applicants] 2,390 38.10 10.70 | -14.86 | <.001 3.02 0.001
M)
Manufacturing Applicants| 927 36.80 11.30 | -12.58 | <.001 3.89 <.001

(F)
Prison Inmates 531 34.50 10.60 -15.16 | <.001 2.03 0.02
Prison Inmates 994 33.30 11.70 21.78 | <.001

Totals/Weighted Means:| 12,890 41.59 9.65

Source: Likert and Quasha, 1970

As can be seen from these data, the MPFB appears to be measuring the same
construct as other tests of spatial relations. Men score consistently higher than women;
engineers, scientists and mathematicians score at the top of the scale; unselected
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populations generally score in the mid-range; populations that would not be expected to
deal at a skilled level with tools or spatial problems score at the bottom. One confounding
variable with MPFB can also be seen with these data. It is clear on inspecting them that
there is probably a strong correlation with intelligence. In fact, this is true. Although the
MPFB correlates at expected levels with other tests of spatial relations, it also correlates
at fairly high levels with tests of general intelligence.
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MPFB Correlations With Other Measures

Measure N= = P=
Intelligence Measures
WALIS - Full Scale 100 0.61 <.01
WALIS - Verbal 100 0.47 <.01
WAIS - Performance 100 0.62 <.01
Stanford-Binet 161 0.54 <.01
Army Group Alpha 994 0.47 <.01
Army Group Alpha 1000 0.68 <.01
Army Group Beta 1000 0.71 <.01
Wonderlic Personnel Test 201 0.18 <.01
Arther Stencil Design Test 100 0.52 <.01
Minnesota Engineering  Analogies (engineers and 327 0.25 <.01
scientists)
Minnesota Engineering Analogies (applicants) 201 0.04 /s
Numerical Measures
Personnel Tests for Industry - Numerical 216 047 <.01
83 0.55 <.01
122 0.53 <.01
178 0.38 <.01
Verbal Measures
Wide Range Vocabulary Test 201 0.1 n/s
SRA Primary Mental Abilities: Word Fluency 201 0.12 /s
Spatial Measures
Revised Beta Examination, Test 4 1000 0.62 <01
Minnesota Spatial Relations Test (literates) 334 0.61 <01
Minnesota Spatial Relations Test (illiterates) 167 0.38 <01
WALIS - Block Design 100 0.61 <.01
103 0.4 <01
28 0.67 <01
Survey of Space Relations Ability 31 0.67 <.01
Differential Aptitude Tests: Space Relations 63 0.54 <.01
Wiggly Block 103 0.31 <01
Mechanical Ability Measures
Bennet Test of Mechanical Comprehension 1037 0.35 <01
SRA Primary Mental Abilities
Reasoning 1091 0.42 <.01
Number 1091 0.185 <01
Word Fluency 1091 0.175 <01
Verbal Meaning 1091 0.31 <01
Space 1091 0.425 <.01
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Measure N= r= P=
General Aptitude Test Battery (GATB)

Computation 1091 0.24 <.01
Arithmetic Reasoning 1091 0.32 <.01
Vocabulary 1091 0.27 <.01
Tool Matching 1091 0.29 <.01
Name Comparison 1091 0.245 <.01
Form Matching 1091 0.5 <.01
Two-Dimensional Space 1091 0.7 <01
Three-Dimensional Space 1091 0.505 <.01

Source: Likert and Quasha, 1970

As can be seen from these data, the MPFB correlates at a high, significant level
with other measures of spatial ability. In addition, the MPFB correlates at high,
significant levels with other tests with which Spatial Relations/Theory and Spatial
Relations/Visualization has also been successfully compared (see discussion of Wiggly
Blocks, as well as discussion of GATB, CAB, and DAT below).

Ball Aptitude Battery

The Ball Foundation has been doing research on its Ball Aptitude Battery (BAB)
since about 1976. This battery is very similar in construction and content to HEL’s
battery of worksamples and to The Highlands Ability Battery. In particular, the construct
measured by the BAB test, Paper Folding is essentially identical to the construct
measured by The Highlands Ability Battery test, Spatial Relations/Theory. The construct
measured by the BAB test, Shape Visualization is very close to the construct measured by
The Highlands Ability Battery test Spatial Relations/Visualization. The Paper Folding
test is virtually identical to Spatial Relations/Theory in form, format and administration.
Spatial Relations/Visualization and Shape Visualization both purport to measure the
ability to manipulate mentally three-dimensional figures represented by two dimensional
drawings.

The Ball Foundation completed a study of occupations using samples of people in
specific occupational groups for Spatial Relations/Visualization (Sung and Dong, 1984).
It was found that carpenters (N=190) scored significantly higher than the mean (N=548),
along with pilots (N=19). Accountants (N=64), horticulturists (N=95), and teachers
(N=91) were not significantly different than the mean. Sales personnel (N=60), and
clerical personnel (N=29), were significantly lower than the mean. Again, this is
consistent with findings from others who have studied abilities. The more hands-on the
occupation, and the more it is tool and technology loaded, the more it loads on Spatial
Relations/Visualization. The more an occupation depends on people skills and
relationships, and the less technical it is, the less it loads on Spatial
Relations/Visualization. These findings are summarized in the table below along with
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collected occupational data from Ball Foundation testing on Spatial
Relations/Visualization:

Scores By Occupations On Spatial Relations Visualization
Ball Foundation I f
Chart shows direction of difference between mean and standardization sample mean,
as well as estimate of significance of difference.
Occupation Mean= SD= N= direction t P=
Carpenters 21.06 571 190 above 10.24 <.001
Pilots 21 7.49 19 above 2.83 0.011
Accountants 20.92 7.18 64 above 5.18 <.001
Carpenter (trainees) 20.72 6.06 347 above | 11.23 <.001
Dental Lab Technicians 20.57 6.72 60 above 4.96 <.001
Commercial Pilots 20.36 7.22 25 above 2.91 0.013
Scientific Helpers (Botany) 20.03 7.11 39 above 3.38 0.008
Wholesalers (seeds) 19.73 5.94 37 above 3.61 0.008
Horticulturists 19.6 7.38 95 above 4.40 0.004
Administrative Assistants 19.2 7.05 41 above 2.75 0.003
Agricultural Packer 19.2 6.75 41 above 2.87 0.026
Horticulturist (trainees) 19.07 7.27 245 above 5.63 0.005
Secretaries 18.89 6.53 38 above 2.57 0.044
Career Counselors 18.74 8.29 42 above 2.03 0.078
Customer Service Assistants 18.62 6.82 42 above 2.34 0.064
Maintainance Technician 18.54 7.07 37 above 2.06 0.085
Teachers 18.23 6.8 91 above 2.83 0.065
Graphic Artists 17.36 7.64 25 above 0.82 0.324
Sales 17.35 6.82 60 above 1.38 0.258
Audit Clerk 17.31 721 48 above 1.14 0.288
Office Clerks 16.89 7.39 55 above 0.78 0.400
Elementary School Teachers 16.86 6.52 66 above 0.91 0.398
Bank Teller 16.56 6.85 67 above 0.54 0.500
Cosmetic Salespeople 15.72 6.68 57 below -0.40 0.246
High School Students 15.02 7.49 932 below -3.03 0.039
Clerical 14.55 7.48 29 below -1.09 0.109
Word Processors (trainees) 12.5 6.53 38 below -3.30 0.002
Standardization Sample 16.09 7.33 837

Sources: Bizot, Dawis, & Goldman, (1993)

| Sung and Dong, (1984)

The Ball Foundation also used Spatial Relations/Theory to compare people from
different occupational groups. Spatial Relations/Theory by construct is less hands-on, less
technologically oriented, and more oriented toward space, ideas, and systems. It has a
strong relationship to mathematics. The results of this study were consistent with this |
construct. Accountants and teachers scored significantly higher than the mean. Pilots,
carpenters, horticulturists, and clerical personnel were not statistically different from the
mean. Sales personnel were significantly below the mean. The results of the Ball
Foundation studies are summarized in the table below:
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Scores By Occupations On Spatial Relations/Theory
Ball Foundation l
Chart shows direction of difference between mean and standardization sample mean,
as well as estimate of significance of difference.
Occupation Mean= SD= N= direction t P=
Accountants 15.55 3.56 64 above 9.27 <.001
Teachers 14.08 4.57 93 above 5.86 <.001
Sheet Metal Workers (trainees) 13.18 447 148 above 5.06 0.009
Pilots 13 3.16 19 above 2.51 0.057
Plumbers (trainees) 12.91 4.13 95 above 3.90 0.029
Administrative Assistants 12.83 4.8 41 above 2.21 0.014
Commercial Pilots 12.6 2.75 25 above 2.55 0.089
Career Counselors 12.31 4.16 42 above 1.78 0.176
Carpenters 12.26 441 194 above 3.14 0.130
Dental Lab Technicians 12.25 5.14 60 above 1.63 0.198
Horticulturist (trainees) 12.22 4.68 248 above 3.18 0.139
Bank Teller 12.14 5.52 67 above 145 0.235
Carpenter (trainees) 12.13 434 355 above 3.49 0.161
Agricultural Packer 12.11 4.73 44 above 1.34 0.252
Horticulturists 12 4.08 95 above 1.92 0.243
Maintainance Technician 11.87 4.98 38 above 0.90 0.351
Scientific Helpers (Botany) 11.8 4.99 40 above 0.83 0.375
Elementary School Teachers 11.74 434 66 above 1.09 0.375
Wholesalers (seeds) 11.64 3.99 39 above 0.77 0.429
Audit Clerk 11.48 4.34 50 above 0.55 0.500
Customer Service Assistants 11.29 427 45 above 0.24 0.415
Secretaries 11.08 4.68 39 below -0.07 0.340
Clerical 11.03 5.61 29 below -0.09 0.355
Sales 10.75 495 61 below -0.58 0.205
Office Clerks 10.69 4.9 55 below -0.64 0.192
Graphic Artists 10.67 4.51 30 below -0.55 0.216
High School Teachers 10.21 4.99 1028 below -3.98 0.023
Route Sales Reps 10.02 491 363 below -3.59 0.014
Cosmetic Salespeople 9.31 3.85 57 below -3.38 0.004
Word Processors (trainees) 6.9 349 88 below -10.33 <.001
Standardization Sample 11.13 4.94 837

Sources: Bizot, Dawis, & Goldman, (1993)

| Sungand Dong, (1984)

General Aptitude Test Battery

The Ball Foundation conducted a series of research projects to compare the results
obtained with the Ball Aptitude Battery with the Government Aptitude Test Battery
(GATB; U.S. Department of Labor, 1970), which has a long history of occupational
research and validity information behind it (Goldman, 1987). Using multiple regression
analysis, it was found (Dong, Sung, Goldman, and Dohm, 1986) that the BAB test, Paper
Folding (this test is called Spatial Relations/Theory on The Highlands Ability Battery),
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and the BAB test, Induction (Classification on The Highlands Ability Battery) adequately
predicted scores on the Spatial portion of the GATB (r = .74, P<.001). In addition, it was
found that both the BAB Paper Folding (Spatial Relations/Theory of The Highlands
Ability Battery) and the BAB Shape Visualization (Spatial Relations/Visualization of The
Highlands Ability Battery) correlated at adequate levels with the GATB Three
Dimensional Space test (r = .71, P<.0l, Paper Folding; r = .56, P<.01, Shape
Visualization; N=200).

Since the 1940’s, the U.S. Employment Service has conducted research (U.S.
Department of Labor, 1979a, 1980, 1982, 1983) using the GATB to assess aptitude for
over 450 specific occupations. Results of these research studies were used to develop a
system of Occupational Aptitude Patterns (OAP’s) for the 66 occupational families (U.S.
Department of Labor, 1979a, 1980) into which more than 20,000 occupations of the
Dictionary of Occupational Titles (U.S. Department of Labor, 1991) have been grouped.
OAP’s are combinations of four or fewer GATB scales found to be predictive of
performance in these occupations as determined by the U.S. Employment Services’
GATB validity research program.

Each of the job categories predicted by the construct of Spatial Relations. Spatial
Relations has consistently been shown to be related to jobs in engineering, mathematics,
technology, mechanics, and any job which involves the use of or understanding of any
kind of technology, machinery, or tools. The Highlands Ability Battery splits out two
distinct constructs: a more thing-oriented, hands-on, practical reality construct, and a
more spatial (that is, three dimensional), theoretical, idea-oriented spatial construct. It
will be noted that HEL has found virtually the same relationship to spatial ability and job
fit as the U.S. Department of Labor (see above), even though the studies used to derive
these relationships involved far fewer numbers of subjects and were often quite dated.

Differential Aptitude Battery

The Ball Foundation carried out a comparison study of the Ball Aptitude Battery
with the Differential Aptitude Battery (DAT) (Dong, Sung, Goldman, and Dohm, 1986).
The DAT (The Psychological Corporation, 1992) has been successfully used for decades
as a screening device for abilities. Spatial Ability is measured by the Space Relations
subtest of this battery. The Ball Foundation compared Space Relations to its Paper
Folding and Shape Visualization subtests. They found significant correlations with both
subtests (r = .67, P<.01, for Paper Folding; r = .50, P<.01, for Shape Visualization;
N=200).

Comprehensive Ability Battery

The Ball Foundation also compared the tests on its battery to the tests of the
Comprehensive Ability Battery (CAB; Hakstian, Cattell, and IPAT Staff, 1982). The
Paper Folding subtest of the BAB (Spatial Relations/Theory) correlated significantly with
the Spatial subtest of the CAB (r = .42, P<.001, N=198). In addition, the Shape
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Visualization subtest of the BAB (Spatial Relations/Visualization) correlated
significantly with the Spatial subtest of the CAB (r = .53, P<.001, N=198). In addition to
the measure of spatial ability, the CAB also includes a measure of mechanical ability.
Other researchers have shown the connection between spatial abilities and mechanical
abilities (see above under MPFB, Likert and Quasha, 1970; also, DAT, The
Psychological Corporation, 1992; and GATB, U.S. Department of Labor, 1970). It was
found that the spatial measures also correlate significantly with the measure of
mechanical ability (Shape Visualization, r = .54, P<.001; Paper Folding, r = .54, P<.001;
N=198).

Kit of Factor-Referenced Tests

The Kit of Factor-Referenced Tests (Ekstrom, French, and Harman, 1976) is a set
of 72 factor-referenced cognitive tests for 23 factors designed to provide research workers
with a means of identifying aptitude factors in research studies. In 1994, The Highlands
Program undertook to validate The Highlands Ability Battery by comparing the subtests
of the battery to marker tests of the Kit of Factor-Referenced Tests (Ekstrom, French, and
Harman, 1976; Holland, 1994). In accordance with recommendations of the Manual of
the Kit, two marker tests were used to compare the Kit with each test of The Highlands
Ability Battery in two separate studies. These are reported as Study 1 and Study 2 below.
Correlations between each of the marker tests and each of the other tests of The
Highlands Ability Battery are shown.

Spatial Relations/Visualization

Factor S, Spatial Orientation is defined as follows: The ability to maintain spatial
orientation with respect to objects in space (Ekstrom, et.al,1976). This is clearly a more
general definition of the construct of Spatial Relations/Visualization, the ability to
mentally rotate three dimensional objects in space. Study 1 used Test S-1, Card Rotations
Test. Study 2 used Test S-2, Cube Comparisons Test. The results are shown below:
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Comparison of S-1 to THAB Subtests (N=198)

THAB Subtest r=
Classification 32
Concept Organization 30
Design Memory 37
Generalist-Specialist -.02
Grip -.01
Idea Productivity .00
Manual Accuracy -.15
Manual Speed .09
Extrovert-Introvert -.16
Number Memory A5
Observation 31
Pitch Discrimination .08
Rhythm Memory .05
Spatial Relations/Theory .44
Spatial Relations/Visualization .52
Time Frame -.02
Tonal Memory .03
Verbal Memory .04
Visual Accuracy .08
Visual Speed .01
Vocabulary -.01
Writing Speed -.13

Note: All correlations over .13 are significant.
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Comparison of S-2 to THAB Subtests (N=136)

THAB Subtest r=
Classification .34
Concept Organization 41
Design Memory .59
Generalist-Specialist .03
Grip -.16
Idea Productivity .00
Manual Accuracy -.08
Manual Speed .08
Extrovert-Introvert .04
Number Memory .05
Observation 23
Pitch Discrimination 13
Rhythm Memory 19
Spatial Relations/Theory 53
Spatial Relations/Visualization 54
Time Frame .16
Tonal Memory 26
Verbal Memory 24
Visual Accuracy -17
Visual Speed 19
Vocabulary 27
Writing Speed .16

Note: All correlations over .14 are significant.

Two points are immediately evident from these data: the marker tests (S-1, and S-
2) correlate at very high levels with both Spatial Relations/Visualization and Spatial
Relations/Theory, and the factor relationships with other tests of The Highlands Ability
Battery for these two marker tests are identical to the factor relationships of Spatial
Relations/Visualization and Spatial Relations/Theory, as well as to the factor relationship
findings of other researchers. This study therefore provides excellent evidence of the
validity of Spatial Relations/Visualization in measuring the construct it was designed to

measure.
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Spatial Relations/Theory

Factor VZ, Visualization is defined as follows (Ekstrom, et.al., 1976): The ability
to manipulate or transform the image of spatial patterns into other arrangements.
Ekstrom, ef. al. go on to state that the visualization and spatial orientation factors are
similar, but visualization requires that the figure be mentally restructured into
components for manipulation, while the whole figure is manipulated in spatial
orientation. While Spatial Relations/Visualization requires whole-figure mental rotations,
Spatial Relations/Theory requires mental manipulation of parts of a spatial image. For
Study 1, Test VZ-1, Form Board Test was used. For Study 2, VZ-2, Paper Folding Test
was used. The results are summarized in the tables below:

Comparison of VZ-1 to THAB Subtests (N=198)

THAB Subtest r=
Classification .30
Concept Organization .39
Design Memory .53
Generalist-Specialist -.12
Grip 12
Idea Productivity -12
Manual Accuracy -.06
Manual Speed .10
Extrovert-Introvert -.00
Number Memory .13
Observation 45
Pitch Discrimination .14
Rhythm Memory .04
Spatial Relations/Theory .63
Spatial Relations/Visualization 36
Time Frame .05
Tonal Memory .05
Verbal Memory 21
Visual Accuracy 22
Visual Speed 20
Vocabulary -.03
Writing Speed -.01

Note: All correlations over .13 are significant.
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Comparison of VZ-2 to THAB Subtests (N=136)

THAB Subtest r=
Classification .38
Concept Organization 42
Design Memory .58
Generalist-Specialist .07
Grip .10
Idea Productivity 12
Manual Accuracy .04
Manual Speed .04

Extrovert-Introvert

.03

Number Memory .06
Observation .20
Pitch Discrimination .03
Rhythm Memory 32
Spatial Relations/Theory .61
Spatial Relations/Visualization 48
Time Frame 24
Tonal Memory .30
Verbal Memory .26
Visual Accuracy 18
Visual Speed .05
Vocabulary 17
Writing Speed .01

Note: All correlations over .14 are significant.

Again, two points are immediately evident from these data: the marker tests (VZ-
1, and VZ-2) correlate at very high levels with both Spatial Relations/Visualization and
Spatial Relations/Theory, with both correlating to Spatial Relations/Theory at a
considerably higher level, and the factor relationships with other tests of The Highlands
Ability Battery for these two marker tests are virtually identical to the factor relationships
of Spatial Relations/Visualization and Spatial Relations/Theory, as well as to the factor
relationship findings of other researchers. This study therefore provides excellent
evidence of the validity of Spatial Relations/Visualization in measuring the construct it
was designed to measure.
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RELATIONSHIP OF SPATIAL ABILITIES TO SATISFACTION AND SUCCESS IN
OcCcUPATIONAL FIELDS

Corollary 6 of the Theory of Abilities would lead one to expect that being in an
occupational field that matches one’s ability pattern would lead the person to be more
successful in that field and also more satisfied with that field. Conversely, if a person
were in an occupational field that did not match one’s ability pattern, this should lead the
person to be less successful in that field, and less satisfied with it.

In 1994-1995, The Highlands Program carried out a research program with
subjects who were participants in The Highlands Program’s testing and workshops. The
Highlands Program gathered occupational, income, and satisfaction data on an unselected
sample of its clients (N=611). The Highlands Program is a private educational career and
life planning service, and The Highlands Ability Battery forms the first part of the
program for all of its clients. The sample was derived from regular clients of The
Highlands Program in its offices in Atlanta, Georgia, and Washington, D.C., for whom
occupational data could be collected (a high percentage of those in high school and
college had never worked). The age range was 16 to 62; median age was 37; modal age
was 46; and mean age was 37.7. The sample consisted of 234 males and 377 females. The
following information on the highest degree earned was obtained for this sample:
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Highest Degree Earned - Sample (N=611)

Degree N=

H.S. or Less 121
Associate 28

Bachelor (B.A. or B.S.) 259

Masters (M.A. or M.S.) 124
Doctorate (Ph.D.) 29
M.B.A. 22

Law 25
Medicine/Dentistry 1

This sample reported the following information on ethnic background:
Ethnic Background - Sample (N=611)

Ethnic Background N=
Afro-American 84
European/Caucasian 497
Asian-American 8
Hispanic 7
Native American 10

The average time in the present career field for the entire sample was 6.14 years.

Using information from the U.S. Department of Labor (1970, 1979a,b, 1980,
1991) on the ability requirements for different Occupational Aptitude Patterns (OAP’s),
31 OAP’s identified by the Department of Labor were divided for Spatial
Relations/Visualization into those for which an ability was considered useful and/or
necessary. In addition a further division was made for Spatial Relations/Visualization for
those occupations for which Spatial Relations/Visualization may be a counter-indicator
for success and/or satisfaction. The last grouping of occupations was for those
occupations for which the ability should not affect job role performance either way. We
could then compare each subject’s actual ability score with both reported income range
(success) and with reported satisfaction in the occupational work role, separating those
who were in work roles for which the ability was particularly meaningful (High), for
which the ability was negatively meaningful (Low), and for which the ability had no
relevance (Neutral). We would expect the correlation between the ability and success and
satisfaction to be quite strong in the High group, low or negative in the Low group, and
somewhere in the middle for the Neutral group.
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Spatial Relations/Visualization

The following tables summarize OAP groupings for occupational categories that
require high and low Spatial Relations/Visualization as well as those categories for which
Spatial Relations, either high or low, does not have any particular relevance. Notice that
this listing is a very close match for the occupational data gathered on abilities reported
above.

High Spatial Relations/Visualization

OAP Code Pattern Description
1.06 Craft Arts
2.03 Medical Sciences
2.04 Laboratory Technology
3.04 Elemental Work (Plants)
4.02 Security Services
5.01 Engineering
5.03 Engineering Technology
5.11 Elemental Work
8.01 Sales Technology
10.02 Nursing/Therapy

Low Spatial Relations/Visualization

OAP Code Pattern Description
1.01 Literary Arts
1.02 Visual Arts
1.04 Performing Arts (Music)
4.01 Law Enforcement
7.04 Oral Communication
8.02 General Sales
9.01 Hospitality Services
11.03 Social Research
11.04 Law
11.07 Services Administration
11.09 Promotion
11.11 Business Management
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Neutral Spatial Relations/Visualization

OAP Code Pattern Description
7.07 Clerical Handling
10.01 Social Services
10.03 Child/Adult Care
11.01 Mathematics/Statistics
11.02 Educational Services
11.05 Business Administration
11.06 Finance
11.08 Communications
11.10 Regulations Enforcement

Mean scores on Spatial Relations/Visualization were as follows for the three
occupational groupings:

Spatial Relations/Visualization
Direction and significance of difference between means
of Whole Group (WG), High, Low, and Neutral loading groups.
Group Mean SD N=
WG 41.71 24.36 611
Group 1 (High) 53.24 27.18 41
Group 2 (Neutral) 40.60 22.76 242
Group 3 (Low) 41.10 24.84 328
Difference Between: Direction t= P=
WG/High Group 1 (High) -2.65 0.008
WG/Neutral WG 0.63 0.526
WG/Low WG 0.36 0.715
High/Neutral Group 1 (High) 2.82 0.005
High/Low Group 1 (High) 2.72 0.007
Neutral/Low Group 3 (Low) -0.25 0.802

As can be seen from these data, the High group was significantly higher than
either the Neutral or Low groups. This finding lends credence to the notion that the High
occupational group is indeed selecting individuals who are high in Spatial
Relations/Visualization. These differences are even more pronounced when success and
satisfaction are considered.

Clients’ actual scores on Spatial Relations/Visualization were compared to their
reported satisfaction with their current jobs, and to their reported income range. Clients
reported their current job satisfaction on a scale of 1-10, and reported their current income
range on a scale of 1-15. Mean reported satisfaction was 5.03; mean reported income
group was 6.43.
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For the total group, Spatial Relations/Visualization correlated to satisfaction in
current job at r=.17. This was statistically significant, but not practically significant
(P<.001). Spatial Relations/Visualization compared to reported income at about the same
level (r=.12; P=.003). When the whole group was split into three different groups
according to the Occupational Ability Pattern grouping for Spatial
Relations/Visualization above, the following correlations were obtained:

Spatial Relations/Visualization |
Spatial Relations/Visualization compared to Income and Job
Satisfaction for occupations with high, low, and neutral loadings.
= P=
Total Group (N=611)
vs Income 0.12 0.003
vs Job Satisfaction 0.17 <.001
Group 1 (High Loading, N=41)
vs Income 0.71 <001
vs Job Satisfaction 0.73 <.001
Group 2 (Neutral Loading, N=242)
vs Income 0.29 <.001
vs Job Satisfaction 0.33 <.001
Group 3 (Low Loading, N=328)
vs Income -0.07 0.181
vs Job Satisfaction -0.07 0.198

As can be seen from these data, the correlations between Spatial
Relations/Visualization and satisfaction and income change dramatically depending on
which group is considered. In the group in jobs for which Spatial Relations/Visualization
is considered useful, Spatial Relations/Visualization correlates r=.73 with satisfaction,
and r=.71 with income. Spatial Relations/Visualization accounts for over 52% of the
variance in reported satisfaction, and over 50% in income. In the jobs with neutral
loadings for Spatial Relations/Visualization, the correlations between Spatial
Relations/Visualization and income was statistically significant, but not practically
significant. The correlation with satisfaction was practically significant, but not nearly as
large as in the High group. In those jobs for which low Spatial Relations/Visualization is
considered more advantageous than higher Spatial Relations/Visualization, the
correlations between Spatial Relations/Visualization and income and satisfaction are
quite low, and not distinguishable from zero statistically.

This highly significant finding forms powerful evidence for the validity of Spatial
Relations/Visualization in predicting satisfaction and success in those jobs and job roles
for which it is a significant factor.
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Spatial Relations/Theory

The following tables summarize OAP groupings for occupational categories that
require high and low Spatial Relations/Theory as well as those categories for which
Spatial Relations/Theory, either high or low, does not have any particular relevance.
Notice that this listing is a very close match for the occupational data gathered on abilities
reported above.

High Spatial Relations/Theory

OAP Code Pattern Description
1.06 Craft Arts
2.03 Medical Sciences
2.04 Laboratory Technology
4.02 Security Services
5.01 Engineering
5.03 Engineering Technology
8.01 Sales Technology
10.02 Nursing/Therapy
11.01 Mathematics/Statistics
11.06 Finance
11.10 Regulations Enforcement

Low Spatial Relations/Theory

OAP Code Pattern Description
1.01 Literary Arts
1.02 Visual Arts
8.02 General Sales
9.01 Hospitality Services
10.01 Social Services
11.03 Social Research
11.04 Law
11.05 Business Administration
11.08 Communications
11.11 Business Management
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Neutral Spatial Relations/Theory

OAP Code Pattern Description
1.04 Performing Arts (Music)
3.04 Elemental Work (Plants)
4.01 Law Enforcement
5.11 Elemental Work
7.04 Oral Communication
7.07 Clerical Handling
10.03 Child/Adult Care
11.02 Educational Services
11.07 Services Administration
11.09 Promotion

These groupings of high, neutral and low loadings of Spatial Relations/Theory are
virtually identical to the groupings for Spatial Relations/Visualization. The only
differences are that Elemental Work, while highly loaded for Spatial
Relations/Visualization, are neutrally loaded for Spatial Relations/Theory. In addition,
Mathematics/Statistics, Finance, and Regulations Enforcement are highly loaded on
Spatial Relations/Theory instead of being neutrally loaded as with Spatial
Relations/Visualization.

In the same study reported above, clients of The Highlands Program’s actual
scores on Spatial Relations/Theory were compared to their reported satisfaction with their
current jobs, and to their reported income range. Clients reported their current job
satisfaction on a scale of 1-10, and reported their current income range on a scale of 1-15.
Mean reported satisfaction was 5.03; mean reported income group was 6.43 The
following means for the three groups (high, neutral, low), and the following differences
between the means of these three groups and the whole group were obtained:
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Spatial Relations/Theory |
Direction and significance of difference between means
of Whole Group (WG), High, Low, and Neutral loading groups.
Group Mean SD N=
WG 48.59 30.16 611
Group 1 (High) 57.91 32.56 97
Group 2 (Neutral) 45.04 29.93 129
Group 3 (Low) 47.43 29.22 385
Difference Between: Direction t= P=
WG/High Group 1 (High) -2.64 0.008
WG/Neutral WG 1.22 0.222
WG/Low WG 0.60 0.548
High/Neutral Group 1 (High) 3.04 0.003
High/Low Group 1 (High) 2.89 0.004
Neutral/Low Group 3 (Low) -0.79 0.429

As can be seen from these data, the High group is statistically different from the
Whole Group, and from the Neutral and Low group in mean score on Spatial
Relations/Theory. The Neutral and Low groups are not statistically different from each
other, nor are they statistically different from the Whole Group.

For the total group, Spatial Relations/Theory correlated to satisfaction in current
Job at r=.31. This was a statistically significant (P<.001) and practically significant result.
Spatial Relations/Visualization compared to reported income at r=.21 (P<.001). This was
statistically significant, but not large enough to be practically significant. When the whole
group was split into three different groups according to the Occupational Ability Pattern
grouping for Spatial Relations/Theory above, the following correlations were obtained:

Spatial Relations/Theory | |
Spatial Relations/Theory compared to Income and Job Satisfaction
for occupations with high, low, and neutral loadings.
= P=
Total Group (N=611)
vs Income 0.22 <001
vs Job Satisfaction 0.31 <001
Group 1 (High Loading, N=97)
vs Income 0.84 <.001
vs Job Satisfaction 0.87 <.001
Group 2 (Neutral Loading, N=129)
vs Income 0.10 0.257
vs Job Satisfaction 0.29 <001
Group 3 (Low Loading, N=385)
vs Income 0.08 0.118
vs Job Satisfaction 0.12 0.018
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As can be seen from these data, the correlations between Spatial Relations/Theory
and satisfaction and income change dramatically depending on which group is
considered. In the group in jobs for which Spatial Relations/Theory is considered useful,
Spatial Relations/Theory correlates r=.87 with satisfaction, and r=.84 with income. For
this group Spatial Relations/Theory accounts for over 75% of the variance in reported
satisfaction, and over 70% in income. In the jobs with neutral loadings for Spatial
Relations/Theory, the correlations between Spatial Relations/Theory and income was not
statistically or practically significant. The correlation with satisfaction was statistically
significant, but not practically significant. In those jobs for which low Spatial
Relations/Theory is considered more advantageous than higher Spatial Relations/Theory,
the correlations between Spatial Relations/Theory and income and satisfaction are quite
low, and not distinguishable from zero statistically.

This highly significant finding forms powerful evidence for the validity of Spatial
Relations/Theory in predicting satisfaction and success in those jobs and job roles for
which it is a significant factor.
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