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FOREWORD \ 
\ 

The -Eighth Annual Conference of the Military Testing 
«rt-tfte tfãultegan Irm.'.Vaukegan, Illinois, 

h£? oSSU?66* The Naval E«»ln^K Center ias the 

hv fh. ^Lr1", ;uPeJD- the conference was character!: 
attitude ' rr3Pealters and the cooperative 
"On-eölne Su»»ñ rV?6,?6"6 of the inference was 
theme to^the sre»E^x.If- epp1/ the words of the 
thllr íorkhmns? hï I themset^ei, we honestly state that 
tneir work must be appraised as superlative. 

standar<3s of the conference were set in the 
Officii rnma£kSw C?p£aln V> J> SobPlle, DSN, Commanding 
the1 groin”" ^"iÜÍÍcÍm lnlng Centert Great Lakes welcomed ..X erouP» ihe invocation was proviaed bv Cantai n n v 
McComas, CHC USD. Captain R. S. Hayll fe^cimSaniln; 
Officer, Naval Examining Center welcomed the group. Colonel 
ÊZlMonD°cae?ey’ Ü£A' Commanding Officer, EnïSid 

ceiîer’ ior? Harrison spoke of the work 
accomplished there during the year and of their future 
accomplishments. Colonel J. H. Ritter, USAF, Commanding 
Officer, Personnel Research Laboratory, Lackland AFB Texas 
contributed an inspirational message fir the group Candín 
S* ï* MUpäti» USCG Commanding Officer, USCG Training Center* 
Groton. Conn., using an analogy based on dead reckoning ’ 

Guard!ted the C0UrSe °f fUtUre testlne in the U.S. Coast 

g_ J¡.l: Harry ^eer, jr, Captain, USN Ret., former coramand- 
thf MÍííf6r °i Naval Examining Center and founder of 
the Military Testing Association, was introduced bv his 
former shipmate, Captain R. M. Hayes, USN. His keynote 
address truly set the policy for an interesting conference. 

11*Hn2 ínSÍ1?!?6 *cknowledgraent in this foreword would mean 
i¿®eÍneTÍndl‘iduallygevery narae lncl-uded in these proceed¬ 
ings. If space permitted, it would be desirable to do so 
but a grateful ':Thank You" is extended each of these 
hard-working individuals. 

inth^e^pr:ír?híS:^fXotts:re^yek?r^fto 
U?S?°A™™Se?vlces!Clal ^ ln repreSent6tl'-’e ^ the 
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MILIîÂ5LTESTING association conference 
THEME: ON-OOING HUMAN APPRAISAL 

CONFERENCE CHAIRMEN: 

CONFERENCE COORDINATOR: 
PRESIDENT MTA 1966: 
HOST ORGANIZATION: 
PLACE: 
TIME: 

COMMANDER R. J. GRAY, 
C. S. WINIEWICZ, 
C. J. MAC ALU SO 
JOHN W. CREDIFORD 
CAPTAIN R. M. HAYES, U. 
NAVAL EXAMINING CENTER 
WAUKEGAN INN, WAUKEGAN, 
19 - 22 SEPTEMBER 1966 

S. NAVY 

ILLINOIS 

MONDAY - 19 SEPTEMBER 1966 

0800-1700 
1300-1700 
1700- 

Army Meetings 
Registration - Waukegan Inn 
Cocktail Party and Buffet at 
the Great Lakes Commissioned 
Officer's Club 

TUESDAY - 20 SEPTEMBER 1966 

0900-0905 

0905-0915 

0915-1000 

1000-1030 
1030-1200 

1200-1315 
1315-1345 

1345-1405 

Invocation - 
CAPTAIN ROBERT F. McCOMAS, 
CHC, U, S, Navy 
Welcoming Address - 
CAPTAIN R. M. HAYES, 
Commanding Officer, 
Naval Examining Center 
Introduction of Special Guests - 
C. S. WINIEWICZ, 
J. W. CREDIFORD, 
C. J. MACALUSO, 
Naval Examining Center 
COFFEE BREAK - OPEN DISCUSSION 
Keynote Address - State of the Art 
Evaluation in Planning: 
A Recommended Process for 
Military Planners - 
CAPTAIN HARRY H. GREER, 
U, S, Navy (ret) 
LUNCH 

Outlook - 
CASIMER S. WINIEWICZ, 
Naval Examining Center 
Commentary - Applications of the 
Computer in Enlisted CiassifIcatio 
EDMUND THOMAS, snicatio 

U. S, Nave1 Personnel Research 
Activity, San Diego, California 

iv 



TUESDAY - 20 SEPTEMBER 1966 (continued) 

1405-1425 

1425-1445 

1445-1515 

1515-1530 
1530-1715 

1535 

1555 

1615 

Commentary - Assessing Human 
Capabilities through Equipment 
Oriented Teats - 
DR. LEONA EGAN, 
Personnel Program Support Activity. 
Washlngton, D. C. 
Ultimate Use of Computers in 
Test Interpretation - 
GLEN ANDERSON, 
National Computer Systems, 
Minneapolis, Minnesota 
Computer Diagnostic Profiles 
Derived from the MMPI - 
DR. JOHN PEARSON, 

S&rKM&t Roch«‘*r* 
Presentation of Papers - 
Chairman: ROBERT L. GUY, 
Naval Examining Center 

A Questionnaire to Improve 
a Testing Program - 
J. E. PARTINGTON, U. S. Army 

The Position of Army MOS 
Proficiency Testing in an 
Operation's Research Context - 
DR. RAYMOND 0. WALDKOETTER, 
U. S. Army 

Application and Utilization of 
Cutoff Scoring Procedures - 
DALE R. BAKER, 
U, S, Army 

1635 Army Experience with Field 
Scoring of Performance Tests - 
CHARLES D. ROBERTS, U. S. Army 

1655 An Approach to the Measurement 
of Supervisory Skills - 
WILLIAM W. WANCE, U. S. Army 

1715- FREE EVENING 

WEDNESDAY - 21 SEPTEMBER 1966 

0900-1000 Abstract of Presentation - 
DR. CHARLES A. POUNIAN, 
Personnel Officer, Chicago 
Civil Service Commission 

1000-1030 COFFEE BREAK - OPEN DISCUSSION 
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WEDNESDAY - 21 SEPTEMBER 1966 (continued) 

1030-1200 

1200-1315 
1315-1430 

1430-1445 
1445-1700 

1450 

1510 

1530 

1550 

1610 

1630 

1650 

1700-1900 
1900-2000 

The DDC Mission and Services - 
LT COLONEL VOYA N. SKAKICH, 
DCS, Cameron Station, 
Alexandria, Virginia 
LUNCH 
Systems Analysis Applied to 
Personnel Research - 
DR. J. M. KEENAN, 
Stanford Research Institute, 
Menlo Park, California 
COFFEE BREAK 
Presentation of Papers - 
Chairman: VERNON H. BEGGS, 
Naval Examining Center 

A Rapid Solution for Multiple 
R and Beta Weights with Checks - 
JOHN S. BRAND, U. S. Army 

A Note Concerning Correlations 
with Weighted Composites - 
JOHN S. BRAND, U. S. Army 

Cross Validation Study of MOS 23G40 
(Hercules Fire Control Mechanic) 
PAUL P. FOLEY, U. S. Army 

Measuring Troubleshooting 
Skills of Maintenance Personnel 
by Paper and Pencil Tests - 
JOHN L. FINUCANE, U. S. Army 

Current Trends in Bandsman 
Performance Tests - 
ANTHONY STRIGARI, U. S. Army 

Do Schematics Help? - 
FRED B. HONN, U. S. Army 

Intra-individual Varlanceyas an 
Appraisal Technique - 
CLAUDE BRIDGES, U. S. Army 

FREE TIME 
Banquet - 
Toastmaster: HERMAS R. GAGNON, 
Naval Examining Center 
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WEDNESDAY - 21 SEPTEMBER 1966 (continued) 

2000* Banquet Speaker - 
"Tribulations of Testing** - 
DR. PHILIP ASH, 
Research Assistant to Vice President, 
Inland Steel Company, 
Chicago, Illinois 

THURSDAY - 22 SEPTEMBER 1966 

0900-1000 

1000-1030 
1030-1200 

1200-1210 
1210- 

Psychologlcal Assessment of 
Executive Personnel - 
DR. IVO MERSMANN, 
United Airlines 
COFFEE BREAK - OPEN DISCUSSION 
Human Engineering Methods of 
Appraisal - 
DR. ROBERT L. MALONE, 
Fry Consultants, Inc., 
Chlcaeo, Illinois 
Steering Committee Report 
Closing Remarks 
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KEYNOTE ADDRESS: EVALUATION IN PLANNING: 
A RECOMMENDED PROCESS FOR MILITARY PLANNERS 

Captain Harry H. Greer, jr. USN (RET.) 

Dr. Greer briefly reviewed the "state of the art" 
as he found It upon reporting to the U.S. Naval Examining 
Center In December 1958. He gave as one reason for found¬ 
ing the MTA as a me hanlsm for material benefit and profit 
through regular professional exchange. He went on to note 
the recent strides in military testing particularly since 
the introduction of the digital computer to scoring and 
analysis. It was pointed out that the future may lee more 
emphasis on interest and personality Instruments although 
there has been some criticism of these forms of tests. The 
Impact of new technology was surveyed noting, among other 
things, the ability of a computer to randomize It^m selection 
and the use of terminals In test administration. In con¬ 
clusion Dr. Greer discussed the future of testing. 
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NEC BACKGROUND AND OUTLOOK 

Casitner S, Wlnlewicz 
Naval Examining Center, Great Lakes, Illinois 

INTRODUCTION; 

February 1959 world-wide Navy Advancement 
íí0n aJ*»lnl9t«tion period, 778 subjects, representing 
the/îîlre ®P«^tru,n of GCT (general intelligence) 8 
a2d. h5fe different levels of achievement, were first 
!d t0 th# P°rt«-punch card as a method of taking ob- 
type Since then, additional backup 

studies composed of approximately 3,000 subjects and different 
configurations of EDPM and EAM equipment finally culminated 

th. SSnîhîlî 0tA the fr,dl;10*“1 testing approach and 
the punched hole card was introduced to the entire U. S. Navy. 

f!\.Au5U9t 1959 almol8t a 9u«rter-miilion candidates qualified 
nn^!C^VÄnCSment t00k t5elr comPetltive examinations on the 
Kï! r,ïï?Ch answer carí* Since the inltlal introduction of 
their fard¿ ®«Yeral ^111100 examinees have taken cneir examinations in this form to date. 

The substitution of the card for the traditional marked 
sense answer sheet required no additional time on the part 
ot the examinee and created perhaps the largest Source Data 

¡UhiShÍÍ°So?wSrÍH ÎS thl '"V'L Every Navy examlne® i® now a highly motivated »Key Punch Operator", because of addition- 
ÍÍHmKney and advancement being dependent upon his responses, 
ÕSf*bPríU!! ï® clealea dlr®ct lnPut to the Examining Centers 
the world6881"8 System " wherever he is located throughout 

BACKGROUND 

During a typical year approximately 1700 different ex- 

skiïlsland îîîiÎeVe °Ced í°.reflec,; the scores of technical 
skills and fields of knowledge required in today's Navy. Thev 
are administered annually in February and August under com- 

?i;ïeÎr,COnîroliïd condltlona* entails shipping and 
for thr^e-qy^rt^rg gf à million examinations, as 

The opinions and assertions expressed in this paper are those 

fiJMn!UÏK0r înd ar| n?C 5° be con8tru®<l as official or re¬ 
flecting the views of the Navy Department or Naval Service 
at Large. 

^Results of which were presented by C. S. Winiewicz and 

r;n«:nM^l^0cate.thî ^^Psychologies 1 Association 
Convention on September 7, 1959 at Cincinnati, Ohio. 



well as orocesstnç their results and promulgating the Inform¬ 
ation hack to the examinees. 

In order for a candidate to advance In rate (occupation), 
he must be qualified in ail respects, recommended by his Com¬ 
manding Officer and successfully comoete on a service-wide 
advancement examination. Each examination Is weiehted to 
determine the number of Items which are to be Included for 
each subject matter area breakdown under the applicable job 
level for that rate. Each Instrument Is composed of two major 
parts: professional which pertains to the specific job area 
(usually l?0 - 4 ootion multiple-choice items) and the military 
(usually 30-4 ootion multiple-choice items). Because of 
the lack of rigidly standardized examinations (as contrasted 
with commercial instruments) and the fact that each examin¬ 
ation is utilized only once on a given population to preclude 
comoromise or collusion, and also to maintain the flexibility 
of the instrument to reflect current technological changes, 
some control factor is required to tie the test into previous 
test results to insure comparable standards. Pre-testing is 
not feasible because of the magnitude of the overall program 
and the relatively tight scheduling required in the continual 
development and processing of all examinations. 

The control factor that is utilized to tie in present 
examinations with previous results is to control the design 
of each new examination by including 507. of the items previ¬ 
ously used with known statistical characteristics obtained 
through item analysis, and a constant check of separate peri¬ 
odic research studies on the examinee oopulation. The remain¬ 
ing 50X of the items are newly developed for use in the cur¬ 
rent examination. Consequent!'» through a rigid control of 
item and statistical analyses and related special studies, 
the test instrument assumes greater standardization and con¬ 
trol than some of our so called standardized commercial 
instruments on the market today. 

In determining an equitable cut-off score for each of 
the 1700 different examination populations that will dichoto¬ 
mize our groups into pass - fail categories and still main¬ 
tain comparability between different examinations and exam¬ 
ining periods, a multitude of factors must be taken into con¬ 
sideration, such as needs of the service at large, budgetary 
problems, and above all the qualifications and oerformance 
of each candidate. The raw scores are converted to standard 
scores (via linear and non-linear transmutations) with a 
range from 70 - BO, with a mean of 50 and a siema of 10 
This scale coincides with t scores and takes advantage of 
all the properties of the normal curve. 

Final advancement, assuming the candidates have ful¬ 
filled all the necessary prerequisite requirements and have 

3 



oÜeÂÍfeíLü ÎÜÎÎÎ28 5COrej?n the is detenrined by 
one of two methods depending upon the criticality of the 

unJer4cooperation. First if the candidate hap- 
PÎSÎ. ln Î? occupation whose skills are in demand 

v*c*ncies available than qualified personnel to fill 
them), the examination passing score qualifies the candidate 
for advancement. However, if the candidate competes in an 

Wh?re t!t? omber of vacancies are small (more quali- 
ÍÍM«Per?°?uel avaiJab}e than existing vacancies), final sel- 
ection of those authorized to be advanced is made on the 

w ftf°ÎKreiÂîiVe4 8tÄ2?1‘n8r0n a final composite score consist- 
¿ÏÎ»«. h?ií i10?1"8 fiVe„faCt0r?i flon5 with their maximum 
(20? n/ÎLleï«°?R;nCf^îCt:?î:N<50)» (?) Len8th of Service 

Tî®e (4) Number of Awards (10), and 
(^Examination brade (80), giving a maximum composite score 

fI51!^Sy,tero p5ovid®8 an equitable opportunity to com- 
oete for advancement, under completely controlled test con- 

of ÎÎ ;un,bef fothorized advancements regardless 
CvÍ4that an lndlvldual may be stationed throughout 

the world, his present duty assignment, or the vacancies or 
surpluses that exist in the local commands. The Navy main- 

iniinaPÎÎÏXimîtÎky 320J activities (ships or stations) located 
j?fa* ■ oarts the world, and classifies men into over 65 

offíbilityOCCUDa nal SkillS divided int0 6 different levels 

?fj?ny tfstinR system, however, rests on the 
eliability and validity of the instruments employed and in 

this case how well they will identify the individuals in re- 

SînÜer %*lforxnin* theJr ««signed duties in a satisfactory 
is eîor#««ed ^S!*i,?fi|St?tl8tical analysis this criterion 

P di ? ? e k.lnd of 8Core #uch a8 school grade, pro- 
íí«íe2íy 22 ^2? tbrou8b £*ting or some other measurable indi- 

lmP°r1tance °f « criterion is 
Sífeníl ?eporth5 followin* <ïuotation from a Secretary of 

tion "TÜ!,kf22?Ä,na2tÄl ba;ls of a11 selection and classifica- 
l? the ®®t«blishment of ade- 

SÏÎMifiÎîîïiî’«/1 h0U sVchucrit®ria the selection and 
ÍvÍÍiiÍm^ÍÍÍJÍÍ peraonnelf however refined the methods of 
ÎHîiiîîî1 become, are meaningless. The establishment of 

criteria presumes, first, that the personnel require- 

oulrid f«rkr°!!2;i.40ff®n îhlS 18 8tated ln h®”18 of numbers re- quired for a particular duty or job; i.e., radar maintenance 
aj.J2ll°tfft tenk operators, etc. These remiirZ. 

«fe£?íL°f W2rki2* Gr°“p on Human Behavior Under Conditions 

HBM 200/UV195rlCe’ 0fflCe °f thC Secretary of Defense, 



ments are almost never stated as they should be In terms of 
the kinds of traits, capacities, skills, and personalities 
essential to the job.” 

Validity coefficients for Navy advancement examinations 
against the criterion of on-the-job performance measures, 
obtained by supervisory ratings, fall between the average to 
high range for coefficients of this type. Sixty per cent of 
these validities range from r = .20 to r = .70; values which 
attest to the validity of these examinations when one con¬ 
siders the nature of the criterion and the fact that testing 
personnel have experienced that correlations between test 
scores and ultimate external criteria rarely extend beyond 
.40, and are generally concentrated in the .20 to .30 range. 
(See Validity Exchange Information, Personnel Ps/chology). 

It is the function of the U. S. Naval Examining Center 
within this framework to; construct examinations, ship and 
receive them back for processing, account for every examination 
used or unused, evaluate statistically all examinations, 
maintain the integrity of the examining system, select the 
most qualified candidates for advancement, and finally to 
continually strive to imorove the entire system. 

EFFECTS OF CHANGE TO DATE 

1. Complete flexibility and freedom for expansion. The ori¬ 
ginal change to the punch card was associated with a medium 
size digital electronic computer (IBM 650). The 650 was 
replaced by an IBM 1401 solid state card computer which 
in turn has given wav to an UNIVAC 418 tape system, which 
shortly will be interfaced with an NCS optical scanner. 

7. The advancement examination for pay-grades E-4 and E-5 
have been based upon professional requirements alone, 
so that broader coverage of the basic qualifications are 
covered. The military portion has been made into a sep¬ 
arate 100 item examination that will be administered on a 
quarterly basis beginning in January, 1967. 

3. Previous manual operations such as ordering of examinations, 
shipping procedures and accountability are now part of 
the computer system. 

4. Greater control has materialized through a more uniform 
and standardized system, enabling the center to become 
an integral part of the overall Navy Manpower System. 

5. Additional programs such as: administration of.college 
board examinations for the NESEP program, officer selec¬ 
tion (LDO-INT), Warrant and Reserve Warrant, Defense 

5 



Officer Retention Examination, Aptitude and Foreign Lan¬ 
guage Proficiency Examinations, and other special officer 
and scnool selection programs have been incorporated into 
the system. r 

6. Profile analysis and feed back information to examinees 
on their strong and weak points on the different areas of 
he examination and the final multipjLC advancement inform¬ 

ation have been provided the candidates. 

7. Additional research studies on the examinee population, 
service schools, the test instrument, and more basic ex¬ 
ploratory pure theoretical approaches. 

8. Greater emphasis on a more sophisticated statistical 
approach to evaluating the examinations and their analysis 
of items.J No longer are short cut estimates based on 
other estimates obtained from tables the most expedient 
method to analyse test instruments and their items. 

9. Minor changes may be quickly incorporated into the system 
without disruntion of present operations. 

ANTICIPATED FUTURE CHANGES 

1. Like all other services NEC will have a greater percent¬ 
age of civilian personnel due to the civilian conversion 
program. 

2. NEC will become an integral part of Project Compass for the 
Great Lakes area by the computer assistance provided in the 
classification area. 

3. Some special school and officer selection programs will be 
converted from punch cards to answer sheets so that the 
capability of the optical scanning device may be employed 
After a series of experimental and feasibility studies 
are completed,thought will then be centered upon placing 
the entire naval advancement program on the optical scan¬ 
ner. 

4. The elimination of manual categorizing of item parameters 
by Educational Specialists and effects of up or down 
grading will become a function of automatic computer out¬ 
put . 

5. Elimination of item bank files by placing the items olus 
.their related statistical and occupational codes fr»rP 

Winiewicz, C. S., NEC RESEARCH NOTE 60-1 Statistical and Iterr 
Analysis Procedures. lzen 
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selection on "magnacards" for items and "magnavue" cards 
for illustrations. They would be placed in machine 
storage and selected out according to a programmed key based 
on the needs of the examination under construction. 

6. Complete control of the entire system by the continual 
updating of a master tape containing all pertinent inform¬ 
ation on all candidates in the entire U. S. Navy. This 
procedure will eliminate the preparation of various docu¬ 
ments that were previously necessary and will make long 
and short range prediction on personnel matters with a 
great degree of accuracy. 

7* Finally, card handling and the intervention of human 
operators will be held to a minimum with a corresponding 
decrease in possible errors. 

CONCLUSION 

The present system has met with wide acceptance from 
all candidates who have particioated in taking the various 
navy examinations. This does not imply that ours is the only 
approach, but that it is a systtm pioneered by the Navy and 
found to be more successful than we originally hoped. 

With the advent of optical scanning and document reading 
devices^it is possible that some aspects of the punch-card 
approach will become obsolescent, however NEC by that time 
should have enough empirical and experimental evidence to make 
a smooth transition into these new frontiers. 

In conclusion, with the rapid technological changes in 
both EAM and EDPM equipment, the speed with which data can 
be treated and analyzed is only restricted by the ability of 
man to imagine and hypothesize. 
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APPLICATIONS OF THF. COMPUTER 
IN ENLISTED CLASSIFICATION 

Edmund D. Thomas 
U. S. Naval Personnel Research Activity, 

San Diego, California 

îh în th? area of Personnel selection and 
fi?hnJ‘Îiîîtl‘0îî 18 beco,nl-ng Increasingly important as more 
technically advanced equipment continues to be introduced 

ho Unlike the early sailor, who might 

nffr«n1Íed a . ^Jk"of“all"trades»'' today's enlisted man is 
often a specialist who is responsible for one or more 

^nipment. Thus, accurate determination 
of the right" job for each man is important, not only 
to maximize his value to the Navy, but to increase his 

8ucJes® ytthin the assignment—a real problem 
tor those involved in selection research, 

8e*?ct*?n *n *s not a particularly 
difficult problem in the Navy, Using our present tests, 
consisting of the five Basic Battery Tests and four 
special tests, and having an available pool of over 120 000 

eaM rar> lt'v falrly 8craIghtforward6task to ° 
Yhfch "“a can best profit from additional voca- 

íkí lrtrala n?* A Inucb "»fe complex and real problem is 
!SSl8nl!?? 3 wlth sufflclent scholastic aptitude 

to one of more than 70 possible Navy basic schools in 

fn?nJîcW?y ïïatMhls chan^es for success and ultimate use¬ 
fulness to the Navy can be realized. Our efforts to 
improve classification can not only provide more and 
higher caliber basic school graduates, but also can reduce 
the number of school failures with attendant costs in 
training time and facilities and in lowered morale. 

Until a few years ago our research in the area of 
personnel classification was oriented primarily toward the 
development evaluation, and revision of selection and 
classification tests. Among our recent accomplishments 

ÍIf*íIlLCÍn*t:rUÍÍl0ST?f Fortn 7 of the Baslc T®8t Battery, 
rrretT?^ t0 as the BTB; continued monitoring of the 
effectiveness of BTB within each of the Navy's basic srhnnic 
developing end validating a vocational Inhalt type ?«?• 

ê«i™ne«MÍ!8 Vaîl°US "ethodologlcal studies In classlfll 
cation testing and test construction. 

In general, the approach taken in this research has 
been toward providing measures of different aptitudes which 
could permit us to better classify men into the various 
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Navy 1obs—ratings. At present a recruit may take from 
five to nine different classification tests designed to 
measure quite different aptitudes or achievements. 

With the increasing availability of digital computers 
(which Dr, Greer mentioned this morning) the direction of 
our research is changing and we are becoming involved with 
devising and applying techniques which can more effectively 
make use of this test data in classification, A partic¬ 
ularly challenging area of investigation has been in the 
development of Project COMPASS—which is sort of an acronym 
for computer assisted assignment. COMPASS is a product 
of several years of effort by the Personnel Measurements 
and Statistical Departments of the Personnel Research 
Activity in San Diego, and was accomplished with the co¬ 
operation of the Classification Staff Personnel at the 
Naval Training Center in San Diego, Its development has 
included over a year of computer programming, debugging, 
trial runs, and trouble shooting. COMPASS has now been 
operational for about ten months at the Naval Training 
Center in San Diego and upwards of 50,000 men have been 
processed using the COMPASS Programs, 

Basically, COMPASS has been designed to modernize or 
"streamline" the classification process. It relieves the 
classification interviewer—who works with the recruit 
toward recommending suitable Naval assignments and jobs— 
of many routine clerical tasks and allows him more time 
to concentrate on qualifications and expressed motivations 
in line with the needs of the Navy. COMPASS also assists 
the interviewer by indicating which basic schools or types 
of on-the-job assignments in the Fleet that each recruit 
is qualified for. 

There are a number of reasons why the Navy became 
Interested in the possibility of developing a computerized 
approach to classification. One obvious reason was its 
potential for filling school quotas. During certain times 
when the quality of men entering the Navy is lower than 
desired, school quotas may not be met or else requirements 
are waived for men of marginal aptitude. This results in 
less efficient use of training facilities, higher dropout 
rates, and possibly an insufficient number of trained men 
in some ratings. Another consideration was that not only 
would we be able to fill assignment quotas, but at the same 
time we could improve the overall quality of men assigned 
to schools. Througn the use of a computer all test infor¬ 
mation can be combined in more mathematically complex ways 
than we are presently using, resulting in predictions which 
are more validly related to school achievement. 
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ficflHnn * Th! h Iwnse task required <n classl- 
„ problem ot assigning in an optimal way- 

the maximum number of school qualified men is a very complex 

fier fn^í8* í? fuct» ^mP0*sible for an individual classi¬ 
fier to give the best mathematical weiehts to earh nf 
various selection factors. Through thfuse of"Se !ompuLr 

íate trob?rinC^PUtatl0ViS í™ be made at a remarkablyPrapíd rate to obtain the overall best combination of men and jobs. 

outnil^h!8!? tlme lS l1lmlted 1 w°uld like to briefly 
. . . fhe four operational programs comprisinc COMPASS 
p™s? W^F^8ram ™0FILEf/he l" 'h! chäinSo? 

™Fn-E provides a listing of those schools 

telt síor»!h!n5eCrKlt,18 elt«lble on the basis of aptitude 
e!nJ!!!! 2d ®ch°o1 guarantees made as a condition of 

f« Shïch he l«e£n«ÎM '? Prof.ll,e Card Usts the schools 
scored ®¡;ltílbleualong with sums of selector 
th! !L!cî?4f he?e schools- This listing is used by 
the classification interview as a guide in discussine Y 

the^ccuíUrãddUio^of^! íecrult* PR0FILE thus assures 
selerMn! 1ltl °í }B8t scores required for school 

and. alf° "*«>* help the undecided recruit by 
suggesting school possibilities. Following the interview 

cS!edrefor!^a«ÍOnS,0fhthe are^then punchï^rd coded for the second phase of COMPASS—Program SCREEN. 

SCREEN checks for possible errors in codinc inter- 

ÏÎTLn!rr?^i°rena’tHkeïPUnC!:ln8* etC-* for ^ach recruit. n a sense, it insures that each man is qualified for the 
schools for which he has been recommended. 

deire1«L!!!!XP!Ci!d înîïï?* °f C0MPASS came during the 
Nav!1 ,°hffl h?rSCREEN Protïïam* Each of the 70 or more 
mlnTmnmüe! h ltS OW^ Set °f requirements, such as 
minimum test scores, color vision, security ilearance 
and special physical qualifications, for example ï!*i«* 
"®t furprl.mg that „e found that a’a'call* b« .ignlflclnt 
number of men were being assigned to schools for which * 

n°î t<uai1Fled; As a result of this discovery 

before thl othe^COMPAi^P^Va 1 Tralnln8 Ca«er In Santiago erore tue other COMPASS Programs were completed, because 6 
of its value in spotting these errors, 

OPFRATpr Üift4OP!r!îlonal afsignment program, called 
OPERATE, maximized the sum of scores for all available men 

ftrspeclaSî enUÎt^ï1" ^ UmUa“ons loosed by quotas ’ in special enlistment programs. OPERATE filled school 

?^Sln84! fa^rlV complex mathematical model. In 
!!slÜ;J^aC!!8ÎKered euery man for everV school and made 
t”t^?M. Me * 00 8 °n the basls of summed aptitude 
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As you may Imagine, this program proved somewhat 
complex and costly In operation, and a new approach to 
school assignment was sought—to reduce costs, and also 
to get more men into their first choice of duty. This 
lead to the development of Program SKOOL which is currently 
operational as our assignment program. 

With Program SKOOL, which is a type of sorting and 
matching program, men who enlisted with a guaranteed 
assignment to a service school are assigned before those 
without a guarantee. The several Navy school guarantee 
programs have been assigned positions based upon relative 
priority and importance. Within each group the men are 
assigned to their first recommendation (choice) and if the 
quota is exceeded, the men with the lower selection test 
scores are pulled out and are considered for their second 
choice. If the available quotas are again filled by better 
qualified men, the man's third, fourth, and fifth cnoices 
are considered in turn. Non-school-guaranteed men are 
considered for the remaining quotas in essentially the 
same way. Again the more able men are apt to be sent to 
their first or second choices. 

Program SKOOL seems to have accomplished goals set 
for it. More men than under Program OPERATE are selected 
for their first school recommendation—about 70 per cent 
get their first choice against 58 per cent with Program 
OPERATE; computer costs have been reduced to about l/10th 
the cost of OPERATE; and, fewer men require hand assign¬ 
ment. Although the average payoff in SKOOL is slightly 
less than for OPERATE, we believe that the greater weight 
given to the recruit's choice of schools may compensate 
for this slight loss. 

The last program in COMPASS is Program GENDET which 
assigns recruits who are not eligible for, or desirous of 
school training, to areas of general detail duty for 
on-the-job training in the Fleet. It is similar to 
Program SKOOL in that it considers each man's qualifications 
and preferences in making assignments. 

We are presently attempting to evaluate the effectiveness 
of COMPASS. One study involving a group of 905 recruits, 
demonstrates the potential of computer assisted assignment. 
Using hand classification, 487 recruits who met school 
requirements were located—although the school quotas for 
that group were 545—a shortage of 58 men. The COMPASS 
Program took the same group of 905 men and was able to fill 
all school quotas—no shortages. Furthermore the test 
scores of the men assigned by COMPASS were slightly higher 
on the average than for conventionally assigned men. 
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to demonstrfite^tíat^COMPAS^0?™* ,lncf*asln<í}y difficult 
Hand asslonrents Lr»,^ 3i8"lf‘«ntly better than 

up of all s?erpesC?r& aa'a^fica^lo^^L:18^6"1"* 

many ranlf?caH^.lZ?íl2n of an,Usted classification has 
many ramifications that we feel will have great oavoff 

earlier^Qrine?hVearS# °ne asPect which I touched on 
oerfomair*1 accurate prediction of individual 

of addlna ^st sco^f r.arh "* Î?ïnd by the usual ™thods 
lír^S g ÎÎ C fcores (such as GCT + ARI = HO) in simóle 
Jí^Lí0Tblnatlona- Now that OH test scores are Interino 
Í« t^rtZZir^ for C°^, the computation*barrler 
be usld Aroreaen? reflned Prediction models may 
expïôîtingAthïs pÔ?enïïaîfe lnvescl8acln? ''arious waysV 

variablesaPPA0i^H.r!r4re pufsï,ln8 ls ln the use of rr .deratoi 
variaotes. A moderator variable is a variable usuallv 

"i -aÄ?Ä^:lv!tpr2Sre 

aayrEÍectronUMcíooT ^hTvaUdït^f' 

the,exten? Òfrn^gr0UP7Ôf aoSample may ba predlctaMe to cne extent of perhaps .70. Our task is to devise wavs of 

program^peratlonal^1 SUbgr°UP and maklng the P™«lction 

The computerization of enlisted classifIcaMnn ha«, 

?hesí nl?hT? bmpUcaJlons for future r«la“h?ClSne of 
je«? ha^th?t noW have potential for redesigning our 
uheíest fo^eS,t0 mfxll,llze classification effectiveness 
c^WeríS IÍÍth2Íy 5redlCCLvf affectiveness vas being 
considered. Another advantage lies in the oossibi Ht-v Sf 
nnp!udih? [Jefsures other than aptitudinal and achievement 
ones, which in combination with the battery scores can 
enhance our accuracy of classification. As a matter Sf 
fnrt.We ataaottently developing empirical achievement kevs 

aj?aatlone! interest Inventory which appear promïslna 

C?Sbirnon- intellect i 

classification* ^55 Pr°8rama C-”ld - ter U1 
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Another advantage—this one will require a good 
deal of research before It can be exploited—Is In the 
employment of decision theory in classification. Given 
the manpower availability and requirements which prevail 
today where should a recruit be assigned who has a 70 per 
cent chance of graduating from an Electronics School and 
90 per cent chance of graduating fr^m a Yeoman School? 
Decisions like this are being made dally on a very sub* 
jective and inconsistent basis. Techniques are being 
investigated for developing methods of scaling ratings on 
a common basis—for example criticality—to improve the 
quality of decision making. Another important area of 
investigation which is in progress is in the prediction 
of on-che-job performance. Currently, grades earned in 
basic level schools are the only available standard for 
judging the "success" of our predictions and though limited 
are accepted as primary criteria. Through additional 
research we believe it will become possible to develop 
specific measures of job success. Finally—and this last 
point is of great significance—the computerization of 
classification using improved criteria of performance will 
bring us closer to the goal of placing the individual in 
the job he's most suited for within the restrictions 
imposed by the Navy's needs. The ultimate success of any 
system of classification whether human or "non-human** must 
consider the individual and his satisfaction in the job and 
doing it well. Only when we are able to balance success, 
as viewed by the Navy, with success, as viewed by the 
individual can we consider our job accomplished. 
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ASSESSING HUMAN CAPABILITIES 
THROUGH EQUIPMENT-ORIENTED TESTS 

L, R. Egan 
Personnel Research Laboratory (Navy) 
New Developments Research Department 

Before I discuss our testing program, I think It would 
14.iîPPu0*>r^a.te 8et t^e 8ta8c “Y briefly acquainting you 

with the work of my immediate organization, which In essence 
defines and delimits the scope of our testing. 

The New Developments Research Department is concerned 
with manpower requirements imposed by the introduction of 
new weapon and support systems into the Fleet. We are char¬ 
tered to estimate, define, and evaluate the impact of new 
hardware systems alone many human dimensions: for example. 
Quantitative personnel estimates (a type of numbers game); 
functional task analyses (based on comparative man/machine 
functions as manifested at the earliest design stages); 
shipboard manning predictions; and training estimations. 
Not only are we committed to predict manpower and training 
requirements but also we attempt to verify these predictions 
as the hardware proceeds along the development cycle. 

(Slide I) This slide illustrates the timing and 
documentation sequence that supports hardware and manpower 
requirements. K 

líf £J£S^llne ,l8rtthe d?v«lopn*nt cycle of the hardware 
from the GOR (General Operational Requirements) Stage, "the 
glimmer in the eye" of warfare specialists, to the final 
stage of Fleet introduction and use. As Human Factors spec¬ 
ialists we tie into each phase, with varying degrees of 
effort, as diagrammed on the second line. You will notice 
that these cells reflect personnel and training estimates. 
They represent documentation, coordination, and applied 
research reporting in progressive degrees of specificity. 
The third line of this matrix is the evaluation phase, which 
runs concurrently with the other two phases. For example, 
human engineering and system effectiveness data are the 
bases for deriving evaluative instruments. 

We are, therefore, interested in hardware requirements 
and the coastralnts and demands hardware places on the man 
in an operating environment. We want to know what he has 
to do (performance criteria) and how well he is doing it 
(evaluation). We as testing specialists begin planning for 
evaluation as early ir the development stage as do our humar 
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engineering specialists. (There Is an overlay of 
responsibilities as the slide illustrates.) The latter 
specialists ask the question, »Will our Navy technician 
be able to perform the job?" and we, as evaluators ask. 
How wgll will he be able to do it?M (End of Slide I) 

We all realize, when we attempt to put our Ideas into 
practice, that there is a considerable gap between a concept 
and its implementation. There are the everday agonies of 
not enough time, money, nor manpower: all the contingencies 
that constantly remind us of this finite world ("time for 
decisions and revisions which a minute will reverse," Eliot). 
Therefore, the attempt I have made to define our organization's 
role represents what we strive to do. We have had our share 
ot successes and, of course, our burden of failures. I will 
speak to both. 

One of the first systems which we tackled as a new 
organization (We were established less than 10 years ago.) 
was SUBROC, an anti-submarine weapon system, including both 
missile and fire control sub-systems. We prepared manpower 
estimates for this system early in its inception, at the 
GOR stage, at the evaluation level; however, we are still 
trying to assess its manpower impact. 

With Promethean foresight, we realized that performance 
testing should be an integral part of our final evaluation 
program. Therefore, we derived a taxonomy of skills and 
concomitant knowledges that the SUBROC technician may be 
expected to encounter. This was in 1958-59. Not until 

however, did we finally package the test booklets 
facing the realities of the mercurial testing 

world, we are now repackaging them. What have we learned 

Z™? î?ls'..uFîrî,t °f a11' thls exPerlence reinforced the ex¬ 
pectation that testing is a painstaking, tedious, and gar¬ 
gantuan task; even more so, when it involves performance 
testing on equipment. We learned that for testing purposes 
we should have followed hardware development a little more 
closely. Changes in hardware specifications, if extensive 
enough, entail not merely test revision but an entirely new 
test. The Phoenix does not regenerate inself in the testing 
world; it must be reconstructed on a new site, cell by cell 
We also found ourselves harrassed with the classic problems’ 
in test development: criterion determination, task sampling 
scoring, validation, and the final demon, consumer acceptability 

Because of the very nature of the tests we develop, 
mainly, job-sample performance, we can only in a limited sense 
us. test technology which Is blsed on a test's predictUv! 
power. 
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As Glaser clarified (Psycholoeical Principles in System 
Devel°pment. p, 421), we are involved in "criterion-referenced" 
not normative-referenced" instruments. We do not correlate 
test results with future performance. We evaluate performance, 
in situ. We do not use test scores to order examinees along 
a continuum of relative effectiveness, in the normative sense, 
nor we use these same standard scores to predict their 
performance. Therefore, a score of 90 on a proficiency (per¬ 
formance) test means something altogether different from a 
score of 90 on an aptitude test. If the aptitude test is re- 
ort«/*” £ tiles, a student making 90 is assured that 
90/o of all examinees scored lower than he. With some sta¬ 
tistical manipulations this individual's future performance 
can be estimated within a prescribed range of probability. 
However, if a Navy technician earns a score of 907. on a per¬ 
formance test measuring critical job skills, we would interpret 
this as meaning that he has not met the demands of the job. 
In evaluating his performance, we are not concerned at this 
point in time with what other technicians are doing but only 
with the fact that he is not contributing 1007. to system 
effectiveness. In the case of extreme safety hazards, one 
omitted step or safety infringement constitutes total test 
failure. 

In developing tests, we are mainly concerned with test 
criterion development and the demands of the hardware system. 
We begin with the analysis of system requirements, both man 
and machine, and then attempt to estimate their separate and 
interacting requirements. We derive our criterion data from 
hardware specifications and from system and equipment effec¬ 
tiveness reports. In the early stages of system development, 
we derive, from engineering data, functional statements of what 
the technician is required to do. Because the universe of 
tasks to be performed is usually extensive, task sampling is 
mandatory. As conditions warrant, a variety of performance 
criteria is employed: criticality, frequency, and complexity 
of task groupings. Redundancy across task groups is filtered out 

(Slide No. 2) 
This is an example of task sampling on the SKQ-1 Tele¬ 

metering Equipment. Tasks are listed in column one. 
Column two ranks, on a scale of 1 to 7, each particular task's 
contribution to the mission; these are in descending order; a 
rank of one indicates a task's direct function in receiving 
telemetering data. Column 3 is a secondary sampling, categoriz¬ 
ing maintenance activities in terms of criticality and/or re¬ 
dundancy. Column 4 identifies subtest section. Column 5 
cross indexes other related subtasks. When a task emerged 
from this sampling process, with the mission contribution 
rank/Sampling combination of 1-A, B, C or 2-A, B, C, the 
task qualified for test representation. (End of Slide #2) 
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As a system proceeds downstream, there is exoectedlv 
more data available in the form of system effectiveness and 
equipment casualty reports. (Slide #3) This illustres 
another methods of task sampling in which historical records 

malfunctions) were used to 
ascribe weights to subtest areas. (End of Slide No. 3) 

Out of the requirement for criterion-referenced tests 
as wel! as the consideration of user acceptability, we have 
ecperimented with a variety of testing formats and designs. 

wh1rhVH C0^Cei!tya4ed|0n the i°b-sample performance test in 
Wpl^cïhM echn¿Clan S ?vert behavi°r ls observed and measured 
nt he actually works at his job, either operating 

equipment. We attempt to do what Lindquist 
(Preliminary Considerations in ObiectivP Tp^ 
p. 152j, recommends: 

...the fundamental goal of the test 
constructor is to make the element of 
his test series as nearly equivalent to, 
or as much like, the elements of the 
^Iterion series as considerations of 
efficiency, comparability, economy and 
expediency will permit. 

This quotation leads into the last demon I spoke of earlier 
consumer acceptability. There are many constraints on test* 
administration in an operating situation. We have been Con¬ 
fronted with the majority of the, namely, time restrictiva 

?vaÍlablllby. or rather the laik of it? andW ’ 
general reluctance of people to submit to examination. To 

palatable, without hopefully sacrificing 
validity and reliability, we have designed tests to fit tie 
Procrustean bed of operational requirements. 

Specifically, we have abbreviated administration time 
by constructing subtests to be administrered within a time 
frame of one hour; by devising symbolic (written) tests 
rather than performance; bv providing alternate simulated 
problems ("assumed faults"); and by selectively sampllne 
from among tasks within the total performance spectrum S 
These measures have markedly contributed to fleet acceptability 
because they minimize interference to shipboard routine. 7 

What use is made of test results? As mentioned before 
our proficiency tests are designed to be administered pri- 
marilv aboard ship. They are used to detect weaknesses 
(and strengths) in the technician's ability to operate or 
maintain electronic equipments. They evaluate an individual's 
performance in terms of hardward requirements. Results from 
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In terms of general Deïfo^*nJ d* 1 accumulated and analyzed 
trends for fxamílp ?* r6^lrevents. We can detect 
abllit-v ï«rhîXa??lei ln a desl?nated enlisted ratlnp's 
tlcular svstemU 3 Part^cualr component within a par- 
a sample of 15*Frs (Fu| Control Tp°h,/?r e^ainPle» that of 
failed to Isolate ?roubíes ln ^Í tested, 10 
of the AN/SPM-9 test fl8nal Comparator section 
meimin» «-« !.U C st set# Thls Information has specific 

or for*formal°schoolPprograms!lther f°r ^TsáZ^A 

In school but rather*!.^31066 f ProSress (or achievement) 

eîaîSate thesero2wMent:S» OUr P^flciency tests ™ 
Instwces help tralnlng^ttvîtUs^o^orrcïosely^Ugn 

elr program with job requirements. (End of Slide No? 4) 

with moreSquestIons 3’ "Z flnd «^selves left 
Bulldog p?öfl?lencv ?«ft hrrä t0 '"^sûrement problem. 

cq?r:nr^"*iír-^^-°"--í^nt3oanwe8í:“de:rra- 
With thebsama same.lnfo?natton more expeditiously and* 
U*» Lthe S3me de8ree of confidence by using other techniauea 
~ Instruments8^?8 ^ welf-?o!:"rí«e3lqUe8' ln?truments» couched in terms of performance reauire- 
ments, and are evaluating their data-gatherlniTn^r « 

S 3' s,~ :r.sí ;™y,¡T=a.-:¿t“r 
?h?rl? Cîe ?ata c«ll««*d »ut n?t ™??gh to 

hardware-to-ma^assessment^orIdVe S UnlqUe f?nCC1°n ln the .Tüírr.s;;ri ™ 
« Ä VÆiSÂ 

and ^0rmat:s we have developed for tests I 

«.Ua£ïelbî&5crPle U8t °f °Ur ~bo«s ^VrV 1 
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tests, individually administered, are accumulated and analyzed 
in terms of general performance requirements. We can detect 
trends, for example, in a designated enlisted rating's 
ability to troubleshoot a partlcualr component within a par¬ 
ticular system. Test results may show, for example, that of 
a sample of 15 FI's (Fire Control Technicians) tested, 10 
failed to Isolate troubles in the Signal Comparator section 
of the AN/SPM-9 test set. This information has specific 
meaning to t .ose responsible either for shipboard training 
or for formal school programs. (Slide No. 4) 

Our evaluation system is external to the school program. 
Our proficiency tests can be used in the school but do not 
necessarily measure a trainee's progress (or achievement) 
in school but rather his expected performance level on the job. 
If the school has defined its training objectives in terms 
of actual job requirements, then our proficiency tests do 
evaluate these objectives. In fact, our tests in many 
Instances help training activities to more closely align 
their program with job requirements. (End of Slide No. 4) 

As is the bane of researchers, we find ourselves left 
with more questions than answers to the measurement problem. 
Building proficiency tests based on equipment and system re¬ 
quirements is expensive and time-consuming. So we wonder, 
can we obtain the same information more expeditiously and 
with the same degree of confidence by using other techniques. 
We are now reassessing the validity of well-constructed 
survey instruments, couched in terms of performance require¬ 
ments, and are evaluating their data-gathering power at 
various points along the hardware developmental cycle. We 
have found in our initial study, which employed proficiency 
tests, rating scales and survey instruments on the same 
sample of subjects, that there is a moderate amount of 
common variance in the data collected but not enough to 
convince us that tests do not have a unique function in the 
hardware-to-man assessment world. We are resharpening our 
tools and hope to apply more precision in evaluating our 
assumptions. 

This is an overview of our testing program. For those 
of you who may be Interested in more specifics concerning 
the rationales and formats we have developed for tests, I 
am distributing a sample list of our reports which are 
available from DDC. 
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ULTIMATE USE OF COMPUTERS IN TEST INTERPRETATION 

G, J, Anderson 
National Computer Systems, Inc. 

Minneapolis, Minnesota 

,h * ..¾ ¡Mnu«lly scoring and processing test answer 
d.îî5Ll2 tfie ba,lc technique used for obtaining the 

l^ín «înîirî °?i!*?.",t50ds are ««"erally mSch superior 311 1T68P0CÜS« Til© t i TTM* f* JO O f" 4 
4” ":r--, -tawwmaucu mcLuoas are generally much super 

Î11 yeapects. The time factor Involved Is, quite 

ío¿?n!ly’n l8Pf?POrL'lonately blased ln favor of machine 
scoring. Overall accuracy and flexibility in the 
measurements are also Increased when machine method 

Iven 
s are utilized. 

Test a^swer sheets which have been designed for use 

expllcltívrdefinLíeHdÍ?g devlce contaln a fixed matrix of 
f«Pín « y deIl5eated discrete Item response areas keyed 
Î fo?m 5h?oíafe ?uestl?n 8et- Although this does provide 

^Í h lS ?ls? qulte amenable to manual scoring 
^f?UreS’ c®'J,Plexltles In some test vehicles usually 
T ” a f,™Shl?a »«ring be specified. A classic e*Lple 
Munir«? the Stron| Vocational Interest Blank (SVIB). 
Much of the current development In automated scoring 
equipment ciuld be traced directly to this test. 8 

^T9!; mac^ft}es made to accomplish automated test 
The dpfwfîled conslderably in function and complexity. 

d prOCuS8ln8 functions dictated the totality of 
ïïí!¡l^^LdeS1?n• bec?use a11 operations had to be built 
and nhv!io25,lP?ent: hardwa¡:f* Slnce the answer sheet format 
the tea?*!?* ?£Ze wefe tailored to machine requirements, 

lîself was implicitly defined with respect to 
content and purpose* r 

t-u* Data Provided by these early machines generally was 

s conncJCcIÎ,Valïe9uPre9ented as a maCar fading. L as 
cases 'I n,míhüi je 80 «corded by an operator. In some 

d Was «enerated to allow a subsequent 
raíT^rir^í»? WUh * c?mPut«r. Any extension of simple 
uîlÎ«?COre va^u® ^«porting, such as n raw to T score con¬ 
to bi «torfS6?8* ^ conversion tables would have 
to be stored In some sort of a memory device. Machine des ion 
would have to become even more complex In structure. ** 

oonoJii1^ 5he advent 0f readlly available small-sized 
general purpose computers, a decision was made to return 
o fundamentals. This resulted In the construction of an 

answer sheet reading device to be used as a peripheral 
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equipment to the computer. This system works In all respects 
as a scoring machine, but possesses several Important 
advantages: 

a) Regardless of answer sheet or test design, full 
control Is always maintained by the computer. 

b) Answer sheet content may readily Include such 
auxiliary data as age, sex, name, or various unique 
Identification numbers, In addition to the usual 
question content. 

c) Answer sheet design Is quite variable In format, 
allowing at least some amount of "human-engineering" 
for a maximal ease In test administration. 

d) All of the data, such as question Item responses, 
or auxiliary data furnished by test content, may be 
retained on some data storage media to allow any 
type of subsequent data or Item analysis to be 
Implemented. 

Using a computer with a peripheral document reading 
device as the basis for an automated test scoring system 
Is becoming Increasingly Important to test users and test 
designers alike, because of the unprecedented data collection 
and retention possible. These features are currently being 
evaluated. 

Any test scoring process first produces a set of scale 
values, which are used to quantitatively define the various 
parameters that the given test was designed to measure. 
Further processing or these data provides a considerable 
variety of currently realized output reports, ranging In 
content and form from an Individuals profile report to 
complete group Item or scoring statistics analysis. 

All of these reports are purely factual In presentation, 
and as such, serve an extremely Important and growing role 
In the entire testing field. Fortunately, or unfortunately, 
as the case may be, Interpretation of these quantitative 
results may, In some cases, require either special training 
or experience, or an Inordinate amount of time to accomplish. 

The second step of this scoring process, therefore, 
especially with respect to Individual data or profile reports, 
Is to analyze these quantitative data and translate this 
to an actuarial description. This might be done In an 
Implicit manner, such as a guidance counselor using an 
individual's SVIB profile to assist In directing attention 
to an indicated vocation; or explicitly, such as a clinical 
psyche gist translating and reporting his analysis of an 
indiviuual's MMPI test profile. 



/ 

As is well-known and acknowledged, this second step 
in the scoring process - reduction of quantitative data to 
qualitative data - has very definitely not been subjected 
to automation. There are various reasons for this - dupli¬ 
cation or simulation of the associative thinking modes 
necessary to implement this translation have not been 
clearly defined. An amazingly small amount of data is 
available on how men do solve problems, make decisions or 
perform general high-level intellectual funtions. Some 
terms for categorizing these activity types have been used, 
such as analyze, synthesize, organize or categorize, but 
close inspection of such terms and their definitions are 
as yet, somewhat unsettling. There is also a problem, * 
perhaps due to the disconcerting redundancy of the English 
language, in endeavoring to normalize a possible set of 
statements which could be used for a qualitative data report. 

A computer is, in spite of the tremenduous technological 
evolution in both capability and capacity, a singularly 
unimaginative device. Except by sheer accident, it will do 
no more than programmed to do - in many cases, it will do 
considerably less. This means that everything which is to 
be accomplished with the aid of a computer must be very 
explicitly defined in all respects. The generation of 
quantitative data is immeasurable simple in this respect; 
the mathematics is well-known. Qualitative data generation 
is a relatively new concept, and much work and derinition 
has vet to be accomplished in order to realize some degree 
of the full potentialities inherent in this application. 

An example of a currently available test report containing 
both quantitative and qualitative data is the interpreted 
MMPI output as defined and developed by John S. Pearson. 
Pn.D. and Wendell M. Swenson, Ph.D., of the Mayo Clinic, 
Roc.iester, Minnesota. This report is a pioneering effort 
designed primarily to be used as a teaching or guidance 
device to assist anyone concerned with the various clinical 
aspects of behavior in the acquisition of "he more subtle 
techniques of MMPI profile analysis. This particular report 
is medically oriented, and was designed primarily to be used 
by physicians in general. 

The quantitative data portion of this report lists 
the raw and T score values of the cannot say, L, F, K and 
the ten clinical scales. Those raw and T scores which are 
subjected to K corrections are also listed, along with the 
appropriate T score scale plotting. The raw and T scores 
for the eleven research scales are reported, but not plotted. 

The qualitative data portion of this report is 
comprised of a series of statements which conservatively 
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describe various implied aspects of the individual profile 
elevations. These statements, consisting of a series of 
succinct observations related to score elevations present, 
are generated during a three-step analysis of the individual 
score values. 

The first step examines the variable set defined by 
the individual's age, sex and various clinical scale score 
values to generate a configurai analysis of the given profile. 

« Pfocess^n8 phase also tests the cannot say value for 
an indication of test completion, and tests the various T 
score values for the number of primed scores. 

The second step in this data generation is to sort 
the L, F and K scales by magnitude and generate the appropriate 
comment output. Finally, the remaining clinical scale values 
are sorted by magnitude, and the statement related to the 
degree of elevation for the given scale is generated and 
printed out. 

It is to be stressed that this first application of 
qualitative data processing by a digital computer is quite 
modest in intent and specific in nature. While the state¬ 
ments generated are entirely correct within their framework 
of reference, a specific user should tend to augment these 
statements with implied interpretations, 

A continual expansion in the use of digital computers 
can only result in the extension and refinement of techniques 
that are currently used for quantitative data processing. 
This is markedly evident in some of the various aspects of 
item analysis - question content, number of questions used, 
or question area overlap may well be derived by the use of 
a computer. Processing studies are currently being made 
of this type of analysis, and consequent developments 
would certainly implement the capability of automated test 
design. 

It is in the area of definition of qualitative data 
analysis that the greatest changes will be -ïffected. Problems 
of term definition, such as previously stated, are being 
examined by a number of people working in divergent fields 
of endeavor. The totality of theory developed from this 
work, used in conjunction with possibilities afforded by 
the newer concepts in computer organization and control, 
will eventually result in a very real convergence of antici¬ 
pated results toward what is now termed an ideal, 

A nost sincere acknowledgement is given to John S, 
Pearson, Ph.D. and Wendell M. Swenson, Ph,D., of the Mayo 
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Clinic, Rochester, Minnesota. Their combined research 
6 P°sslble tbe implementation of the inter¬ 
preted MMPI output described. 
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A QUESTIONNAIRE TO IMPROVE A TESTING PROGRAM 

no a t? , J. E. Partington 
US Army Enlisted Evaluation Center, Fort Benjamin Harrison 

Indiananolis, Indiana 

FnHc^!îer0fith^ArrT1£'S bi? testinS programs is a part of the 

of a soldier s career - his assignment, his utilization, his 

trainin§» his nav, and his retention in the 
V8 tmeana determining annually by means of a 

‘ ^nîlng nCale h?W a soldier knows about his 
lob (his Military Occupational Specialty or MOS) and how well 

ativermeIsurpn^1S k°S* ^ nr0VÍdes objective and compar- 

same^OS3ski 11°level an^^ay eU*lble S°ldlers ln the 

vi(i„.iTï.ffnhl3':ed fv?lual:}on System siyes each soldier tndt. 
vidual attention. Job evaluation provides for him both moti. 

f?iri?nhaK? lnte^est* Complete knowledge of job requirements 
furnish him with a sense of accomplishment and a comparative 

hl9 j0b fr?flclencV among his „ears whUh pro! 
the lni?^r^V tlt':ve challenge. Objective results of 

C d Evafuation System are used in connection with 
* Pr? lci!ncV PaV» retention, assignments, and uti- 

libation of enlisted personnel. 

The MOS evaluation 
he receives his test aid 
oaoer-and-pencil test, 
ence and a training aid. 
prepare for the test, a 
Army school courses, and 
subject-matter areas of 

cycle begins for the soldier when 
about three months before taking the 

The test aid serves as a study refer- 
It contains suggestions on how to 

list of study references, non-residem 
job requirements within the major 

the MOS skill level. 

IpHoo I«!? I?e?suri5f devices are used to evaluate the job know- 
ledge and job proficiency of the soldier - the Commanders 
valuation Report (CLR) and the MOS evaluation test including 

a performance test when appropriate. The C£R is a rating 

°í J2 fac5urs ”hich c°ver personal character- 
t of the soldier. The MOS evaluation test is composed 

2 tí2Lr^ pe-Ch0Í$e>íe"? (Puestions) which are concerned 
?hp Dr°bJam8 and job situations. The score on the test, 

a?? the ?frf°rmance test (when administered) are 
statistically combined to obtain a raw composite score This 
•lilt is then converted directly to an MOS evaluation ¿coíe 
using the scale of the Army standard scoring system. The 
evaluation score is the one reported to the soldier and to his 
commander Raw composite scores of soldiers in the same MOS 

acore fSreMOsnnup?if?IaM 3r?UPed tot?üthtír- The minimum score for MOS Qualification and for promotion are determined 
MOS evaluation scores ranging from 40 to IbO are then devel-# 
oned for the group. A soldier must obtain an evaluation score 
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of 70 or higher in order to verify his MOS. Soldiers who 
obtain an evaluation score of 110 or higher are considered 
oromotion qualified. 

(EDR VU-GRAPH) The MOS evaluation cycle ends for the 
soldier when he receives his MOS Evaluation Data Report (EDR). 
This is the "soldier’s report card" and gives the results of 
his, MOS evaluation. In addition to showing the soldier's 
evaluation score, the EDR shows a profile of his strengths 
and weaknesses in each broad subject-matter area of his MOS 
skill level based on his relative standing in each broad 
subject-matter area of his test. This information identifies 
for the soldier those areas of his MOS in which he needs ad¬ 
ditional study and training. If he strives to improve those 
areas in which he received "low" or "very low" on his EDR 
Profile, he should become a more effective soldier thus giving 
him a sense of accomolishment. He should also improve his 
MOS evaluation score. This is especially desirable if he 
failed to verify his MOS or failed to qualify for promotion, 
or for proficiency oav. 

The success of the M03 evaluation testing program de¬ 
pends not only on the development and use of valid and reli¬ 
able measuring instruments, their proper administration and 
scoring but also on (1) the use which the soldier and his 
commander malee of the results of the program as shown on the 
EDR for the soldier's improvement; (2) the success the soldier 
has in obtaining reference materials necessary for test prep¬ 
aration; (3) the timeliness with which the soldier receives 
the test aid; (4) acceptance by the soldier of the guidelines 
in the test aid; (5) and the extent to which study references 
helped the soldier in obtaining information about equipment 
pertinent to the MOS but with which he is not familiar. Ac¬ 
ceptance of the MOS testing program and use of its results 
bv the soldier is absolutely essential to its continuing suc¬ 
cess. In order to obtain information about these important 
areas, a questionnaire was developed for administration to a 
sample of soldiers immediately after administration of MOS 
evaluation tests. 

The MOS Evaluation Test and Test Aid Questionnaire were 
designed to elicit frank and anonymous opinions about the MOS 
evaluation tests, test aids, availability of reference mater¬ 
ials, the Evaluation Data Report (EDR), study habits, and other 
related aspects of the Enlisted Evaluation System. A question¬ 
naire composed of 21 multiple-choice questions was administer¬ 
ed to a random sample of soldiers during the November 1965 
and February 1966 test periods from which almost 5,000 useable 
answer sheets were obtained. 

Questions are a means of communication and communicating 
just what we want to say is really not an easy task. As far 
hack as ln36,a study indicated that in the field of commercial 
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prl!a^ÏAo5hree !?pert? in every tou* were critical of improp- 
thinUQ questionnaires. The person who asks a question 

us oui "ÍÍÍJLÍ8 Clear fnd WU1 be unc^erstood. Toqeach of 
mL Ko f seeni clear* To the listener, however, it 
may be a different story. A fellow in an office told recentIv 

nernlevpdeh0ld^iïCldení. °f which he had been an innocent but^ perolexed spectator. Our friend had called a Venetian Blind 

whilprthp f° í?"16 DlCk a faulty blind. The next morning, 
frípndíc J?milV ïaS atubrea,<fast, the doorbell rang. Our* 
riend s wife went to the door and the man outside said "I'm 

oied wav thrZ ExCUsin« herseU in a preoccu- 
oied wav, the wife went to the kitchen took a dollar from the 
food money, and pressed it into the reoairman's hand. She 

*sSmÍbodÍ0rn?iphMd00í auá Wení baC,C t0 the breakfast table. Somebody collecting,' she explained as she poured the coffee. 

been misunîwaï!^ ^at:erial in our questionnaire has 
and exilnded ií Ío’a! 6 howfver./evise th' questionnaire 
in M!vP?S^d ^ Í 41 qVn!5i0ns for administration to soldiers 
in May 1966 and August 1966 test periods. The results from 

similar^n^h1965 and.Febmary 1966 questionnaire were verv 

stereS n °n the reVÍSed gestionnaire admin- 
nK^fíed41? May , This paper is concerned with the results 
1966lfromfwhichllo P7ftlSed jyestionnaire administered in May 

6 from which 2,878 useable answer sheets were obtained. 

The questionnaire was concerned with soldier's opinions 
in six major areas as shown on this Vu-Graph: P 

(USE VIJ-GRAPH) 

1. Evaluation Data Reoort. 
2. Test questions on unfamiliar equipment, 
o. Test Aid. 
4. Individual or group study, 
o. Reference material. 
6. Preparation for tests. 

I will now present the seoarate items of the Question¬ 
naire with percent of responses followed by implications for 
improvement of the testing program. p cions r 

Item 1. If you received an Evaluation Date Renort (EDR) 
from last year's test, was it helnful to you ir 
determining those subject-matter areas, if anv 
for which you needed additional study to preoa¿ 
for the test you just completed? 

A. very much 35% 
B. some 40% 
C. very little 117, 
D. not at all 147. 
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The EDR Is favorably accepted by a majority of soldiers. 75% 
said that it was helpful in determining areas in need of addi¬ 
tional study relative to the test which was just completed. 

Item ?. Answer this question ONLY if you received an 
EDR last year and if the EDR profile indicated 
low or very low in any subject-matter areas. 
Did your immediate supervisor or commanding of¬ 
ficer encourage you to study in those areas? 

A. yes 34% 
B. no 66% 

Two-thirds of the soldiers said that their commanders did not 
encourage them to study in the areas of weakness. 

Item 3. In the test you just completed, approximately 
how many questions referred to types of equip¬ 
ment with which you were not familiar? 

A. more than 25 29% 
B. 11 to 25 21% 
C. 1 to 10 32% 
D. none 187. 

One-half of those answering this item said that there were 
or more test questions on unfamiliar equipment. 

Item 4. If the test contained questions on equipment 
not familiar to you, how many of them, if any, 
could vou answer because vou had worked on or 
had been trained on a similar (or substitute) 
type of equipment? 

A. most of them 237. 
B. few of them 617. 
C. none of them 16% 

84% did obtain some benefit from having worked on or having 
been trained on similar type equipment. 

Item 5. If the test contained questions on equipment 
NOT familiar to you, how many of them, if any 
could you answer because you had studied the 
references listed in the test aid for that 
type of equipment? 

A. most of them 17% 
B. few of them 457. 
C. none 117. 
D. I did not study 

the references. 27% 
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™fni-dÎ!Îf2ÏÎ!ÎÏ s?1?6,.benffit from having studied the equio- 
ment references listed in the test aid? M 

Item 6. Did you receive a tejt aid for the current 
test administration period? 

A. Yes, through normal distri¬ 
bution channels 667. 

B. Yes, through a source other 
than normal distribution 
channels 67. 

C. I did not receive a test aid 287^ 

Îeceî5.di8ï«?i?fHt0fn°M ^ 28Vtated ^at they did not 
Febriirv 1966 aralVsis of the replies on the 
ine rerliir.f^!!^ ?5alre of1tbree geographical areas concern¬ 
ing receipt of test aids revealed that 417., 477.. and 497 re¬ 
spectively stated that a test aid was not received. It "was 

moüe.infPotion concerning timely receipt of 
test aids is needed and some remedial action is necessary. 

Item 7. Approximately how far ahead of the test date 
were you informed that a test aid was avail- 
able for you through normal distribution 
channels - regardless of whether or not you 
actually received it? 

A. 2 months or more 417 
B. at least one month but less 

than 2 months 24°!, 
C. less than 1 month 157] 
D. at no time 207! 

Item 8. Answer this question ONLY if you received a 
test aid. Approximately how ¿ar ahead of the 
test date did you first have the test aid in 
your possession? 

A. 3 months or more 16’/, 
B. at least 2 months but less 

than 3 months 407, 
C. at least 1 month but less 

than 2 months 327, 
D. less than 1 month 127! 

Answers to this item indicate that most soldiers actuallv 

U, .vuûbuÜy!ld “ the Same “me they 

Items 9 through 14. 
How irony hours of individual and/or group stud 
if any, did you spend in studying for vour MOs 
evaluation test? K ^ 



9. A. over 50 hours 
10. A. 26 thru 50 hours 
11. A. 11 thru 25 hours 
12. A. 6 thru 10 hours 
13. A. 1 thru 5 hours 
14. A. none 

127. 
10% 
19% 
18% 
16% 
25% 

75% spend one or more hours studying for their test with 12% 
spending more than 50 hours. The time spent, however, varies 
considerably among MOS Codes. Of 16 M0S Codes for which suf¬ 
ficient replies were available, for February 66 and 10 MOS 
Codes for November 65 the range for no time spent studying 
was from 8% to 407. and 27. to 397. respectively. Note that 257. 
spent no time studying. 

Item 15. How far ahead of your MOS Evaluation Test ad¬ 
ministration date did you begin to study for 
your test? 

A. 2 months or more 24% 
B. at least 1 month but less 

than 2 months 327, 
C. at least 2 weeks but less 

than 1 month 207. 
D. less than 2 weeks 24% 

Over one-half of the soldiers began studying at least one 
month or more before their test. 

Item 16. How useful was the test aid to you in prepar¬ 
ing for the test? 

A. 
B. 
C. 

much use 
some use 
no use 

277. 
667. 
37% 

93% found the test aid useful. 

Item 17. Of the references you wanted from those listed 
in your test aid, how many were you able to 
obtain? 

A. all of them 
B. at least half of them 
C. less than half of them 
D. none 

147. 
457. 
36% 
57. 

It appears that reference availability is a problem of varylni 
degrees for 86% of the soldiers responding. 

Item 18. How much difficulty did you have in obtaining 
the references you wanted from those listed 
in your test aid? 

34 



A. no difficulty 237. 
B. some difficulty 46% 
C. much difficulty 26% 
D. I did not try to get 

the references 5% 

The results on this Item are consistent with the previous 
If •PP®*™ thât some Improvement in reference availa¬ 

bility Is needed. 

Items 19 through 27. From what source or sources did 
you obtain study reference material listed 
In your test aid? 

19. A. 
20. A. 
21. A. 
22. A. 
23. A. 
24. A. 
25. A. 
26. A. 
27. A. 

personal reference material 54# 
unit reference file 
unit commander or first sergeant ni 
post library ^ 
education officer (education advisor) 9% 
borrowed from another person 40% 
manuals which accompany equipment 25% 
other 20% 
I did not try to obtain any 
references 27, 

Item 28, If you were unable to obtain the references 
you wanted, did you bring the matter to the 
attention of your immediate supervisor? 

A. Yes 357. 
B. No 35*4 
C. I was able to obtain the 

•references I wanted 30% 

One-third did not bring their reference problem to the atten¬ 
tion of their supervisors. 

Item 29. Which of the following statements best des¬ 
cribes the amount oi reference material 
listed in your test aid? 

A. too much material for the time 46# 
I had to study 

B. about the right amount of material 30# 
for the time I had to stjdy 

C. I would have studied more material 247. 

It Is Interesting to note that 24% stated that 
studied more reference material. 

they could have 

Jreu Was t^ie H8t*n8 soeciflc chapters or sec- 
(Feb 66) tlons of references In your test aid useful 

to you in studying? 
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A. 
3. 

yes 
no 

837. 
17% 

Items 20 and 21 from the questionnaire administered in Feb¬ 
ruary 1966 are inserted here since they do not appear in the 
questionnaire administered in May 1966. Previously, spe¬ 
cific chapters or sections of references were not eiven. 

thus requiring the soldier to find the appropriate parts of 
the references to read. ^ 

Item 21. Study references are now listed in the test 
(Feb 66) aid by subject-matter areas. Did you find 

this method of listing references helpful? 

A. yes 86% 
B. no 14% 

Previously references were listed at the end of the MOS re¬ 

quirements, each reference listed once and its applicability 
to skill level checked in the skill level column. It is ob¬ 
vious that the changes in the Test Aid format for references 
has been overwhelmingly accepted by the soldier. 

Item 30. Did you use any Army Extension CourseGO or 

Subcourse(s) to prepare for your MOS evalu¬ 
ation test? 

A. yes 13% 
B. no 87% 

Note the large percent (87%) who did not use an extension 
course. 

Item 31. Approximately how much of the extension 
course study material did you complete? 

A. all of it 24% 
B. two-thirds or more 28% 
C. one-third but less 

than two-thirds 25% 
D. less than one-third 18% 

52% finished all or most of the extension course. 

Item 32. Did the Army Extension Course(s) or Sub- 
course(s) you used help you to prepare for 
your MOS evaluation test? 

A. very much 34% 
B. some 47% 
C. very little 18% 

81% did get help from extension courses taken. 
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Item 33. Did you attend any training sessions organ« 
ized by an Education Officer or Education 
Advisor to help you prepare for your MOS 
Evaluation Test? 

A. yes 4% 
B. no 96% 

Note the large percent who did not attend Education Officer 
training courses. Perhaps many of the Education Officers 
did not offer any training courses. 

Item 34. Approximately how many of the training ses¬ 
sions, organized by an Education Officer or 
Education Advisor did you attend? 

A. 21 or more 127. 
B. 11 thru 20 15% 
C. 6 thru 10 257. 
D. 1 thru 5 48% 

Item 35. Did the training sessions, which vou attended 
and which were organized by an Education Of¬ 
ficer or Education Advisor, help you to pre¬ 
pare for your MOS evaluation test? 

A. very much 27% 
B. some 51% 
C. very little 22% 

787. obtained help from Education Officer training courses. 

Item 36. Did you attend any training sessions organ¬ 
ized by your Unit Commander to help you pre¬ 
pare for your MOS evaluation test? 

A. yes 7% 
B. no 93% 

Note the large percent who did not attend Unit Commander 
training sessions. Training sessions may not have been 
available. 

Item 37. Approximately how many of the training ses¬ 
sions, organized by your Unit Commander, did 
you attend? 

A. 21 or more 7% 
B. 11 thru 20 16% 
C. 6 thru 10 26% 
D. 1 thru 5 51% 
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Item 38. Did the training sessions, which you at« 
tended and which were organized by your 
Unit Commander, help you to prepare for 
your MOS evaluation test? 

A. very much 
B. some 
C. very little 

24% 
52% 
25% 

76% did get help from Unit Commander training sessions. 

Did you attend any informal group study 
sessions organized by you and/or others 
in your MOS to help you prepare for your 
MOS evaluation test? 

Item 39. 

A. yes 
B. no 

22% 
78% 

Note the large percent who did not attend informal study 
sessions. Such sessions were probably not organized in 
many places. 

Item 40. Approximately how many of the informal group 
study sessions, organized by you and/or 
others in your MOS, did you attend? 

A. 21 or more 
B. 11 thru 20 
C. 6 thru 10 
D. 1 thru 5 

5% 
10% 
29% 
56% 

Item 41 Did the Informal group study sessions, which 
you attended and which were organized by you 
and/or others in your MOS help you to pre¬ 
pare for your MOS evaluation test? 

A. very much 34% 
B. some 54% 
C. very little 12% 

88% obtained help from informal study sessions. 

The following conclusions are based on results of the 
questionnaire along with recommended actions: 

a. A substantial number of enlisted personnel 
(28%) stated that they did not get a test aid. A large num¬ 
ber (84%) stated that they did not get a test aid a full 
three months ahead of the testing date. An MOS evaluation 
test aid availability questionnaire has been sent to selected 
Unit Commanders who are responsible for distribution of test 
aids to soldiers. Those selected were in the areas in which 
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cïïvidr?£iÎrTCîntî5e îf sol?lers stated that they re- 
test neîïod Sf ïhan 1 1/1 month8 befo^ the 
mander rPPpîvpHMant t01fln2 out when tbe company com- 
nf reî®ived bls supply of test aids, to what percent 

test aid0laÍdr5hflf WaJ),a$li! t0 8lve a Personal copy of a test aid, and what method he uses for their distribution 

î?e!e ?Y?9tlons »ill help In bringing aboSt a' 
situation which will assure that every soldier receives 

P«“g fôrthîsSte«Uable t0 hl1” a tMt ald for U9e ln P~- 

*nn™Tïf Enltsted Evaluation Center has taken effective 
Control^nfffSUre fhatJtest ald8 get distributed to Test 
dilll ln0{ÂiCeraAiTl tin,eut0 bave them distributed to sol- 
stration minthpri2r flïft day of the test adminl- 
TCO dip« no? hî ExPeditious distribution after leaving the 
TCO does not always seem to occur, however. S 

mon*. 4 u The Evaluation Data Report is a useful instru- 
MO?tiínn?eíPlí84enllSted Personnel to identify areas of their 
fi™?l?? ll i7Prove5enta About 70% answered in the af- 
rií^íí1 studies under way to determine if results of this 
neP?rî can je used t0 identify training needs in small units 
Unit Commanders will be encouraged to use the EEDR. 

c. The test aid is a useful instrument to enlisted 
ln for testing. 93% answered in the 

lnn£í«ÍÍn«‘f,Jhn*Ma acceptance of recent 
innovations for listing references in test aids. About 857 

?f£irn“tlve- Test aid format will remain 
very much as it is now. 

■ d; There seems to be a desirable balance between 

th?s? Zh° thl?!i îhere ar! t0° references (46%) and 
he? of ??fC0Uld haVe sïudled more WO. 30% said the num¬ ber of references was just right. 

ref0,.o™ eniisted Personnel (54%) have personal 
reference material. Recommendations will be made to (1) en- 

anîTAirrovoi trnih j-nstallations to use "interlibrary” service 
t?dbe h? P,S?talr ^boleai publications which seem 
to be hard to get, (2) ask Publication Centers to review 

wmÍh P?UCy °n cut‘off dates for publications requisitions 
which are given a status of "Due-Out"; (3) encourage enlist- 

reference"!ilea ??dPÍíhte í" kfepinS various publications' 
reference files and libraries intact by not removing refer¬ 
ences for their personal files and to return promptly ref- 

itaUCcZinS1?1 £°5 s!îlch fhey have signed; (?) encourage 
Unit Commanders and Education Officers to cooperate and* 
assist in providing needed study references. 

87% stated that they did not use Army ex¬ 
tension courses or sub-courses in preparing for their test. 
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Appropriate courses and subcourses are listed in each test 
aid. A recommendation will be made that the appropriate 
agency give additional information Army-wide concerning 
the availability and usefulness of extension courses and 
subcourses. 

g. 96% stated that they did not attend training 
sessions organized by the Education Officer. A recommend¬ 
ation will be made to the appropriate agency that there is 
a need for more emphasis on Education Officer organized 
training sessions to assist soldiers in preparing for their 
tests. 

h. 937. stated that they did not attend any train¬ 
ing sessions organized by the Unit Commander. A recommenda¬ 
tion that the Unit Commander give more attention to MOS 
training will be made. 

i. 787. stated t^at they did not attend any in¬ 
formal group study sessions. Such sessions will be encour¬ 
aged by recommendations to appropriate personnel and through 
appropriate publications media. 

We are convinced that information about and the im¬ 
portance of the Enlisted Evaluation System will receive even 
greater attention at all levels of command. The system is 
already a success but attention to some of the areas high¬ 
lighted by the results from our questionnaire will make 
the system even more successful. This is a good time for 
me to recall a story that happened on a golf course and 
follow the advice given One golfer said to the other, "The 
traps on this course are very annoying, aren't they?" 

The other golfer, who was trying to putt, replied, 
"Yes, they are. Would you mind closing yours?" 
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THE POSITION OF ARMY MOS PROFICIENCY TESTING IN 
AN OPERATIONS RESEARCH CONTEXT 

Raymond 0. Waldkoetter 
Evaluation and Analysis Branch 

U.S. Army Enlisted Evaluation Center 

In developing a test to measure a military occupational 
specialty (MOS), the approach has sometimes been to view the 
task as a limited interaction of testing stimulus, soldier, 
and the responses, with some filtered information processed 
out for certain selected measurement standards. Somehow this 
conceptual treatment has maintained its adequacy, but may 
have impeded the broader application of measurement data tow¬ 
ard the solution of complex personnel selection problems. 
The optimum utilization of Army proficiency testing data can 
best be achieved, in my opinion, as the Enlisted Evaluation 
System is placed in the context of operations research (OR). 

Since the Second World War's scientific and operational 
developments, when the British became exposed to very heavy 
operational requirements and had to design a comprehensive 
technique for rather immediate decision-making needs, the 
applications of the OR methodology have accelerated under the 
oressure of the growing vastness of difficult sitviations, de¬ 
manding solutions based upon something besides experienced 
military judgment. The simple explanation of OR for the pur¬ 
pose of the present paper may be stated as that strategy, in¬ 
volving the use of mathematics and statistics, in deriving 
models or equations for operational activities which make up 
the subordinate elements of an organization thereby control¬ 
ling the effectiveness of that total organization. 

The ooint may be taken as to how this approach uniquely 
differs from a Systems or Cybernetics outlook. Frankly, I 
really cannot say in this short space with any conclusive evi¬ 
dence. The similarities most likely would surpass the isola¬ 
ted differences. But to make an attempt at contrasting, I 
would hazard that OR can encompass the structural implication 
of the term Systems and the functional emphasis reflected by 
Cybernetics. 

The OR concept regarding Army proficiency testing makes 
a systems analysis of the testing process, production, and 
administration essential, with the identification of the vari¬ 
ous possible uses for test data. Within the adeouately con¬ 
structed measuring instrument one should find ana be able to 
relate data covering the essential job elements, skills, and 
training objectives necessary for acceptable job performance. 
From this information, data can be applied to those situations 
where the statistical value of test information can be util¬ 
ized to.predict the outcome of some decision, that is inher- 
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ently related to a statistical model favorably adapted to a 
personnel measurement problem. 

The decision-making processes in personnel management 
may then be aided by using much under-developed data being 
stored in the wide range of something of around 800 Army 
proficiency tests. The organizational structure must be re¬ 
garded more dynamically, in order that the collected test 
data are not forced into a narrow channel of short-term ad- 
ministrative support. Generally, an outlook and program, 
which interrelates proficiency testing into an occupational 
evaluation system or data retrieval complex, can more effici¬ 
ently use and disseminate the testing data that is appropriate 
for more than simply verifying the satisfactory assignment of 
a designated MOS. 

Let us not pursue a too cptimistic course here in assum¬ 
ing test data will fill some as yet uncharted personnel re¬ 
quirement, but still the possibilities are yet mainly untapped 
in bringing the position of proficiency testing well within 
a svstematic program of operations research. 

Creation of an OR team, that signifies a group as well 
as a procedural system, can do the structuring which will place 
the proficiency testing program in a sequential order where¬ 
by it is capable of exchanging information with other person¬ 
nel systems. The definitive steps required to effect this 
positioning consists largely of clearly diagraming and relat¬ 
ing the testing function to all the given dimensions of the 
enlisted occupational structures. The job description can 
profit from testing research in which skills may be validly 
identified; training courses may gain through analyzing per¬ 
tinent test results that validly indicate at what level cer¬ 
tain terminal behaviors must be, to predict some degree of 
acceptable proficiency; and, in assignment of personnel, test 
data may contribute to the statistical applications where as¬ 
signment is determined by various alternative skill profiles 
to maximize the use of available personnel. Such relation¬ 
ships and the resultant store of data can be repeatedly anal¬ 
yzed, updated, and transmitted to numerous users who can con¬ 
tribute or inquire to help make the operational use of the 
test data as responsive as possible to a multitude of personnel 
research questions. 

Pcsing a question, momentarily, as to the worth of the 
operations research context, wherein the better application 
of testing results miy be hoped for, I must express a strong 
affirmation for the techniques being marshalled to provide 
the initiation of an expanded operational test data usage. 
While objectives in setting up a highly integrated profici¬ 
ency testing system take on a more comprehensive character, 
they are not to be perceived as more difficult to define. 
With the diligent use of the method known by the title, Program 
Evaluation and Review Technique, or more familiarly as "PERT," 
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the best probable visualization of a program’s plans, object¬ 
ives, etc., Is capable of being diagramed with the end goals 
duly established for common agreement and convergence. 

A contextual viewpoint that positions proficiency test¬ 
ing, so that its objectives are made to specifically overlap 
with other related personnel systems, gives in turn added re¬ 
liability to the selected objectives. The products in such 
• context should then give the kind of output that is designed 
to fall within designated limits of expected performance or 
operation. 

Through the experimental involvement of operations re¬ 
search to encourage the wider assimilation and redirection of 
test data, a number of investigations surely have to be exe¬ 
cuted before the methodology will have a valid or satisfac¬ 
tory set of products. Exploring the applications of operations 
research will undoubtedly lead into the creation of probable 
situations, having contending courses of action, with only one 
course of action yielding the greatest payoff. Some sort of 
Simulation seems appropriate to delineate the effects testing 
produces, and the interchangeable data sources generated by a 
controlled system of reinforcing components of occupational in¬ 
formation. 

When reciprocating systems are all tied into a higher 
level system, where the objective is so projected to classify 
the various dimensions of data support and emphasis for manage¬ 
ment decisions, the outcome must succeed in giving a workable 
solution that will account for the principal situational varia¬ 
bles. As the optimum state of resolving proficiency testing 
problems and other related personnel requests unfolds, then 
newly constructed personnel research models are brought within 
the arsenal of advancing operations research designs. 

Upon the knowledge of imminent progress in this field, 
it would appear personnel research can only acquire certain 
kinds of information via the Army proficiency tests. Looking 
out over the field of Human Factors research, I would like to 
express a few more of my own limited observations. 

Personnel investigations are adapting to the operations 
research technique in this area. Last May I was able to obtain 
an invitation to a MORS conference (Military Operations Research 
Symposium) at the Naval Post-Graduate School, Monterey, Calif¬ 
ornia. There the Human Factors working group undertook to 
discuss applications of OR to personnel decisions. After brief 
exposure to the MORS conference it became obvious to me that 
assessment of individual and group job performance was ex¬ 
tremely critical to the concents that were being described and 
entertained for research possibilities. This extension of 
Human Factors research which feeds on individual and group 
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lob performance measures can be dependable just as lone as the 
test data are accurately portrayed and validated. 

The trend and compelling attraction for using operations 
research methodology within our testing program will lead to 
the betterment of the testing process, and the profitable ex¬ 
change with other related components of an occupational evalua¬ 
tion and information data system which is bull'; on maximum 
computer usage. 

Currently, the Enlisted Evaluation Center is eagerly 
watching events, through the Enlisted Personnel Directorate, 
at the planning level in the office of Personnel Operations, 
our principal headquarters. There a Statistical Management 
Unit is beginning to take shape and in coordination with the 
Personnel Data Systems Office wil . oversee and possibly con¬ 
trol the conduct of certain key research projects with the OR 
flavor. Such studies as an Optimized Enlisted Assignment Sys¬ 
tem, Multiple Regression Equations Used to Assign Individual 
Training, the Occupational Information Data Bank, and Central¬ 
ized Test Scoring will have highly useful consequences for the 
Enlisted Evaluation System in the months and immediate years 
ahead. However, the progress of these studies could be limit¬ 
ed in part or expanded according to developments we have made 
and will make. 

A system is not an "island unto itself" and neither is 
it totally dependent upon other activities. With the proper 
integration of test theory, computer science, well thought- 
out studies of test simulation, and worthwhile inquiries for 
data from DDC (Defense Documentation Center), the Enlisted Ev¬ 
aluation System should materially expand and prosper in being 
of "service." 

As we have acquired new insights and friendships here in 
the Military Testing Association, and at corresponding meetings 
on Military Psychology (Division 19) in the American Psychol¬ 
ogical Association, we at the Enlisted Evaluation Center, and 
our fellow testing organizations, should only anticipate many 
new horizons and uses for testing data and services. There 
should be a good deal of human appraisal going on, with the 
continuous cooperation between our military and civilian staffs, 
in the endeavor to build better testing measures while using the 
reference points of critical insight and professional stand¬ 
ards. 
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ALLIGATION AND UTILIZATION OF CUTOFF S^OPi:^, f :;0CErrjR£3 

MILITARY TESTING ASSOCIATION PRESENTATION 

Mr. Dale Baker 
US Army Enlisted Evaluation Center 
Evaluation and Analysis Branch 

The theories expounded to explain human appraisal are 
many and varied. We are proposing no new theories, but we 
have tried to make our appraisals of the enlisted man real¬ 
istic and valid. In order to arrive at an equitable solution 
for the various problems encountered in our procedure, we 
have developed a cutoff scoring system. This is exactly as 
it sounds, a system to categorize enlisted men in relation to 
their peer groups. We feel we have developed sufficient cate¬ 
gories, and evolved scoring systems complex enough, yet simóle 
enough to provide the Army with good sound management tools. 

Of paramount importance in developing our system, we 
felt it necessary to give the Army leeway to use some of the 
fine managerial practices developed through years of personnel 
testing. Yet in all fairness to the individual soldier trying 
to attain certain goals, we had to limit the perogative of 
the commanders in certain areas. We have tried to limit the 
effect of personal feelings and bias in the overall evaluation 
of a soldier. 

Many critics of personnel testing contend that tests are 
poor selection tools. We wish to stress the fact that in many 
cases tests are the most valid source of selection data avail¬ 
able. Since our instruments are sufficiently valid, we have 
found them a good method of evaluating the individual enlisted 
man. A good deal of my presentation today will deal with the 
practical application of these measuring instruments. 

By giving individual commanders valid instruments with 
which to manage, direct, and train personnel, we feel we have 
greatly enhanced the ability of the Army to deal effectively 
with the problems of promotion, verification, classification, 
assignment, and so forth. 

Three instruments are used to evaluate the enlisted men. 
These include the MOS evaluation tests (ET) which are developed 
to test the job knowledge and technical ability in most MOS. 
Further, they offer an objective method of determining the 
necessary knowledge and abilities of the men. A second instru¬ 
ment is the commander's evaluation report (CER). The CER is 
intended to provide an assessment of the soldier's job perfor¬ 
mance and potential for advancement by his two immediate super¬ 
visors. While all types of ratings assume that the rater can 
and will rate the soldier fairly and accurately, ratings oTten 
reflect the subjective biases and personal feelings of the 



rater, and thus, are not perfect. They are, however, the best 
available methods of evaluating a large number of soldiers 
performing duties for which no objective measure can be obtained. 
Correlations between the MOS evaluation tests and tho CER are 
held at as low a level as possible to insure independent mea¬ 
sures. A third instrument used for evaluating enlisted men is 
the performance test (PT). These are of limited application 
because they have been developed for only a few MOS. The tests 
which have been developed include Bandsmen, Intermediate Speed 
Radio Operator, Radio Teletype Operator, Court Reporter, Steno¬ 
grapher, Clerk Typist and Interrogator, 

A large majority of the EM are evaluated using a combi¬ 
nation of these instruments. The most common evaluation is 
based on a weighted combination of the MOS evaluation test 
and the CER. Where the performance test is applicable this is 
also combined. Two methods of weighting the components are 
used. The first system is a formula of established weights in 
which the objective evaluation test and performance test re¬ 
ceive proportionately greater weight than the subjective com¬ 
mander's evaluation report. These proportions are set on the 
raw scores, and the resultant raw composite score is the actual 
basis of the cutoff scoring system now employed. The second 
system is derived during the validation studies currently being 
done on each MOS. These weights are the beta weights which 
indicate the optimal weights each component should contribute 
to attain the highest multiple correlation. Validity coeffi¬ 
cients for each system of weighting are calculated in each 
validity study. The two systems generally yield very similar 
results. 

The final step in obtaining a score from which evalua¬ 
tions can be made is a linear transformation of the raw com¬ 
posite score to an evaluation score (ES). Simply stated the 
scores from the evaluation test and the commander's evaluation 
report and the performance test, when applicable, are combined 
into a composite score and this score is transformed into a 
corresponding score on the Army's standard scale. This does 
not change the relative values of the composite scores but 
converts them to a forced distribution based on parameters 
developed using the raw composite score. Using this forced 
distribution, on which the cutoff scores are set, promotion, 
verification, and nonverification are determined. 

Evaluation scores are those scores which denote a sol¬ 
dier's knowledge, skills, and ability to perform particular 
MOS duties. These scores range from a minimum of 40 to a 
maximum of 160. In order to be considered qualified in his 
MOS skill level and pay grade, a soldier must make a score of 
at least 70 to verify or denote his performance is minimally 
acceptable. A score of 100 means that the sold^fr is about 
average for the skill level and pay grade of the MOS. A score 
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aLlindipa?o«%KlaCeS 3 ?^dlfr in a Posicion for promotion and indicates the upper 1/3 of the group. 

cutoff1™*?!^ t0 beSf exPlain our system of scoring and the 
hPa?n duW? USe i" íhe Pro3ram> ¿t will be easier to 
begin at the bottom of the scale and work up. 

as theA»Mfnimu™CSPín°M the ?nlÍstfid Evaluation System, known 
Test Ppriid Ïk? dle W3S imPleiliented in the August Î965 
score for earh rtfS^^0nCep^t esfabI-ished an absolute minimum 
Tko mío? 2 , the evaluative instruments used in the USAEES 
inf« *10,e score has be«n estahlirhed bv HA at one 
w1thCrM?i?L!darf devlatlon above the chance mean. This agrees 

a Ík?en¿S recon™endation that in order to signify any 
0f examination subject matter, the chance score 

must be exceeded by one to two chance standard deviations. 

The minimum hurdle concept is designed to elimin^rp eh« 

Instrument1*'" '"“K ^ U' * o,, onllvaliatWe 
Senaratp ahsnTut"39^ ^°r 3 rpW score on another Instrument. 

te ab®olu^e minimum cutoff scores are established for 
each measuring device. If on EM does not exceed each of these 
"minimum hurdles (scores)," he is classified as unmîaHfied 

dîe,,risebïsed°"nEthefconb 1USet?f '"ult:lol', or "mininum hur- ute is based on the consideration that an b,M needs nt Teaqt 

^ tí (T technlcaI knowledge, as me.«u«d 
V eva^uatfon test), a minimum amount of "Y,f (nersoml 

í«alÍkÍCatÍOnS and ^oh performance, as measured bv^ the CER) 
and when appropriate, a minimum amount of "Z” ('specific iob 

torber5SSCouïÎ?f}CîenCX aS meaSured bv the ^OS performance teat) to be MOS qualified. No amount of "X," "Y," or can r imr.rn 

wlnt^ °ne °r m°re °f the °ther moalures’below the têquïred 

in« reíatíonshintw,thS,0ídÍer who.maintained nn excellent wort- 
»«Li i°28hip ith lis suPervisor and received a hieb C-’R 
eSuí^Jf ldem0n9trauted masrery of his MOS when "tested 
auired fnilMnç°re ff?VG mininium evaluation score (70) re-’ 
««li MOS verification. Likewise, the soldier with 

testeníhonrpíp?5ed°f hlS K?S 38 indicated bY His evaluation 
ïhft,4 4 re£®lved a very low CER score, could meet or exceed 
the minimum MOS verification score. eXceed 

eh« .uPder tbe present system, a soldier who fails to exceed 

mpntQlwnThaba°lïte 5C°re any °ne of L,K‘ evaluative instru* 
score of 40 rpaaíií unqualified and will receive an evaluatior 
A soldier rpn So fi6" °f h4l? s^ort,(s) on ot^r instrumenr(s). 
low Z longer verify his MOS hy compensating for a 
low score hy an extremely high score on another instrument. 

fieation^o«or«nd futoff 8et ln this system is tl*o minimum veri¬ 
fication score. An evaluation score of 70 is necessary for ¿n 
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EM to verify hts MOS. Any score between 40 and 69 Indicates 
Insufficient job knowledge, technical proficiency, or personal 
ability to be proficient in the MOS. An initial verification 
raw score is recommended by the experts in the MOS who are re¬ 
sponsible for writing the MOS evaluation test. These recommend¬ 
ations are given to USAEEC to examine, and if changes are neces¬ 
sary, USAEEC will make recommended changes. The final veri¬ 
fication score is established with the MOS monitor in conjunc¬ 
tion with representatives of USAEEC. 

If an individual fails to verify his MOS one year he can: 
a. be retained in the MOS; 
b. reclassified or; 
c. have his skill level reduced. 

A second consecutive annual failure to verify requires: 
a. reclassification if failure is in the same Primary 

MOS or; 
b. if in a different PMOS, the soldier may be retained 

until the next year and be tested again, A third consecutive 
annual failure regardless of Primary MOS involved in the three 
testings, results in the soldier being referred to boards con¬ 
vened under provisions of AR 635-209. 

Nonverification of an MOS has distinct, and possible per¬ 
manent reoercussions on a man's Army career. 

The next step or cutoff used in our system is an ES of 
100. A linear transformation of the mean raw composite score 
results in an evaluation score of 100. The projected imple¬ 
mentation date for this cutoff point will be February 1967. At 
this time, the upper 507. of the enlisted men in a given MOS, 
skill level, and pay grade will be eligible for promotion. This 
promotion will be termed a waiver promotion. This is an addi¬ 
tional tool being implemented which will give the Army a manage¬ 
ment perogative; that of promoting an enlisted man, at his com¬ 
mander's discretion, who has scored in the upper 1/2 of his 
peer group. 

An additional consideration made of all soldiers who re¬ 
ceive promotions is where they will stand in relation to their 
new peer group. A recent study of waiver promotions indicated 
that nearly 907. of the waiver promoted soldiers will fell at 
or below the 50th percentile in the next higher pay prade. It 
is not certain whether such soldiers can compete with, or attain 
equivalent technical proficiency, as those already in the grada 
into which they have been promoted. However, if the commander 
feels a man is qualified despite his scores on the evaluation 
instruments he will be able tc recommend promotion. 

The final cutoff in this system is the minimum qualifi¬ 
cation promotion score. In order to be eligible for promotion, 
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A «oldt.r îüîî ,Ît*1Si.în *w*luAtlon score of at lease 110, 
«r“ hi. »s ;;°r*i* “«•‘■»•«i higMy 
1/3 of th» nerlftnnæî ^ïiîÎ ma<^e to lnclUÍ*e only the upper 
pay era de SSÍÍ/ÍÍÍÍ” îny Slï®n M0S» 8kU1 level. 
the onenlño no late promotion unless 
1s a9ÎÎ»38fîïlÎÎ * tn® Portability of the Individual 
anawîïr Ln-eu!niulr® ycar* The Promotion, In the final 

^uslïflêá il SU '¡LlîVfTl'&l™? ‘Wng th0’# Wh° h,V* 

e enlisted 
higher pay 
Is âl least 

pay grade. 
11 below the 
requirement 
given MOS, 
well above the 

men ^sidération of promotabl 
^ ^î7 at5nd ln elation to the next 

e«ír-hfrírÂÍíy* th® Up,îGr 1/3 of a PaV 8«^e 
Í1 Í2 the upper 1/2 of the next higher 

mein Sf 8lV®n t0 Ca8es whl*h fa 
noíalMv îïf îl85er 8ïad®- ^18 additlonal may possibly eliminate a few Individuals In anv 

™ango?et£ilLV£?rE 0f 110 pUces mean or the next higher pay grade. 

evaluation DATA REPORT 

H SÄ ^rtcHer ssfr- 

¿n/onlZ MOS^valuatIon'test 
of the evaluation test called íío.5 

ûci""* î TrA^vvs.h}níe Mecha.nic i2 cL.™5:uirs^.,For 

ÏÎP-epr«enMÎÎnaldCrbUSîl0n En8lnes an” ^xtílar^ S^lp««- 
rLC.Pr? ïl°? and Or?antzatlonal Maintenance of Internai ’ 
SÂland S?«nî,:M ««trlc.l Systems ; vf^re- 
Train Malntenance on Chassis and Power 
vlhîcl«* TÎ^l5ï? VIo- 0P*raclon and Maintenance of Recoveiv 

«U típl^e^L: 
«ïon't.st ScwÎdîVto'fWe'dtiuLrcir °f îh* 
(VH) High (H). Typfcal (Ü: Lovt(L)^ 

les give each soldier his relative standîne wîîhin^h cate8or- 
being reted. In essence, th. 

EVAIWATION TEST PR0FT1.K SUMMARY REPORT 

Evaluation test profile summary report possea^es man« „f 
the „me char.ct.rlatlc, aa the ÄdSl IZZnLlZ L 
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The idea of making summary profile comparisons by subject 
matter areas can now be made between different levels of com¬ 
mand groups to aid in determining the various strengths and 
weaknesses of each. This comparison is accomplished by deter¬ 
mining the percentage of enlisted men in the selected group 
which score significantly High, Typical, or significantly Low 
in each subject matter area, and thus comparing these summary 
percentages to the expected standards. 

The profiling for this evaluation test profile summary 
report utilises the same methodology except the two extreme 
categories on each side of the scale have been consolidated. 
Reducing the number of categories enables one to more readily 
note significant trends. The individual EDR you will remember 
had five distinct categories with each accounting for approxi¬ 
mately 20% of the population in each category. The consoli¬ 
dated form will consider the Very High and High categories as 
one category accounting for 407. of tne population, Typical 
will still remain 20%, and the Low and Very Low categories as 
one category accounting for the other 407.. 

In interpreting the results, one should consider a pat¬ 
tern of trends which may be Indicative of very good or very 
poor performance. Hopefully some idea of the training special¬ 
ization needed to correct significantly low subject matter 
areas can be attained and the proper steps taken to correct 
the situation. 

SUMMARY 

In summary, the concept of a multiple cutoff system has 
been incorporated into the US Army's MOS Evaluation System. 
Each of the cutoff points plays a significant role toward the 
accomplishment of good, sound management decisions on ttv* part 
of commanders and trainers. Through proper application of the 
Enlisted Evaluation System, ail enlisted personnel can be as¬ 
sured of an objective evaluation, against Army-wide standards, 
of their qualifications. They can be assured of equitable 
treatment in the development of their career program. Each new 
development in the system should prove more conclusively than 
ever that each soldier's chance of advancement is limited only 
bv his individual worth. 

50 



ARMY EXPERIENCE WITH FIELD SCORING OF PERFORMANCE TESTS 

Charlut D. Roberts 
US Army Enliste^! Evaluation Center 

1. This paper contains a brief discussion of the Army's 
experience with field scoring of MOS performance tests In four 
areas: Typing, dictation (stenography), court reporting, and 
music. 

2, Typing Tests, 

a. The typing tests consist of short samples of 
military correspondence such as letters or disposition forms. 

b. These tests are scored by test control officers 
and their assistants. They follow detailed Instructions re¬ 
garding scoring procedures which are published In the admini¬ 
stration and scoring manual. 

c. The examinees are required to type the material 
in the test line for line. This requirement Is designed to 
simplify scoring. 

d. Several spot checks Indicate that scoring is 
generally reasonably accurate. 

e. The clarity and completeness of the administra¬ 
tion and scoring manual Is crucial to the success of these 
performance testi. 

3. Dictation (Stenography). 

a. The dictation (stenography) tests consist of 
short samples of military correspondence which have been re¬ 
corded at the speed appropriate to the MOS on magnetic tape. 
The examinee records the material played by the tape recorder 
and then transcribes his notes with a typewriter. The use of 
any system by the examinee except the stenomask is authorized. 

b. These transcriptions are scored by test control 
officers and their assistants. They follow detailed instruc¬ 
tions regarding scoring procedures which are published In the 
administration and scoring manual. 

c. Only certain scoring elements (which are under¬ 
lined In the manual) are scored. The scoring elements consist 
of phrases and short sentences. 

d. Several spot checks indicate that scoring is 
generally reasonably accurate. 



e. The clarity and comoleteness of the administra¬ 
tion and scoring manual Is crucial to the success of these 
performance tests. 

4, Court Reporting. 

a. The court reporter test consists of excerpts 
from an Army courts-martial which have been recorded at the 
speed appropriate to the MOS on magnetic tape. The examinee 
records the material played by the tape recorder and then 
transcribes this material with a typewriter. The examinee Is 
permitted to use any system he desires. Host employ the 
stenomasU. Direct recording Is not authorised. 

b. This test is scored by highly qualified personnel 
at The Judge Advocate General's School. Gunerally all of the 
Scoring is performed by one person. This, of course, makes 
for consistent interpretation of the scoring rules. These 
procedures are published in a scoring manual. A thorough 
check on the scoring of this test has been conducted by the 
USAEEC. This study revealed that the scoring was highly 
accurate. 

c. Only certain parts of the case transcribed by 
the examinee are scored. Analysis has revealed that the score 
achieved on this sample is very highly correlated with the score 
achieved on the total transcription. 

d. Here again, the clarity and comprehensiveness 
of the administration and scoring manuals are crucial to the 
success of this performance test. A report of test conditions 
from each test administrator enables us to get insight regard¬ 
ing the quality of the administration manual. 

5. Music. 

a. The bandsman performance test consists of two 
parts — an advance preparation test and a sight reading test. 

(1) The advance preparation test contains 
music which is somewhat challenging to the examinee. This test 
is distributed to the examinee at least thirty days prior to 
the day on which he is tested. 

(2) The sight rending test contains music which 
is less difficult than the advance preparation test. The 
examinee is only given a few minutes prior to being tested 
to examine the music. 

(3) The examinee records both tests on magnetic 
tape. 

b. The examinee's recordings are scored by a Bands- 
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man Evaluation Board, Eight boards have been organized to score 
these tape recordings. Each board consists of three qualified 
band officers. Each recording is scored independently by the 
board members, A scoring work sheet is employed by each board 
member to assist him in achieving uniformity, objectivity, and 
exactitude. This scoring worksheet is designed for ease and 
facility of use. It is designed to enable the board members 
to concentrate on the music. 

c. Comparison of boards and of members of boards 
with each other indicates that the scoring is generally reason¬ 
ably uniform. For example, a study of scoring of a 25 member 
band by a board produced the following Spearman rho correla¬ 
tions. 

(1) Member A vs Member B on AP Test .942 

(2) Member A vs Member C on AP Test .882 

(3) Member B vs Member C on AP Test .945 

(4) Member A vs Member B on SR Test .956 

(5) Member A vs Member C on SR Test .965 

(6) Member B vs Member C on SR Test .983 

d. The clarity and completeness of the administration 
and scoring manuals is crucial to the success of these perfor¬ 
mance tests. Also, the design of the scoring work sheet is 
most important. 

6. Conclusion. 

a. Field scoring has been generally satisfactory, 

b. The most satisfactory scoring is achieved in 
the professional type MOS such as court reporter and bandsman. 

53 





AN APPROACH TO THE MEASUREMENT OF SUPERVISORY SKILLS 

William W. Wance 
U, S, Army Enlisted Evaluation Center, Fort Benjamin Harrison 

Indianapolis, Indiana 

IMOTÇTW: 
After giving the measurement of supervisory attitudes 

and skills considerable consideration, I began asking my¬ 
self this question, "Why can’t this area of human behavior 
be less complex and more easily evaluated"? Then I remem¬ 
bered how easily a plant section chief had handled a pro¬ 
blem of replacing one of his foremen who had died. A brash 
young chap, who didn't have much chance of getting the pro¬ 
motion, asked the section chief if he could take "poor John's" 
place. To which the section chief replied, "It's alright 
with me if you can arrange it with the undertaker," that, 
of course, is oversimplification of supervision. 

The comments I intend to make today v¿ry likely will 
contain little astounding or new material; however, I be¬ 
lieve a look at the systematic approach we in the Enlisted 
Evaluation Center used in trying to crystallize some of our 
thinking in this area will prove to be a beneficial review 
for all of you. 

BODY OF REPORTî 

A critical look at our approach to the measurement of 
supervisory skills revealed that the following three major 
points were bothering us: 

1. The test outline subject-matter descriptions. 
2. The number and type of supervisory items we possessed. 
3. The type and adequacy of available study references. 

My presentation will be concerned mainly with what we dis¬ 
covered while taking a critical look at these three areas 
and what we are doing in an attempt to improve our measure¬ 
ment in the area of supervision. 

First, in studying the test outline subject-matter 
description, we performed, basically, what might be called 
an "atmehair" content validity study - although we did study 
a small amount of data from test validation and factorial 
analysis studies which are now becoming available from our 
Evaluation and Analysis Branch. The "armchair" term is 
appropriate since we did not perform any direct job analyses 
but studied pertinent job information and supervisory studies 
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already available. Now, I would Like to describe briefly 
the job content information included in our investigation. 

The Army enlisted job descriptions identify the skill 
level M4M NrO's generally as leaders whose jobs involve 
relatively detailed knowledge of the tasks performed at all 
subordinate apprentice and journeyman levels in order to 
coordinate and give direction to work performed. Also, the 
skill level "S" NCO's are identified generally as super» 
visors whose Jobs involve a broad, general knowledge of the 
tasks performed at all subordinate levels in order to co¬ 
ordinate and give direction to work activities. 

Next, we took a look at the Army manual on "Military 
Leadership" (FM 22-100). It gives the following description 
of supervision: 

"A good leader will undoubtedly find that he 
will spend much more time in the supervision 
of action which is underway than he will in 
the formulation and issuance of actions and 
orders. To supervise properly, he must de¬ 
velop sufficient proficiency in the area 
which he is checking to be able to recognize 
whether the work is proceeding satisfactorily. 
He must accomplish supervision in such a 
manner that the progress of work in support of 
actions and orders is checked without unduly 
harassing subordinates." 

A more specific look at certa’.r MOS descriptions re¬ 
vealed the following key words and phrases as evidence of 
what is expected of the superivisory NCO: 

Fpy a Maintenance Sypegyi^y - 

Must be able to plan and instruct on-the-job 
training*** 
Must be able to organize and supervise*** 
Must be able to effect liaison*** 
Must be able to coordinate*** 

For a Nike Maintenance Chief 

Must be able to organize and supervise*** 
Must be able to coordinate*** 
Must be able to conduct on-the-job training*** 
Must be able to apply sound management principles 
coordinate***, and maintain a high level of 
unit cooperation*** 
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l2I fl fMíicJ ÀTUiUrv Senior Serpeam 
Must be able to plan, coordinate, and supervise*** 
Must be able to properly evaluate*** 
Must be able to evaluate and relate*** 
Mu?C b?.?^le.?? Possess a high degree of leader¬ 
ship ability***, skill in leading men, and direct¬ 
ing group activities*** 

These extracted key words and phrases help to give the 
general tenor of what the Army expects from its super¬ 
visory NCO's. K 

Next, we looked at thirty-three "Supervisory** test 
qK?Sïi0nS statistically significant validity indices 
which were identified in six validation studies of MOS 
evaluation tests. The following three test item stems are 
samples of the thirty-three studied: 

(Show Viewgraph #1) 

j A subordinate questions the wisdom of your 
decision. What action should you take? 

2. Your unit has a low court-martial rate. This 
situation is probably a result of which factor? 

3. You are chief NCO of a maintenance section 
whose interests conflict at the moment with those of 
another section. You and your counterpart in the other 
section decide to talk over the conflict. What can BEST 
be accomplished by such a meeting? 

^ u Th? thirty-three validation study test items appeared 
ï?,.?e/î,lated t0 an asPect of supervision which could be 
titled "inter-personal relations". 

Following the look at the validation study test items 
we looked at six "Supervisory" items with high factor load¬ 
ings which were identified in a factor analysis study of 
^îU?eÏYt8?ry 8uiU level in the Medical Specialist MOS. 
he following three test item stems are presented as samples: 

(Show Viewgraph #2) 

D^rln8 on-the-job training programs, the 
demonstration of an operation to beginners should be 
followed as soon as possible by -- 

-11 u J?' ^As ?n N?° you a 8Pecfal effort to assist 
all subordinates in the performance ut tneir dutUs. ïou 
reel it is your duty to oversee their wwrk constantly and 
ÍÍ-íeÍy* . Juc?Jr,nore» you are convinced that you can achieve 
e results if you personally decide how all work is to 
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be done. What effect Is this behavior MOST likely to have 
on the operation of your section? 

3. When making a decision 
LEAST consideration to which of the 

, you should give the 
following? 

As in the case of the validation study test items the 
factor study items appeared to be related to the "inter¬ 
personal relations" aspect of supervision. 

After having looked at some of the major Army MOS 
sources related to supervisory job information, we decided 
to look at a few civilian industry sources of such in¬ 
formation; especially factor analysis results if they could 
be found. One interesting article was found in the 
lournal of "Personnel Psychology". (Vol. 9. No. 4, Winter 
1936) this article was titled: "Factor Analysis of Rated 
Supervisory Behavior." A pertinent paragraph from that 
article states as follows: 

"One of the major problems in the selection, 
evaluation, and training of supervisors is 
defining the skills, attitudes, and abilities 
required for effective job performance. 
Certain abilities such as technical knowledge, 
scheduling, procedures, etc. may be readily 
apparent, while many of the skills and 
attitudes involved in the inter-personal re¬ 
lations with employees and management per¬ 
sonnel may be difficult to determine." 

Fifteen factors emerged from the analysis. They were: 

(Show Viewgraph #3) 

1. Open-Mindedness 
2. A General Bias Factor 
3. Personal Compliance 

*4. Job Knowledge 
*5. Direction of Employee Performance 
*6*. Rewarding Performance 
7. Company Loyalty 
8. Cheerfulness 
9. Acceptance of Responsibility 

10. Group Spirit 
11. Approacnability 
12. Personal Drive 
13. Impartiality 
14. Poise 
15. Consideration 

The lob knowledge aspect of supervision is the one usually 
included in paper-and-pencil tests of supervisory per- 
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vision is naturally^or^dif f ic6] ath°nS asPect of super- 
numbered 5 and 6 ar*» *icult to measure. Factor«? 
in Chis arta of inter-pcrsonal°rpfC,?neS tanSible enough 
selves readUy to Pap^Sjll^Xg? ^ ^ 

re^1?^ K°r ef^ectlv^aupervlsory ’ lob*"11”8^88 * and a““ revealed by the National M,í. y -1°13 Performance wa« 
study of 86 companies? iSnffSf Association after a 
supervisory pitLll, ievealed^^eS^dyiU“ °f SÍX 

bilities 

(Show Viewgraph ^4) 

With Other^ManagementrpeopleR8^8ti0nS Wlth WorkeiS or 

ini tiative^Emot Iona ^Instabil icy ’ Such as Lack of 
Point of Vléw.LaCk 0£ Understanding of the Managerent 

and Effort to Improve?8"885 C° Spend the Necessary Time 

Work. 5- Lack of Sklu I" Planning and Organiaing 

Conditions?' InablUty to Adjust to New and Changing 

aspect'ofSupereis foreheadshthishliscrofn?itfa[ag£°nS 

Just re?ie?ed?0?Krel lnfor"eclon we have 
u supervisory skills b*camf evident: (?) 

expected'^r auPervÍso?y ¿¿0^ lo^e^^ohfc'gefsonjll^ 
^it Í r heipTp^“ ‘ rsS: 

supervisory NCO performfnce^inf conditi-ons of 
able indicates that a good suDerviroíÍO?i freSently avail- 
iSf^rtÍng lnd^-vidual and g?oín neífoi :T,ore time 
informing subordinates concerning Í ?CeLthan in 
in following up on performance. 8 h C ÍS tr be done or 

is already'accounted"??8'in^uc^of aSp8Ct °f supervision 
testing, „e decided to make ???,?, °ur paper-and-pencll 
inter-personal relations" asoect nfPt t0 if°iate the 

versions a“8a‘ ™ 

8 SUPerVlSl°n °ften bad b«n a^blending8?!athe8technical 
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knowledge and the "Inter-personal relations" aspects of 
supervision. For the area of Supervision (Inter-Personal 
Relations), we decided upon the following three major 
subheadings: 

(Show Vlewgraph #5) 

1, Informing Subordinates Concerning What Needs 
to be Done. 

2, Promoting Individual and Group Performance. 
3, Following up on Performance, 

As an Interesting comparison, we can look at the three main 
elements of The Management Cycle used by the American 
Management Association In an Intensive Supervisory Develop¬ 
ment Course. The elements are: 

(Show Vlewgraph #6) 

1, Planning 
2, Action 
3, Control 

An obvious result of the comparison Is the high degree 
similarity In the two lists of supervisory elements. 

Our complete test outline subject-matter description 
for "Supervision (Inter-Personal Relations) contains addi¬ 
tional detailed and descriptive subject-matter under each 
of the three major subheadings we just reviewed; however, 
the coverage of these details Is not Important to this 
presentation. 

A last point to be made about the test outline sub¬ 
ject-matter concerns the matter of “Item weighting" for 
the three major subheadings, l,e, assigning the number of 
Items to be written for each area. Based upon the back¬ 
ground Information we studied, It appeared appropriate, on 
an "a priori" basis, to assign twice as large an Item weight 
to the subheading "Promoting Individual and Group Per¬ 
formance" as to each of the other two subheadings. The 
weighting structure will be checked further as empirical 
data become available. With the weighting factor deter¬ 
mined we have covered the basic handling of the test out¬ 
line subject-matter by the US Army Enlisted Evaluation 
Center. 

Next I would like to make a few comments about se¬ 
lecting and developing a "bank" of 200 supervisory test 
Items appropriate for the revised test outline subject- 
matter. I think all of us are aware of the difficulties 
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encountered when we attempt to construct items to evaluate 
supervisory abilities. We at the USAEEC were not too happy 
with the content of some of the items we had and with the 
number of items from which we could select in order to 
have alternate sets of supervisory items. In looking for 
items to fit our revised test outline subject-matter, we 
found the following sources and selected, revised, or de¬ 
veloped items appropriate to the test outline requiremnts: 

(Show Viewgraph in) 

1. USAEEC Supervisory Items Presently Being Used, 
2. Army Adjutant General's Management Course 

Test Questions. 
3. MOS Validation Studies. 
A. A Factor Analysis Study. 
5. New Items Constructed by USAEEC Test Special¬ 

ist . 
6. Air Force Supervisory Practices Test. 
7. Air Force Squadron Officer Course (Nill) 

Test Questions. 
8. Navy E-8 Test Which Included Some Supervisory 

Questions. 

I would like to discuss briefly a new and novel type 
of test item included in the "bank". It is a situation 
type item designed to have the examinee "project" his 
supervisory attitude or skill into the answering of the item 
without being aware tnat he is relating information about 
his supervisory behavior. The following is a sample of 
such an item: 

(Show Viewgraph #8) 

SITUATION: 

Sgt Yankee is an instructor of a special course on 
"Leadership for NCO's," Sgt Mike, a member of the class, 
monopolizes the class discussion time and prevents adequate 
participation of others in the class. Sgt Yankee has 
tried various methods to reduce Sgt Mike's talkativeness 
in the class sessions but has not been very successful. He 
decides to talk personally with Sgt Mike about the problem 
he is creating. The discussion begins with the following 
comments. s 

Sgt Yankee: "Sgt Mike, I would like to discuss the 
type and amount of classroom participation which we have 
had in our Leadership class. I think you are aware that 
you do a great deal of the talking which occurs during the 
class session. I appreciate your willingness to participate 
hilt" -_•' * 
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Sgt Mike interupts Sgt Yenkee: "Oh, sure. I'm aware 
of it. I'm very much interested in the course and the other 
fellows don't seem to have much to say, so, I make my 
contributions." 

Sgt. Yankee: 

(Show viewgraph #9) 

Assume that you are Sgt Yankee with the information 
and conditions stated above. What would be the BEST responte 
to make to Sgt Mike at the point where the interview stopped? 

A. "Well, getting participation from all members 
of the class is part of my job as instructor." 

B. "What do you think we could gain by giving the 
others a little more time to talk?" 

C. "Don't you think the others may desire to talk 
but are usually cut off by you?" 

D. "Individuals differ in their aggressiveness 
in the classroom situation. Some need more encouragement 
to participate than others." The "situation" part of this 
item was designed such that the supervisor was not given all 
the facts or information necessary to reach an immediate 
decision or solution to the problem. He had to recognize 
this lack of information and also sense what would be the 
next best response to give to draw more information from 
the interviewee. Based on these two conditions, the best 
response to the sample item is "What do you think we could 
gain by giving the others a little more time to talk?" To 
those who are acquainted with "non-directive" counseling 
or interviewing techniques you will note a great amount of 
similarity. 

One might suspect that examinees would "catch on" to 
the built-in projective technique used if such items were 
presented in a series in a test; however, a group of six 
editors and one female supervisor of typing personnel 
answered ten such items in a series and none (otected the 
similar "projective technique" which was inherent in each 
item. In an ordinary test such items would be mixed with the 
more conventional type of items and, therefore, would be 
even less subject to having the pattern detected. None of 
these items has been tried out empirically but we hope to 
obtain positive results along with trying something differ¬ 
ent . 

It is my sincere belief that any major "break throughs" 
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\n the structure of multiple choice test items to evaluate 
personality characteristics or the attitudes and skills re¬ 
lated to "inter-personal relations" of supervision will 
come through the use of some sort of "projective" type test 
item such as the one just described. The surface appears 
to have been only scratched in the area of test item 
structuring. 

Now, for a few comments about the last of the throe 
major points 1 set out to discuss, namely, "The type and 
adequacy of study references available to cover the area 
of supervision for the NCQ level of performance." We soon 
became aware that we were at a disadvantage in this area and 
I was reminded of the story about the golfers. A foursome 
of golfers barely had begun their game when they noticed 
a shapely, nude girl come dashing across the greens nearby 
followed by four men dressed in white coats. One of the 
golfers managed to get the fourth man stopped to inquire 
about the unusual performance. The man in white answered 
that there was a mental institution a short distance away 
in which the girl was a patient. Periodically, she got a 
desire to undress herself and run away. The golfer replied 
that the explanation sounded very logical but he was still 
curious about the third man in white who was carrying a 
bucket of sand, "Oh, that's very simple replied the man 
in white. "That's his handicap he caught the girl the last 
time." 

We are handicapped by lack of adequate study reference 
material for the "inter-personal relations" aspect of super¬ 
vision appropriate to the NCO level of supervisory per- 

The rnaJor Army reference is a field manual (FM 
22-100) titled "Military Leadership." This manual is not an 
especially good one since the material is slanted toward 
the officer or "commander" level of performance. Also, a 
large portion of the material refers to the less tangible 
factors of supervision as far as paper-and-pencil testing is 
concerned. Several non-resident instruction courses contain 
material either directly or indirectly related to inter¬ 
personal relations appropriate to NCO performancej however 
this study material is not available through normal DA 
publication distribution channels and it gets listed in 
the test aid study reference listing only as suggested 
study material. A disadvantage of much of the pertinent 
non-resident instruction material is that of being written 
at a level above the normal operational level for a super¬ 
visory NCO. For example, the term "management" can have 
many interpretations or meanings depending upon the back¬ 
ground of the individuals using the term or the particular 
environment or setting for which the term is serving is a 
referent," Normally, enlisted personnel think of the term 



"management" as referring to the officer level and civilians 
think of it as referring to the executive level. 

A formal suggestion has been submitted through channels 
in an attempt to stimulate the development of a more 
appropiate Army manual for the subject-matter area we have 
been discussing. In the meantime we would like to make 
an appeal to each of the other Armed Services represented 
here today to inform us of any appropriate reference material 
their service has available for the NCO level of super¬ 
visory performance. In fact, we art- willing to do some 
horse trading" by exchanging a copy of our compiled "bank" 

of supervisory items for copies of pertinent references 
related to the area we have been discussing. 

In this presentation I have attempted to give you rome 
of the recent USAEEC thinking and action taken in the fol¬ 
lowing three major areas: 

1. The test outline subject-matter descriptions. 
2. The developing end compiling of a "bank" 

of supervisory test items. 
3. The identification and tentative solution of 

the study reference problem. 

1 realize that in a highly complex area such as 
supervision" we vary greatly in our viewpoints and beliefs. 

However, I immediately think of the frequently made comment 
that if two individuals or two parties are working and 
thinking in the same subject-matter or problem area, and 
if both parties are in complete agreement there very likely 
is no need for one or the other of the parties concerned. 
I prefer to believe that each of us is needed in our r^soective 
evaluation efforts. 
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ABSTRACT OF PRESENTATION 

Dr, Charles A, Pounian 
Personnel Officer, Chicago Civil 

Service Commission 

centríieD««LñíiChlCa?0,«Clvlí S«"1«® Commission Is the 
mini T? ? u1 aSer-cV for the City of Chicago govern- 

ployêes ofathÍ rÍ* ]Urí9¿ÍCtlon 0ver the ^-tlacSlng em- 
? rn 8°f TM0B?di0f Educatlon and the Chicago City 
olleges. l.iis Involves a total of about 48,Où!) employees. 

The City of Chicago has been faced with a diffimi«- 

pastUsÍvÍ™iPr0blem f?r the P°8ltlon of Patrolman for the 
p st several years, A particular aspect of this problem 
*** £?en the Inability to obtain the services of Spanish 
nf °^*c®rs sufficient numbers to meet the needs 

in May of lOfiô^^th^SÍV TkIS sltuat:lon was dramatized 
vest lid! nf rv,?V th dl5turbances in the areas on the north- 

ïplakïne citi^íÍÂ8°T?r 0rnJn?ntîy Populated bV sPanlsh 

“i; ä":*' tS* 
Pnl4nlhn C-Víl Service Commission, working closely with the 
ÊicaS coSZÎÏTÎA C8tab¿lsh®d a liaison Sith the Puerto 
Klcan community in a number of ways in order to solicit 

eerlonatheSDÍlÍÍ*lf lnterefln8 young Puerto Ricans a car- 
eer on the police force. In April 1966, prior to the di« 

ÏÂveïïl^itïÂ?^81^» the Conmis8i™ had already 
nînMoi ïî1 actlons which made it easier to attack the 
fniïî * Tîi Eommissl-on announced that the Patrolman exam- 
nerini?n ^ ?lven on a weekly basts for an indefinite 
period. The examination had been given only everv three nr 
four months prior to this. * Y ^ th or 

i thls tlme the physical standards were reviewed and 

ered fromaV8»e?nesÎ7MA height requirement was low¬ 
ered from 5'8" to 5'7". This change in partlculir alln^Jï 
a much greater number of Puerto Ricans to qualify for the 

ÖÄÄp I”1? hel*ht 18 ?he l^elt ?or the 
position of Patrolman in any major city in the United States. 

The Commission also began work on a pamphlet which uHli 

specific^terioÎtenï0 Pr°8Pectlve Patrolman candidates on 
îhroo ™ 1 content of the test. The booklet will give 
ín the ÍÍTfle9 °í fachuof the six different kinds of ?tems 
on the test, explain them and then give the correct answer 
together with an explanation as to 5hy It was "rrLt ^ 
the other answers were incorrect. Th£ purpose if dÜeîSping 
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this material was to acquaint persons who were not familiar 
with multiple choice material with the type of material 
they would find in the test. Patrolman candidates raised in 
Urge metropolitan areas in the United States such as Chicago 
are very familiar with multiple-choice testing. However, 
American citizens from Puerto Rico are not accustomed to 
multiple-choice testing. Because of this they operate at a 
disadvantage in the testing situation which we feel will 
be reduced through careful review of our pamphlet. V/e are 
also translating this pamphlet into Spanish (with the ex¬ 
ception of the test items) in order to give as great an 
understanding to Spanish speaking candidates as possible. 
While the results of our efforts have not been dramatic there 
has been a steady increase in Spanish speaking Patrolman 
candidates and therefore a greater number of eligibles. 

The Chicago Civil Service Commission has traditionally 
used an education and experience rating on original entrance 
examinations. In recent years we have re-evaluated our test- 
ing techniques to make sure we were not eliminating people 
for reasons other than the ability to do the job. As a re¬ 
sult of this re-evaluation we have dropped from Cv nsideration 
education and experience in a variety of original entrance 
examinations including Patrolman, Firefighter, Typist and 
Junior Stenographer. In the case of Patrolman and Firefighter 
we are attracting persons who are capable of benefiting from 
an intensive training program. Our mental abilities exami¬ 
nation in these areas has proved to be an effective predictor 
of success in the training academy for these positions. In 
a recent study of Patrolman candidates, 657. of persons with 
at least some college credit passed the Patrolman test and 
were placed on eligible lists. Approximately 357. of those with 
high school but no college passed the test, and 207. with 
less than high school graduation passed the test. Based 
on previous standards these high school drop outs would have 
been rejected; however, they performed better on our exami¬ 
nation than many pensons with some college training. In 
the case of Patrolman we have used this approach for approxi¬ 
mately five years to tne satisfaction of the Chicago Police 
Deoartment. We have actually raised our mental ability 
standards, but because we have broadened our potential popu¬ 
lation, we are able to attract more qualified candidates 
than before. 

Our policy of eliminating the evaluation of education 
on Patrolman examinations has been extremely helpful in our 
attemots to attract Spanish speaking police officers. Many 
Puerto Ricans who applied for the examination are high 
school drop outs who would, under the old standards, be 
éliminât 1. Tn fact, a private consulting firm which under¬ 
takes an independent evaluation of police applicants with 
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recommendationPuett^RlíL*^^®“0" î‘Ve lts hlShe« 
out. This candidate who n-r^t ,1° w*? a hi«h school drop 
would not have been ionslde’red unte/the o^d^tanCds"® 

determine clerical^ahilir^^631?1111^1008 we are able t0 
take shorthand, as required bvPthf and/or ability to 
introduction of an education^ J0biln ^estion. The 
As a practical matter the preat nlrr reai1y unnecessary, 
candidates for these jobs are hl£h ÎütÄ?e °f 8uccessful 
orous testing procedure ellíinflílh f^00^ graduates. The rig 
capable of performing the duties. ^ persons who are not 

technltuertoamíktPtú«brta“y„rdrnotW ““r. standards and 
the selection process „ho are capable of ^S^"0"^" 

Is artlflc"aU*SÔthereevaïuatlorir °h <lRh sch001 graduation 
better job of discrimlmiMtecbniques found do a much 
unqualified candidates?atl0n "et:Ween the and 
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SYSTEM ANALYSIS APPLIED TO PERSONNEL RESEARCH 

J. M. Keenan 
Stanford Research Institute 

The application of systems analysis to personnel re¬ 
search should lead to optimization of job satisfaction for 
the individual, on the one hand, and increased efficiency for 
the organization on the other. Since a Large percentage of 
system eiror has been shown to be due primarily to the human 
factor, behavioral scientists should be called on to study 
the problem of human variance. From a cost/benefit viewpoint, 
concentration on the human component as a cause of variance 
in systems behavior produces maximum economic returns. An 
analvsis of the relationship between individual and »culture'1 
profiles should facilitate the process of matching men with 
jobs in an organization. A close look at current job selec¬ 
tion procedures (testing techniques) may also indicate a need 
to restructure certain aspects of the organization. 

Systems Analvsis--the Long Run View 

One of the better concepts of systems analysis is: 

. . . operations research is designed to optimize 
around resources and constraints at the moment; sys¬ 
tems analysis attempts to take a larger, long run 
view by integrating elements from outside the local 
svstem with the constraints placed on the existing 
system. It then examines cost/effectiveness methods 
of changing these constraints,* 

In general, the elements of systems analysis are: ident¬ 
ification of an objective, identification of alternatives, 
examination of costs, a model of the system, and a specified 
criterion function. 'Hie analysis is then iterated. Models 
enable us to handle multivariate optimization or, in cybernet¬ 
ic terms, to cope with exceedingly complex probabilistic sys¬ 
tems. The current state of the art is such that it is now 
possible to examino organization systems with the tools of 
systems analysis. 

Svstem Variance lue _t > Hni..an Error 

The ultimate objective in using systems analvsis in 
personnel research is tl.o matching of men and jobs to the 
optimal joint satisfaction of individual and organization. 
As the physical and en^vneerine sciences increase the precision 

* Jack Stockfisch, Special Assistant to the Chief of Staff of 
the Army. 
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and accuracy of their predictions, It becomes evident that 
the major source of variance in systems behavior is due \:o 
the human component. Scientists are interested in develop¬ 
ing better techniques for handling the indistinct problems 
inherent in ail areas where human behavior is a major element. 
Descriptive and predictive models of organization behavior 
have been developed for this purpose. 

The continuing dissatisfaction with the behavior of 
complex organization systems leads to appraisal of human per¬ 
formance error or assigning of blame. If the world was binary, 
comprising people who w'jre either "winners" or "losers," there 
would be a simple, probabilistic model for the personnel 
assignment problem. Unfortunately we are required to make 
juds.. ...Js that imply uiteival scale of uieaauieiiieut» based 
on sorting devices that tend to be nominal at best. The basic 
argument presented here is that the major function of apprais¬ 
al is descriptive and should be concerned with attacking the 
problem of variance with maximum efficiency. 

The greatest amount of variance probably can be account¬ 
ed for bv values, goals, and personality traits. The huoan 
tendency to attack simple, but perhaps trivial, problems could 
lead to extensive arguments on research strategy and inductive 
and deductive logic, and, in fact, these arguments may have 
been very relevant ten years ago. Today information technol¬ 
ogy is sufficient to handle large scale, complex design. For 
example, Saul B. Sells (1964), at Texas Christian University, 
is working with a factor analytic structure of personality 
involving 600 variables. He presumes the model to be highly 
redundant but when problems of this scope can be handled by 
modern computing methods, "fishing" expeditions become inter¬ 
esting. 

On medium-sized computers, fairlv large scale stepwise 
multiple regre“sion and multiple discriminant models can be 
handled. Considering the exceedingly rapid computation time, 
a thoughtful research design and multiple runs will allow the 
researcher to handle many more variables than the 50 to 100 
that are routine on general purpose library programs. 

The major problem is one of optimal matching of men 
and jobs--selection«--based on more sophisticated systems than 
have been utilized previously. We are using rather gross, 
operationally defined criteria for personnel allocation. For 
example, the criteria for selection for officer training tend 
to be crude, with unknown relevance to long term performance 
(e.g., the high attrition rate). Also there are seldom upper 
level cutting scores on intellectual ability or other dis¬ 
criminations of this type. 

Is ongoing appraisal the answer? Perhaps this question 
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be?s the issue. The process of selection and matching may be 
the problem, rather than performance appraisal, which should 
only be employed for error correction and identification of 
growth. To reiterate, we can account for more variance by 
examining selection procedures rather than appraisal orocedures. 

selection is made properly on some sort of optimising basis, 
appraisal will not be a particularly significant portion of 
the oroblem. 

Çost/Benefit--The Human Element 

There is a strong temptation to fund projects that can 
be precisely described, particularly where the expected re¬ 
sults appear to be amenable to hicher order measurement tech¬ 
niques. In many cases, studies of this type are inappropriate 
because they do not attack those elements that account for the 
major portion of variance. For example, the army has spent 
hundreds of thousands of dollars determining, almost to ab¬ 
surdity, the relative accuracy of various small arms; however, 
little has been spent on investigating why a very large per¬ 
centage of the soldiers in Korea presumably either did not 
fire their weapons or fired into the air. If the principle 
of suppressive fire is relevant, then extreme accuracy is 
trivial as far as total effect is concerned, and if suppres¬ 
sive fire is not relevant, the major source of variance is 
the man. 

This position may be challenged by the following ana¬ 
logue. There are several factors involved in the performance 
of a good athlete, such as conditioning, aptitude, and equip¬ 
ment. While two different athletes may not have equal ability, 
there is no reason whv the equipment variable cannot be equal¬ 
ised. Based on this argument, fantastic sums of money are 
spent on examining alternatives in small arms weapons systems. 
This attack is relevant only after alternative uses for re¬ 
search resources are determined. 

If this problem is viewed in terms of cost/benefit ana¬ 
lysis, it becomes apparent that the maximum expected gains 
are to be found in studying the human element, which accounts 
for the greatest percentage of variance in systems performance. 
In fact, ultrahigh accuracy of the weapon will probably be a 
much less significant variable. 

Given the state-of-the-art, behavioral studies are of 
greater relevance to man-machine systems performance than 
physical science studies. We should be interested in the 
greatest pavoff in systems performance ("the most bang for a 
buck") as compared to the cost of research. Marginal effici¬ 
ency implies a shifting of funds into improving behavioral 
research. 
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Quantitative Models of Hurnnn Behavior 

History 

u ^atJieniat:ic^l modeling of huirán behavior is attractive 
clPflfor some tiTlie. Mathematical models are 
clean and yield precise predictions, although historically 
quite inaccurate. The Lewinian system (Lewin, 1936) usine 

oHers^ ? ,iS °h toPol°^, is an attractive’represintlti^n 
behavior”3lAlaPpea^s to expiain a great deal about human 
behavior. Alec Bavelas (1950) provided an early theoretical 

thPoÍv°H ^ThUP StrUCtUre ^sin^ what is now known as "granh 
theory. These pioneers have had a substantial influence on 
researchers in this country, and there is a substantïll cubent 
anro descriptions of human perform¬ 
ance, both individually and in groups. 

PMr (i96?i i961) fnd Beer (l959) ^Sgest that cybern¬ 
etic models should be applicable to human behavior in organÍ7- 

rr^Mnà proYid.e.a hasic quantitative framework for^des- 
^ ubln£?.?vs^eins-..0f this tvpe (see Ashby's An Introduction to 
^|D]|tics). ihey consider the nrobabili7tTc: nature of sys- 
~ems7TnT7uggest some methods of contending with at least7 
risk, if not uncertainty. 

A Vector Model of System Performant 

thó natchin? process between organization 
an individual is represented in two dimensional space. The 
theory can be extended into more dimensions as appropriate 
The pnmarv vector, Go, represents the goals of the organiz- 

Fni he/e??,ldarv1v!cr0r» Gi* the S°als of the individual. 
For those familiar with factor analysis, these can be viewed 
as a factor or cluster of elements. There are a number of 

tí^nín in ufSPeCt t0 aPPfaisal. selection, retention, and re- 
I16" VeCt0r 1 broken int0 its components, a 

l yect°r corresponding to the organization goals (Gi+o) 

trïLn ? i Veïî°r corre?P°ndin!5 only to individual goals 
(GT+D are found. The task of testing is to determine the re¬ 
lative spatial location of Gi; a partial task of training would 
’o fa ^educ^ between G0 and Gi. Efforts to motivate 
would have to be made to increase the length of Gi or G, 

r i#o • 

/PPt;1?31 0r testing, correctly used, is the most import¬ 
ant element in a systems model for personnel utilization. Many 
quantitative techniques are sufficiently developed for use at 
present. Mathematical programming is becoming increasingly 
sophisticated and, assuming adequate inputs are available 
there will he no problem in developing better models than those 
in exists« The sugestión Is, therefore, that research be 
shifted toward appraisal particularly in deriving better 
descriptions of human values and goals. 
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Figure 1 

A VECTOR REPRESENTATION OF INDIVIDUAL AND ORGANIZATION GOALS 

TA-tJZS24-l 

G0 ■ goals of organization 
G, * GOALS OF INDIVIDUAL 

6i —o * PlJRE CONTRIBUTION OF INDIVIDUAL GOALS TO 
ORGANIZATION GOALS 

g¡— i • individual goals independent of organization 
goals 
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Personality 

Values and the Task 

r,«»-* . ?r8an^zat:Lon design is a problem that will yield to 
ables foíihe^odlÍ8’ ñV111 need operationally defined vari- antes tor the model. Only two major variable cateeories will 
aUtv andSth: ln?lvldu?1 Pers°nality and oíganíLfÍon pers“Í- 
aíe LeSed Sf (ITlt? ^em' Operational descriptions 
or»a ^ t”e relevant dimensions of the individual 
currpnr ^ °r8anization system in which he must operate- the 
current level of technology should be able to handle ?hese 
problems. Although rather a subtle distinction the sienifi 

tonthe0taslkerau10?heSiohWWe11 ÍS mstch*d values) 
needs to be'opti.ized'alroL^he^îaboi Tes^rThTt^ 

st^estLatfnrr^?; The maj°r oÓn?e^“srfpiobabîï. 
particue?a“1ob.0onh?heWaeierag:an °f 3 Partlcul- type does a 

Interdependent Trait Sets 

,n,^0ne t0 classify personality is to group traits into 
petitivi?611 Tht r61’8’ SUC^ 38 con8ruent» complementary, or com- 

The congruent set is measured by a high, bisitive 

ïnnïanïn°rSe1 C“affnLVJi0^Vh^ thC frionao _i i- y4-1-■‘■“•‘■‘•b» c-g.» atrniation, lovaltv to 
triends, and pcrticipation in friendly eronnc 

men LiesíÍcrnn^ Sched“le (Ei>1>S) ar^ Aggression and Abase- 

negativ^syndrome^characterize^b^guiltr l%a 
ority. Competitive charac^rUtiL^ie^riusM^ ^Id" o^' 
Schultz í?qs«Í0dlnanCe‘Dominance> °r Bominance-Aggression achultz (1958) demonstrated the feasibilitv of 

¿*"Ít^1rrf??d'n<^^er3^^s%r^1:deeihr?eí^alnceUn|S?' 
SSva^n^X^^ool.^“0"311^ Varlabl- ac ^eVfS. 

environmenti'i,eÍ 'wh^officers^str^'not^ hSPrKtS ln the 

individual most liked Tdillike'^hï^en^^eni:''’1^ 

a .r.p^hÄ.’rsr.s.'^nn*1’^;lt co?eains 
and individual profiles gre cqnnstfn?*. we co„lv 

Robert Anthony, ASD (Controller), calls this "Goal Congruence" 
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predictive matching model (Figure 2a). However, under the 
current rate of change in technology, the existing profile 
should be adapted accordingly. The key to the problem may be 
organization adaptivity; therefore, provisions should be made 
to allow for the deliberate introduction of variance in per- 
sonality tyoes so that the organization structure can remain 
viable and adaptive to changes in the environment (Figure 2c). 

Normal Distributions 

W? Presurne ttlat sor,ie sort of normal distribution of in¬ 
dividual variables exists in human personality. Within sub¬ 
sets of types of people, there seems to be somewhat less vari¬ 
ance in the inherent types. My work has been with naval of¬ 
ficers but Janowitz (1960) states that this would apply to 
all military officers. In our study of a selective subset of 
naval officers with a sample size of over 400, Prof. John 

Arthur Hoverland, and I have found that these 
officers have remarkably consistent personality profiles. Gen¬ 
erally they will tend to test slightly high on dominance and 
aggression, but the striking element about the profiles is how 
average they are. The »'form'« of each profile is remarkably 
consistent from officer to officer} i.e., the variance around 
each point estimate is very low. 

It is possible to discriminate exceedingly well between 
naval officers and, for example, students. A multiple dis¬ 
criminant analysis, done on the Edwards Personal Preference 
Schedule (EPPS) between officers of the U.S. Naval Postgradu¬ 
ate School and college juniors at Western Michigan University 
in Kalamazoo (Keenan, 1966), separated groups remarkably well. 
The only overlap of naval officers into the student group com- 
nrised two subsets--Waves and, interestingly, male naval offi¬ 
cers who were undergraduates. (Sample sizes were 200 and 130.) 

With the consistent profiles derived from the tests at 
the Postgraduate School, it may be feasible to identify what 
is now considered to be a "successful" junior officer. 

Individual and "Culture" Profiles 

The upper curve shown in Figure 3 is from the Hetero¬ 
sexuality scale on the EPPS. Out of 115 subjects, tested in 
one year at the Postgraudate School, the lowest subject on the 
Heterosexuality scale was at the 85th percentile for the popu¬ 
lation (the highest score was made by a very popular girl). 
This scale on the Edwards test gives items with forced choices, 
such as: Would you rather kiss members of the opposite sex 
or read i book? It appears that any self-respecting naval 
officer knows the "right" answer to that question. We suggest 
that if is a matter of knowing the "right" answer to the ques¬ 
tion and that girls and books have nothing to do with it. 
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Figure 2 

POSSIBLE VALUE CONFIGURATIONS IN ORGANIZATIONS 

(O) GOAL CONGRUENCE 

(b) dysfunctional 

'•'•1(9 1« -I 
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On another test (Minnesota Multiphasic Personality In- 
ventory) naval officers rated slightly high on femininity. 
Ine inference is that one of the tests measures culture while 

mefsures individual values. Considering the nature 
of the questions, we feel that the Edwards test is measuring 
the culture. For completely secure males, the question. 
Would vou rather kiss girls or read books?," is very diffi¬ 
cult to answer; it depends on the girl and the book. 

The problem now is the appropriate matching of individ¬ 
ual to organization for maximum joint satisfaction, described 
in the economic literature as Pareto optimality. 

Restructuring the Organization 

The retention problem probably could be handled best 
bv restructuring the organization in such a way that more or 
better people are initially put into the manpower channel. 
This would eliminate the necessity of attempting to stop up 
the channel. In other words, the retention problem is really 
a selection problem. 

Success and Selection 

Preferably, selection criteria should be related to suc¬ 
cess criteria. Typically, however, major selection criteria 
are based on success in jobs that may be irrelevant to the 
future job. Janowitz (1960, P. 11) adopts this as one of his 
major hypotheses related to attaining flag rank. He suggests: 

Prescribed careers performed with high competence 
lead to entrance into the professional elite, the 
highest point in the military hierarchv at which 
technical and routinized functions are performed. 
By contrast, entrance into the smaller group—the 
elite nucleus—where innovating perspectives, dis¬ 
cretionary responsibility, and political skills 
are required, is assigned to persons with uncon¬ 
ventional and adaptive careers. 

r U.S. Naval Postgraduate School, I suggested 
the following model (met with outrage by all-but-passed-over 
Commanders): 

1. Those acts that suggest innovative executive ability 
are precisely those acts that decrease the proba¬ 
bilities of the man moving to the top levels of up¬ 
per middle management (Captain), and 

2. Those acts or behavior secs that enhance one's 
chances of moving to upper middle management are 
orecisely the acts that suggest lack of executive 
talent. 
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Figure 3 

REPRESENTATIVE PROFILES FOR SELECTED NAVAL OFFICERS 
ON TWO PERSONALITY SCALES 

EDWARDS PERSONAL 
PREFERENCE SCHEDULE 

(HETEROSEXUALITY) 

MINNESOTA MULTIPHASIC 
PERSONALITY inventory 

(MASCULINITY-FEMININITY) 

i<t 
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In other words, as you perform acts that increase your chan¬ 
ces of becoming a Caotain, you decrease your chances of be¬ 
coming an Admiral (given that you make Captain). 

Another great difficulty within the military structure 
is the cost of "accidents" to career patterns. For example, 
it a Naval aviator dumps a plane into the drink three or four 
times on takeoff, it seriously decreases his chance of moving 
to executive levels (even holding the attrition rate constant). 
This is an extreme example, but it indicates the need to ques¬ 
tion the quality of certain filtering systems and their ef¬ 
ficiency in bringing to light and developing executive talent. 

Means of Accomplishment 

Political scientists (in particular, Thompson, 1961) 
have suggested three ways of getting things accomplished: 
power, authority, and influence. JanowitE suggests an increas¬ 
ing need for the use of influence within the military struc¬ 
ture, especially since the military operates most of the time 
in a bureaucratic structure, rather than under crisis. 

In many instances a military leader who has the authori¬ 
ty to make a decision finds that he does not have the neces- 
SaiTjexPer^^se t0 actually make the decision without 
calling on his technical subordinates. Thus command positions 
are increasingly involved in the coordination of these tech- 
nical specialists. The performance of specialists cannot be 
easily assessed, which gives them a definite "power" advantage. 

The technician in our society can have a considerable 
amount of power simply by withholding his abilities. An elec¬ 
tronics technician does not have to use the most efficient 
search procedure; a radar observer Joes not have to observe 
as quickly; a scientist does not have to think. A classic 
example occurred during World War II when an airframe manufac¬ 
turer s design engineers were all drafted and placed back in 
ò/AASan,e de^Sn j°bsi with corresponding pay cuts of about 
$400 a month. Thereafter, these men seemed to nave difficulty 
creating new designs as quickly as before. Withholding tech¬ 
nical expertise is a major source of power and an organisation 
design in which authority depends on this power tends to con¬ 
centrate this power even more. 

Power may be used more frequently when diffused. The man 
who has a stratified (50*4 computer programming, 307, clerk, 207 
other) job is likely to use his power to create a favorable 
shift in his time usage (perhaps to stay off K.P.), whereas 
the man who is practicing a profession (using the word loosely) 
Is more inclined to use influence in lieu of power. iOOSeiY>. 
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Stratification 

Under the present job structuring system, a given man 
has quite a wide range of tasks to perform, as shown in Figure 
4. These may range from high order intellectual tasks, such 
as computer operation, down to such things as kitchen duty. 
Looking at the system, man by man, quite a wide variety of 
skill levels are utilized by one man during his working month. 
From a systems analysis viewpoint, there is no category called 
"other duties." A man's job would be viewed in terms of the 
aggregate time exoended during a year, regardless of how it 
was expended. 

A more aporopriate allocation between men and jobs might 
be to stratify, that is, to have all higher skills practiced 
bv some and all lower level skills practiced by others. The 
imolication is that job satisfaction is more important than 
any other motivating force. If a man is required to perform, 
or better, allowed to perform in accord with his personal 
values and goals, discipline and maintenance problems will 
be reduced. 

This theme would probably be viewed as orejudice by the 
parents of America, oarticularly those whose sons are potato 
peelers. However, this system leads to a much higher level 
of aggregate performance than is possible with the present sys¬ 
tem. This structuring allows for efficient performance of 
tasks with less manpower. Presuming the model of a man being 
allowed to work to his capacity, job satisfaction goes up, and 
there is a considerably better allocation mix, reducing the man¬ 
power requirements. Naturally, the possibility of restruct- 
uring the organization in this manner does raise some questions 
in respect to manipulation of the organization by people at 
the lower levels. 

Concluding Remarks 

Through skillful use of the information processing tech¬ 
niques developed by operations research people, multivariate 
statistical models, and the substantial information processing 
capabilities of modern computing systems, a technology mix 
can be developed that will lead to significant advances in the 
utilization of personnel resources, the major problems at this 
stage are probably conservatism and the lack of willingness to 
move to viable organization designs--problems of feasibility 
as contrasted with possibility. The military has tended to 
be very conservative and has focused on the problem of reten¬ 
tion in an economic sense (pay raise). It may be the time to 
view research dollars in light of cost/effectiveness measures. 
Suhstöitial strides should be made in organization design and 
the optimal matching of capabilities to organizations in the 
near future. 
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Systems analysis techniques can, and should, be adopted 
to reduce system variation through better utilization of the 
human resource. Assessment technology, coupled with quantita¬ 
tive techniques, should be developed to approach the problem 
of optimal organization designs. 
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A RAPID SOLUTION FOR MULTIPLE R AND BETA WEIGHTS, WITH CHECKS 

John S. Brand 
US Army Enlisted Evaluation Center, Fort Benjamin Harrison 

Indianapolis, Indiana 

Thorndike (1949) gives an abbreviated Doolittle solution 
for multiple R and beta weights (App. A, pp. 336-339). DuBois 
(1937) also gives an abbreviated solution (pp. 45-53). The 
purpose of these solutions is to reduce labor and rounding 
and transcription error by accumulating a number of multi¬ 
plications in the calculating machine, recording only the 
final result. A disadvantage of the abbreviated method is 
that there are fewer residuals which can be used for special 
analyses. These solutions are essentially the same, except 
for minor variations. Thorndike uses three rows per block, 
while DuBois arranges the third row (betas) vertically in 
the space available on the left of the worksheet. Thorndike 
omitS2the last series of subtractions in Block 0 which gives 
1 - R . Both provide the usual checking procedure for each 
row of the operation. Thorndike places his final betas at 
the bottom of the criterion column, and DuBois places his 
final betas at the left of the worksheet. In both solutions, 
the order of calculations is somewhat difficult to follow. 

Putting the two systems together, using the three row 
format, pointing out a principle for describing the more 
complex stage of the operation, and rearranging the back 
solution provides a rapid and simple method for solving for 
multiple R and the beta weights. The solution is simple 
enough that conventional checking méthode- for each row of the 
operation have been omitted. Checks are provided for the 
final solutions. If they do not check, it is not difficult 
to run through the entire solution again. In the first 
solution, reasonable care will nearly always provide accurate 
results. 

The results given are exactly the same as those ob¬ 
tained from the more lengthy Doolittle (called "Do-much" by 
some) solution. Results will actually be more precise be¬ 
cause they are less subject to rounding error. The method 
requires conventional calculating machines, and is good for 
up to about ten variables. Over ten the work becomes ex¬ 
cessively tedious and more subject to error. The majority of 
multiple correlational analyses involves less than ten 
predictors. For more than ten variables, any manual proce¬ 
dure becomes increasingly tedious, and the use of EDP should 
be considered. 
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Arrange the intercorrelation matrix with the crite¬ 
rion, 0, to the right, as shown below. The order of the 
predictors does not make any difference. 

Intercorrelation Matrix 

1 

1.0000 

2 

.5600 
1.0000 

3 

.4900 

.6300 
1.0000 

4 

.4200 

.4600 

. 3900 
1.0000 

0 

.5500 

.5300 

.5200 

.6400 
1.0000 

The complete solution with checks is shown in Table 1. 

Table 1 

Complete Solution of Multiple Correlation and Beta Weights 

1 

l 1,0000 

2 3 

.5600 .4900 

4 0 [J 

.4¿Q0* .5500* .2299 

2 1.0000 .6300 .4600 .5300 .0863 

.6864 .3556 
.5181 

.2248* .2220 

.3275 .3234* 

1 It 000,0 

.1176 .2354* 

71576 

4 

0 

1.0000 
.7420" 

.6400 

.3207 

.4318 

.4318 

R2 
= .5445 
.7379 

Solution for betas: 

i3 
Î2 
bl 

.4318 

.2354 - 

.3234 - 

.5500 - 

(.4318) 
(.3275) 
(.4318) 

(.1176) 
(.4318) 
(.4200) 

.1846 
(.5181) (.1846) * .0863 
(.1846) (.4900) - (.0863) 

(.5600) = .2299 
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R =IB1rûl = (.4318)(.6400)+(.1846)(.5200)+(0863)(.5300) 
+(.2299)(.5500) = .5445 

Z.B 

Final check with normal equations: 

iru - rlo = (-2299><l-0000) + (.0863)(.5600) + (.1846)(.4900) 

£Blr2i = r20 = (-2299)(.560O)+(.Õ863)(U0000) + (.Í846)(.6300) 

- r3o = : :»(.¡8^(,0000) 

iBlt41 = = (-22 " )(,4200)+( .0863) (4600)+(, 1846) (J9Q0) 
+(.4318)(1.0000) = .6400 

except CheWfirsteblo¿k,Swhich cons i??«5 f r°WS each* 

from'rh Ín e'9Ch bl0ck C011sists of the zeío^rde?^ The 
from the intercorrelation matrix ?* • corr<?lations 
In Table 1, these entrio« Tíl ^ th unity ln the diagonals 
Pleted bloik by Mock workíLU^erS"rred- The is «m- 
completlon of each blick. oneSvarïabîe the 

from each zero order rf<nathebfírsCÍ?o°btaÍnek by subtraP>:in8 
equal to the number of preceding nr mWi 3 n^bex of products 
worksheet. In Block 2 on* nrníwí bÍ8he^ bl°oks in thp 
zero order r. In Block 3‘ tSn nríí H subtract:ed from each 
The maximum number of subtractiSn^rP^i 3ra subtracted» etc. 
the last block and equals the ^ red,4lS Performed in 
problem. Thus, with nino nrL? f Predictors in the 
from nine zero order r's in Block°2Ss^btVactio^ is made 
*ade from eight zero order r's i£ nnk°iSUbt:raCtions are 
subtractions are made from one r in * and nine 
for this reason that about ten m l3St block- !t is 
reasonable upper limit for th?s method ?,re. su88est^ as a 

machine°whichSaffords'che^rinciÍCftioils in the'SllcSîat^g 
Only the final reSldual lsPr^“5eÍ 

block atefiístUappear diff icíu“^ “Ík31" r°w 2 of each 

mur^?arehlSisap:^^a -ooad:riob:^hca pirn 

The products to bPo subdac^froV^oTarëf °f ^0- -3209. 

Block 1 
Block 2 
Block 3 

(.4200)(.5500) 
(-2248)(.3234) 
(.0677)(.2354) 
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These values are asterisked in Table 1. It can be seen 
that the first number in each block comes from row 2 of the 
column above the diagonal of Block 4. The second is the 
row 3 entry in the column above the initial zero order r. 
Thus, ?64000000 - (.4200)(.5500)-(?22i§)(?5254)-(.0677) 
(.2354) = .32036310, or .3204. 

The exact description of what each intermediate number 
in the worksheet represents is beyond the purpose of the 
present paper. The reader who is interested in further details 
of multiple regression analysis is referred to DuBois (1957, 
1965). 

The present problem involves no negative numbers, but 
if negative values appear in the solution, the operator must 
keep his signs straight. The solution is begun in row 2, 
Block 2. The first entry is 

1.00000000 - (.5600)2 = .6864 

The rule applies here because only one column is involved 
and Block 1 has only one row. The remaining entries are 

.63000000 - (.5600)(.4900) = .3556 

.46000000 - (.5600)(.4200) = .2248 

.53000000 - (.5600)(.5500) = .2220 

The third row in each block is obtained by dividing 
each element in row 2 by the diagonal. Thus in Block 2, 

.3556 rioi .ma= -5181' 

isisf = •3275> and 

.3234 

Proceeding to Block 3, the row 2 entries are 

1.00000000 - (.4900)(.4900)-(.3556)(.5181) = .5757 
.39000000 - (.4900)(.4200)-(.3556)(.3275) = .0677 
.52000000 - (.4900)(.5500)-(.3556)(.3234) = .1355. 

Again, divide the row 2 entries by the diagonal: 

0677 
,5757 

.1355 

.5757 

.1176, and 

.2354 
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Proceeding to Block 4, row 2 = 

1.00000000 - (.4200)(.4200)-(.2248)(.3275)-C0677) 
(.1176) = .7420 

.64000000 - (.4200)(.5500)-(.2248)(.3234)-(.0677) 
(.2354) ^ .3204, 

and row 3 = .3204 _ which is B4. 
.7720 - -4318 

P.eoeating the row 2 operation in Block 0, 

1.00000000 - (.5500)(.5500) 
- (.2220)(.3234) 
- (.1355)(.2354) 

2 „2 ‘ (-3204)(.4318) = .4555 
which is 1 - R . R therefore = .5445, R = .7379, 

i The solution for betas is shown at the bottom of Table 
I, and follows a pattern in row 3 of each block. From the 
entry in Column 0 is subtracted the products of the betas 
and the row 3 entry in the column of the same number as the 
beta. The betas are entered ooposite the rn. correlations 
for convenience in computing R* =£p,r ï A the present 0 
solution this sum = .5445, which checks^xactly with the R^ 
obtained from the last step in the table. 

The normal equations provide a final check for the 
solution. In solving the normal equations, it is convenient 
to read down each column to the diagonal, and then to the 
right accumulating products in the machine. In the present 
example, all of the checks are exact to four places. 

The present discussion has been limited to a rapid 
and simple solution of multiple R and the beta weights. The 
method is efficient and accurate for up to about ten predictors 
If the researcher desires additional solutions with one or 
more predictors omitted, the method described will provide 
these solutions with no great expenditure of time or effort. 
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Note Concerning Correlations with Weighted Composites 

John S. Brand 

U. S. Army Enlisted Evaluation Center 

one (1?65, iPP' A) 8lVeS the forraula fLr the correlation of 

weighte^variables L eXa’'Pl<!)• Ulth the SU" 0t ‘“««""tialiy 

z WiroiOi 
oc 

oi + 2 L rijwiwj0i°j 
(1) 

(where i < j) 

and the correlation between two weighted composites as 

Z(w1o1r riuwuau) 

clc2 

/1 “‘“i + 2 1 rljUi0l“j0J /1 + 2 S '•uv-u^Wv“’» (2) 

(where i < j and u < v) 

The weights in these formulas are raw score weights (b coefficients) 
since the formulas include variances. If the weight«8 were obtlined f^om 

re8re®^°" analysis» they were obtained from standard partial 

rnîffi J0" Coef“^ients coefficients). The relationship between b 
coefficients and ß coefficients is expressed by 

Si 
-_ ßi 

si 

Where : 

Sj - The unbiased estimate of the standard 
deviation of the variable used for 
standardization 
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“ The unbiased estimate of the standard 
deviation of variable i. 

Si 
Thus WiOi - b1S1 “ ßi S1 - ß iS1 

Substituting in both equations, the S. value, which is a constant, can 
be moved to the front of the summation signs, and cancels out in both 
equations. 

Formulas (1) and (2) can thus be expressed in terms of ß weights 
and intercorrelations as follows: 

Zßiroi 

oc /“Í + 2 E rjj ß 1 ß j 

(i < j) 

(3) 

E ß (Er ß ) 
i iu P u 

clc2 
IBj + 2 I rjj B t B J y tel + 2 I ruv B u 

(i < j, u < v) 

(4) 

For computing correlations with weighted composites, formulas (3) 
and (4) are considerably simpler than formulas (1) and (2), and reduce 
the rounding error incurred by the use of b weights and standard 
deviations. 

Reference 

Guilford, J. P. Fundamental Statistics in Psychology and Education. 

(4th ed.) McGraw-Hill, 1965. 
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CROSS VALIDATION OF MOS CODE 23G40 
HERCULES FIRE CONTROL MECHANIC 

Paul P, Foley 

was prompted by an unpublished article 
¡WaÍh0" VMlÍ?lty» ReUabilityp Baloney, and a Little 
Mustard, which was presented by Robert E. Chandler at the 
1964 convention of the American Psychological Association. 

rinn rnn|.rriieI ^ Cureton» 19^> had called atten¬ 
tion to the fact that to test more than one hypothesis on 
a given sample renders tables of significance practically 
ÏKelfSuiSlnCe tbp.basic premise of randomness upon which 
the tables are built is violated.Ï- 

Chandler, 1964 using standard cross validation pro¬ 
cedures randomly selected 100 pairs of validation and 
cross validation groups from a sample of 134 subjects, 
bl nature and amount of shrinkage which 
h aS the d^ference between the multiple R for the 
M¡ÍldÜtl0n ?nd the weiRhted validity coefficient for 
ï£rnHnoSffV?Kidati°n 8f°ïp* . Secondly, he attempted to de- 

mean w?l8hted validity coefficient for the 
cross validation sample was more accurate than the esti- 

obJ;ained trough the classical correlation approach 
using the entire sample. H 

He found that the multiple R for the primary group 
rn™nieaVh^ ^ ^1^16 correlation coefficient (rJ, 
computed in the conventional manner, yielded holdout corl 
relations greater than the R^ and vice versa. 

-o?16 mea"uofLthp correlations for the holdout group 
ïff4Ü?ke? âSntíe ain^le estimate of the validity co- 

D0nly 60/# of the holdout correlations were able 
to predict Rt as accurately as rb. He concludes that the 
use of cross validation in a situation not requiring it 
is ridiculous. ^ 

Purpose 

This study was undertaken to duplicate Chandler's 
study using a similar testing situation. The amount of 
shrinkage resulting from cross validation was computed 
and examined. The shrunken estimate was investigated to 

m0re tban the estimate ob- 
^jngd fhyough the conventional corro^M™ anproach ,.njny 

^Chandler, R. E., 1964 
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the entire sample. A correction formula was also applied to 
the multiple R for the validation group to examine the nature 
of this type shrinkage. 

Procedure 

The US Army Enlisted Evaluation Center (USAEEC) rou¬ 
tinely uses two evaluative instruments, the commander's 
evaluation report (CER) and the evaluation test (ET) in its 
annual assessment of MOS proficiency. The MOS chosen for 
validation is 23G40, Hercules Fire Control Mechanic. 

Three coworker ratings were gathered on each of the 
104 subjects comprising the validation group. The sum of 
these ratings were used as an independent measure of job 
proficiency. A one-way analysis of variance, Winer, 1962, 
was used to estimate the reliability of these ratings. In 
addition, an F test was performed to determine the signifi¬ 
cance of the reliability coefficient. 

CER and ET scores for the 104 subjects were correlated 
with the criterion using routine multiple correlation tech¬ 
niques. The resulting correlation coefficient was labeled 

The total sample of 104 subjects was randomly divided 
into two groups; and this procedure was repeated 100 times. 
Weights were developed for Group I and a multiple correlation 
coefficient (Ra) was computed. These weights were applied 
to the cross validation group, (Group II). and a r^, was de¬ 
veloped. The difference between (Ra - rw) is the amount of 
shrinkage as defined by Chandler. The distribution of (Ra) 
was developed to show the relationship between values for 
Ra and the shrinkage associated with the cross validation 
sample. 

The values of r^ were plotted to check the accuracy of 
the shrunken estimate rb in predicting Rt. As in Chandler's 
study, Rt and rb were compared to ?b and accuracy was defin¬ 
ed as the minimum distance from ?b. 

In addition to shrinkage as previously defined, a 
shrinkage formula was applied to values of Ra to study the 
distribution of the resulting cr. 

The shrinkage of Ra, indicated by the symbol cr. was 
computed using the following formula in McNemar (1962): 

Where: Ra: is the multiple correlation coef¬ 
ficient resulting from the correlation 
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of the CER and ET with a criter¬ 
ion. 

: is the si*e of the validation sam¬ 
ple. 

of R dis^ributl°n - rb wss developed for each value 

cÎat?d wlt" vaïu«nofT the am°Unt °f shrinka^ ass0- a1 

Results 

the oîh?,3!illîïllltVuCO*fflc}ent of was significant at 
below: 11 C<,n be Seen ln the table Presented 

Between 
Within 
Total 

Sum of Squares Df Mean Square F 

361.64 
427.67 
734.30 

103 
208 
311 

3.5110 
2.0321 

1.7278 

f .99 (103,<* ) = 1.35 

Table 1116 N’SaÎÎS»:fr?ma,the 100jeplicatlona are shown in 
Krtf j3nd^Nb indicate the sample size of the valida- 

tion and hold-out groups respectively. 

the correlation coefficient for the 
dp¿Í?nn a ?roun is the correlation for Group II 
developed using weights From the validation group. 

nf r ls.t!;e sbrunken multiple correlation coefficient 
of Ra computed using the shrinkage formula presented earlier 

cate RNe?fcclVHShrinka8^YalueS in the h * rb column indi- cate Ra less than ru. This occured in 437. of the cases as 
sE 22!vin ^andler*s study. Prior to Chfndter's 
anti I It was thought that weights developed on one sample 

a" iaonPPUfit0 an0fïr W0Uild always result in a lower corre- 
^Zu0?* LarR® positive values for Ra - rb were associated 

valuea f°r Rai while negative values were associ¬ 
ated with low values for Ra. The shrinkage was smallest! 
jJ®aan5hR me?" 0n?theJ(Ra) disJribution. The difference in 
ahn» íu *02, Fi^e 1 shows the distribution of R- 
along with the average shrinkage associated with the Ra 
values in each class. a 

vffues for cr - r. are also plotted on Fieure 1 
i“LJfch jfií'1 of Ra- higher values of R ylelüed hièh 

f renCeS Whlle lower values ní>a>- “he Ra vlelded progressively greater negative values. Small valu?, of ft 
■ 
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resulted In Increasingly negative values of cr - rb. 

Figure 2 shows the distribution of rb with^the ?b and 
Rt superimposed. The difference between Rt and rb is shown 
as - .02 on either side of rb. This accounts for 147. of the 
area under the distribution and indicates that 867. of the 
values of rb were less accurate measures of their own mean 
than was Rt. 

Comparison of rb and cr on Table 1 indicates that the 
mean shrunken multiple R provides as accurate an estimate of 

Rf as ?b* 

Q? 



Conclusions and Discussion 

As pointed out by Chandler 
validation of a battery of tests 
sample is ridiculous. 

, the validation and cross 
using the original validation 

The correlations obtained from the primary group when 
Less than the multiple correlation obtained using the total 
sample resulted in holdout correlations greater than Rt- and 
vice versa. L 

Jf’e best estimate of the validity coefficient if cross 
validation were applicable would be the mean of the holdout 
correlations r^. The difference between the multiple corre¬ 
lation using the total sample and the mean of the holdout 
+or5!^a^fons ^ •®“*„ Only 147. of the ru values were within 
- .02 points of the rb. 

The difference between the shrunken multiple correla¬ 
tion c - rb revealed that cr was an overestimate of rK in 
02 cases and an underestimate in 48 cases. D 

This study provides further evidence for the point 
made by Cureton and Chandler that to use the same sample to 
test more than one hypothesis is ridiculous because the basic 
premise of randomness is violated. 



TabU 1 

Primary Group 
Replication 

1 41 .74 
2 46 .71 
3 52 .66 
4 51 .66 
5 51 .64 
6 49 .64 
7 42 .64 
8 46 .64 
9 52 .63 

10 48 .63 
11 43 .62 
12 53 .62 
13 42 .61 
14 43 .61 
15 51 .59 
16 61 .58 
17 45 .58 
18 52 .57 
19 52 .57 
20 50 .57 
21 51 .56 
22 49 .56 
23 44 .54 
24 58 .54 
25 44 .54 
26 53 .54 
27 61 .54 
28 43 .53 
29 49 .53 
30 49 .53 
31 46 .53 
32 50 .53 
33 20 .52 
34 46 .52 
35 45 .51 
36 49 .51 
37 52 .51 
38 57 .51 
39 55 .50 

Hold Out Group 

h_Ik 

63 
58 
52 
53 
53 
55 
62 
58 
52 
56 
61 
51 
62 
61 
53 
43 
59 
52 
52 
54 
53 
55 
60 
46 
60 
51 
43 
61 
55 
55 
58 
54 
54 
58 
59 
55 
52 
47 
49 

.22 

.21 

.25 

.34 

.37 

.19 

.25 

.34 

.26 

.31 

.35 

.31 

.29 

.32 

.30 

.31 

.29 

.40 

.39 

.34 

.27 

.32 

.37 

.35 

.41 

.57 

.30 

.42 

.39 

.44 

.33 

.37 

.41 

.44 

.44 

.40 

.44 

.31 

.39 

.52 

.50 

.41 

.32 

.27 

.45 

.39 

.20 

.37 

.32 

.27 

.21 

.32 

.29 

.29 

.27 

.29 

.17 

.18 

.23 

.29 

.24 

.17 

.19 

.13 
-.03 

.24 

.11 

.14 

.09 

.20 

.16 

.11 

.06 

.07 

.11 

.07 

.20 

.11 

cr 

.72 

.69 

.64 

.64 

.62 

.62 

.61 

.61 

.62 

.60 

.60 

.60 

.58 

.58 

.57 

.56 

.55 

.55 

.54 

.54 

.54 

.53 

.51 

.52 

.51 

.51 

.51 

.50 

.50 

.50 

.49 

.50 

.49 

.49 

.48 

.48 

.48 

.48 

.47 

¿-.-..Ik 

.50 

.48 

.39 

.30 

.25 

.43 

.36 

.27 

.36 

.29 

.25 

.29 

.29 

.26 

.27 

.25 

.26 

.15 

.15 

.20 

.27 

.21 

.14 

.17 

.10 
-.06 

.21 

.08 

.11 

.06 

.16 

.13 

.08 

.05 

.04 

.08 

.04 

.17 

.08 
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Príjnary Group Hold Out Group 
Rapllcatlop Ha_P-, Nb_rb - rb cr c* - n> 

AO 
Al 
A2 
A3 
AA 
A5 
A6 
A7 
Ae 
A9 
50 
51 
52 
53 
5A 
55 
56 
57 
58 
59 
60 
61 
62 
63 
6A 
65 
66 
67 
68 
69 
70 
71 
72 
73 
7A 
75 
76 
77 
78 
79 
80 
81 
82 
83 
8A 

53 
58 
53 
53 
63 
A8 
A5 
63 
53 
61 
51 
52 
63 
A2 
55 
Al 
56 
56 
6A 
A9 
A7 
62 
57 
52 
5A 
53 
53 
56 
AS 
52 
57 
55 
AA 
65 
A9 
A6 
61 
61 
66 
58 
A9 
56 
A9 
61 
5A 

.50 

.50 

.50 
• A9 
.A8 
.A8 
.48 
.48 
.48 
.48 
.48 
.47 
.47 
.47 
.46 
.46 
.46 
.45 
.45 
.45 
.45 
.45 
.45 
.44 
.44 
.44 
.44 
.43 
.43 
.43 
.43 
.43 
.43 
.42 
.42 
.42 
.42 
.41 
.41 
.40 
.40 
.39 
.39 
.38 
.38 

51 
46 
51 
51 
41 
56 
59 
41 
51 
43 
53 
52 
41 
62 
49 
63 
48 
48 
40 
55 
57 
42 
47 
52 
50 
51 
51 
48 
56 
52 
47 
49 
60 
39 
55 
58 
43 
43 
38 
46 
55 
48 
55 
43 
50 

.40 .10 .47 

.39 .11 .47 

.46 . 04 .47 

.29 .20 .46 

.46 .02 .45 

.45 .03 .45 

.47 .01 .44 

.47 .01 .45 

.52 -.04 .44 

.47 .01 .45 

.39 .09 .44 

.47 .00 .44 

.43 .04 .44 

.43 .04 .42 

.47 -.01 .43 

.46 .00 .42 

.57 -.11 .34 

.38 .07 .42 

.44 .01 .42 

.48 -.03 .41 

.50 -.05 .40 

.33 .12 .42 

.66 -.21 .41 

.49 -.05 .40 

.45 -.01 .40 

.43 .01 .40 

.28 .16 .40 

.52 -.09 .40 

.45 -.02 .39 

.50 -.07 .39 

.54 -.11 .39 

.48 -.05 .41 

.48 -.05 .38 

.53 -.11 -39 

.51 -.09 .37 

.48 -.06 .37 

.45 -.03 .38 

.54 -.13 .38 

.58 -.17 .37 

.57 -.17 .36 

.41 -.01 .35 

.49 -.10 .34 

.51 -.12 .34 

.60 -.22 .34 

.56 -.18 .33 

.07 

.08 

.01 

.17 
-.01 

.00 
-.03 
-.02 
-.08 
-.02 

.05 
-.03 

.01 
-.01 
-.04 
-.04 
-.23 

.04 
-.02 
-.07 
-.10 

.09 
-.25 
-.09 
-.05 
-.03 

.12 
-.12 
-.06 
-.11 
-.15 
-.07 
-.10 
-.14 
-.14 
-.11 
-.07 
-.16 
-.21 
-.21 
-.06 
-.15 
-.17 
-.26 
-.23 

95 



Replication 

85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

Primary Group 
Na kfl 

54 
59 
44 
49 
58 
47 
53 
57 
54 
53 
59 
52 
57 
57 
55 
46 

.37 

.37 

.35 

.35 

.35 

.33 

.32 

.31 

.31 

.29 

.29 

.28 

.26 

.26 

.25 

.24 

Hold Out Group 
Nb _ 1¾ 

50 
45 
60 
55 
46 
57 
51 
47 
50 
51 
45 
52 
47 
47 
49 
58 

.59 

.62 

.53 

.51 

.58 

.53 

.58 

.59 

.42 

.56 

.55 

.52 

.66 

.65 

.52 

.45 

Ra - n> 

-.22 
-.25 
-.18 
-.16 
-.23 
-.20 
-.26 
-.28 
-.11 
-.27 
-.26 
-.24 
-.40 
-.39 
-.27 
-.21 

cr 

.33 

.32 

.29 

.29 

.29 

.26 

.26 

.25 

.53 

.22 

.23 

.21 

.19 

.19 

.17 

.11 

cr - rb 

-.26 
-.30 
-.24 
-.22 
-.29 
-.27 
-.32 
-.34 

.11 
-.34 
-.32 
-.31 
-.47 
-.46 
-.35 
-.34 

Ra - .48 
rb - .44 

Rt - .46 

cr ■ .44 
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MEASURING TROUBLESHOOTING SKILLS OF MAINTENANCE PERSONNEL 
BY PAPER AND PENCIL TESTS 

John L. Finjcane 
U. S. Army Enlisted Evaluation Center 

GENERAL 

During the winter and spring of 1966, the logistics 
problem of the US Army in Vietnam became critical. The 
problem was critical because spare parts for repairing com¬ 
bat, communications, and avionics equipment were in short 
supply. The shortage of replacement parts resulted from 
the fact that many millions of dollars of combat, communi¬ 
cations, and aircraft avionics parts were piled up on repair 
lines, waiting for repairs. Most of the available spare 
parts were used up as replacement items or were back-ordered 
to replace parts on the repair line. A serious threat to 
combat effectiveness existed in Vietnam. 

This was a bad situation. The ¡situation was consider¬ 
ed worse, however, when it was determined that many of 
these parts waiting for repairs were (1) not defective at 
all, or (2) had only minor defects which should have been 
corrected by operators or lower category maintenance per¬ 
sonnel. Paper work accompanying the parts did not always 
correctly state the defect existing in the part. 

Unsatisfactory diagnosis of malfunction was the major 
cause of this huge backlog on the repair line. This sug¬ 
gested that operating and lower echelon maintenance personnel 
were not properly diagnosing minor equipment malfunctions. 
This created questions as to the training of operators and 
lower level maintenance personnel. Questions were also 
raised concerning the method of qualifying such personnel 
in their MOS. This last question related directly to the 
USAEEC, which supervises development of tests used, in part, 
for determining if enlisted personnel are MOS qualified. 

A board of inquiry was established by the Chief of 
Staff of the US Army to study this problem. Lt General 
Frederick J. Brown was recalled to active duty to head this 
board and find means of solving the problems involved. 

PURPOSE OF THE MOS EVALUATION TESTS 

The purpose of MOS evaluation tests is to evaluate 
the individual's knowledge and skills in a particular MOS 
and skill level. (AR 600-200, para 1 - 2x). The Commander's 
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Evaluation Report is designed principally to evaluate the 
individual's performance of duty in a particular MOb. 
Where feasible, performance tests are administered to 
evaluate the individual's ability to perform a particular 
skill (AR 600-200, para. 1-2 o). Scores from these three 
tests'are statistically combined to obtain the evaluation 
score. It an individual's evaluation score is 70 or higher, 
this "certifies" (denotes) he is qualified to perform 
duty satisfactorily in the primary MOS and skill level i 
which he is evaluated (AR 600-200, para. l-2ab). 

Evaluation tests attempt to evaluate an individuals 
knowledge of troubleshooting, adjustment, and repair 
procedures and techniques required for conrson and unusual' 
equipment malfunction, where this job information is re 
quired of equipment operators and maintenance personnel. 

TROUBLESHOOTING QUESTIONS 

The scientific method is employed in adjusting, 
troubleshooting, and repairing equipment First the pro- 
blem, or malfunction, is studied and defined, and the 

possible solutions to the unJt10" f^tÍÍS^d¿heT^st 
probable solution is tested for feasibility, if ^he most 
probable cause of the difficulty is not the solution, the 
next most probable cause or solution is tried, etc., 
the cause of the malfunction is identified and eliminated. 

The scientific method of solving orjJJ:a8no®inJ e2UÍP” 
ment malfunction is incorporated in ArmyrM^n^^a^°ntenance 
tests Evaluation test outlines for operating and maintenance 
MOS usually include diagnosis of equipment malfunctions 
und^r the broad subject-matter area of troubleshooting o 
eauioment". This area should contain questions requiring 
knowledge of the p^yse¿ of equipment maladjustments 
functions. For skill levels below ¿*0 (leader), the qu.stio 
probably should be confined to the çpusça of coyimon ma - 
operation or malfunctions each skiirT^l « W 
exoected to know; for the leader (40) and supervisor (5°) 
skill levels, the questions should include bnthçOTpqgan 
unusual causes of equipment malfunction or maloperation. 

Troubleshooting questions used in Army MOS evaluation 
tests take the following general patterns: 

Project verbal questions on screen. 

EXCESSIVE CARBON DEPOSITS IN A 4-STROKE CYCLE ENGINE 
COMBUSTION CHAMBER WILL DECREASE THE 

A- £• 
B. D* 

WHAT EFFECT DOES POWER OVERLAP HAVE ON ENGINE OPERATION? 
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A. 
B. 

C. 
D. 

!ÎÎ)Ao Î?aÏÏLm?ST PR0bable CAUSE if the landing gear on the 
CV-2 (CARIBOU) FAILS TO LOWER? 

A. AIR IN THE INTERLOCK PASS 
B. AIR IN THE HYDRAULIC RAM 
C. A SHORT IN THE SOLENOID COIL 
D. A SHORT IN THE DEPRESSOR KEY 

WHAT IS THE NEXT MOST PROBABLE CAUSE IF THE 
ON THE CV-2 TCARIBOU) FAILS TO LOWER? 

A. AIR --- PASS 
B. AIR --- RAM 
C. AIR --- COIL 
D. A --- KEY 

LANDING GEAR 

The above questions are totally verbal. 

Troubleshooting questions using graphic illustrations 
are also incorporated into our tests. Actual malfunctions 
of equipment, such as measuring instruments, electrical 
and electronic circuits, gears, etc., are illustrated in two 
one photographs and straight-line drawings. Questions 

derived from these illustrations require knowledge of causes 
of malfunctions shown. Examples of illustrated questions 
follow: ^ 

Project illustrated questions on screen, 

1. WHAT IS THE MDM WINDING IN FIGURF. ? 

t' ^ 
B- D. 

2. WHAT IS THE FUNCTION OF THE "D" WINDING IN FIGURF 

i* C- 
ß. D. 

3. WHAT RESULTS IF THE "D" WINDING IN FIGURE 
SHORTED? - 

o' C* B. D. 

IS 

In conducting their inquiry the Brown Board developed 
some performance tests designed to measure proficiency in 
diagnosing actual malfunctions, that is, ability to trouble¬ 
shoot in certain specific situations. These tests were 
administered to samples of soldiers holding the MOS in which 
troubleshooting is considered an essential part of the iob 

íf0ÍMrrMncPeCti0f the Brown Board Study was to examine some 
of our MOS evaluation tests and to identify the trouble¬ 
shooting questions contained in them. These questions were 
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not necessarily Lhe same troubleshooting situations as 
were performance tests. They do, however, test trouble¬ 
shooting information. The soldiers to whom the trouble¬ 
shooting performance tests were administered had also been 
given our MOS evaluation tests as a part of the Army's 
evaluation program. Sufficient information from the per¬ 
formance tests and the MOS evaluation tests were available 
for the information presented in this paper. The following 
data were obtained by correlating individual soldier's 
scores on "diagnosis" questions with their CER, raw evalua¬ 
tion tests (ET), and composite (ET + CER) evaluation scores. 

The correlations obtained are as follows: 

MOS NUMBER NUMBER CORRELATIONS 
OF QÜES- OF EM 
TIONS 

45G20 23 

45G30 22 

7 CER vs Diagnosis Questions r= .23 
ET vs Diagnosis Questions r- .09** 
ES vs Diagnosis Questions r= .96** 
CER vs ET r= .17 

10 CER vs Diagnosis Questions r=-.01 
ET vs Diagnosis Questions r= .77** 
ES vs Diagnosis Questions r= .51 
CER vs ET r=-.57 

63C20 23 49 CER vs Diagnosis Questions r= .19 
ET vs Diagnosis Questions r= .58** 
ES vs Diagnosis Questions r= .33* 
CER vs ET r= .18 

(r's are within rounding error of those reported by the 
"Brown Committee".) 

Project data on screen. 

The performance tests, in the case of MOS Code 63C20, 
consisted of eight cells, each cell containing an engine and 
appropriate technical manuals pertaining to the engine. One 
cell had an engine with a bad spark plug; another had an 
engine with a defective carburetor; another a defective 
starter; etc. Correlations were obtained between the indi¬ 
vidual's score on this performance test and the individual's 
ET, CER, ES, and diagnosis question scores. The following 
data were obtained from these comparisons: 

Project performance test data on screen. 

PERFORMANCE TEST vs ES r = .19 
PERFORMANCE TEST vs ET r = .31* 
PERFORMANCE TEST vs CER r = .14 
PERFORMANCE TEST vs DIAGNOSIS r = .33* 
QUESTIONS 
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CONCLUS IONS 

In general, no positive conclusions for ail MOS 
evaluation tests can be drawn from the above data due to 
the small number of soldiers and MOS from which data were 
derived. (There are over a million soldiers and more 
than 900 MOS skill levels in the Army), Yet some definite 
trends are apparent: 

1. Consistently higher correlation between 
diagnosis questions and MOS evaluation test scores for in¬ 
dividuals than for CER or total evaluation scores. These 
correlations are statistically significant as indicated 
above. 

2. Consistently low correlations between scores 
made by individuals on CER when compared with individual 
scores on Diagnosis Questions and when CER score is com¬ 
pared with Brown Board Performance Tests. 

3. Slightly higher correlation between diagnosis 
questions and performance test scores than between perform¬ 
ance tests and ET scores made by individuals. 

It is assumed that the performance test used by the 
Brown Committee is valid, i.e., the results (scores) 
measure the actual abili-y of soldiers to diagnose equip¬ 
ment malfunction. Thus the slightly higher correlation 
between Diagnosis Questions and Performance Tests than be¬ 
tween ET and Performance Test scores in the case of MOS 
Code 63C?0 mav prove significant. If this assumption of 
performance test validity is correct, then both the ET and 
the Diagnosis Question scores have a definite but small 
relationship with those soldiers most proficient in diag¬ 
nosing equipment malfunctions. A higher relationship may 
have been obtained if the troubleshooting questions could 
have been developed or the same or similar situations used 
in the performance tests. 

SUMMARY 

Following the assumption that the Brown Board Per¬ 
formance Test was valid, data obtained from these experiments 
establish a trend indicating that a significant positive 
relationship exists between Diagnosis Questions and ET score 
and the soldier's Performance Test score. In addition, the 
ES and the CER have a slight, almost insignificant relationship 
with a soldier's ability to diagnose specific equipment 
malfunction. A slightly higher coefficient of correlation 
was obtained between Diagnosis Questions and Performance 
Test scores of individuals than between ET and Diagnosis 
Questions scores. This trend Indicates that high individual 
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scores on equipment malfunction Diagnosis Questions may 
predict slightly more accurately an individual's ability to 
satisfactorily diagnose specific equipment malfunction than 
will the overall ET score. 

If the Brown Board performance tests are valid (and 
they appear to be), the statistically significant correlations 
between scores made by individuals on performance tests 
and evaluation tests tend to support the view that MOS 
evaluation tests are valid measuring instruments of job per¬ 
formance. 

RECOMMENDATIONS 

Based upon the positive findings of this study, the 
following suggestions are made: 

1. All "operator" (i.e., MOS requiring operators 
of equipment to perform user maintenance) evaluation test 
outlines contain one broad subject-matter area to test ser¬ 
vicemen' r; knowledge of "CAUSES OF EQUIPMENT MALOPERATION" 
and one broad subject-matter area to test their knowledge 
of "USER MAINTENANCE OF EQUIPMENT" which would include 
cleaning, oiling, organizational maintenance adjustments, 
and component or part replacement, etc. where required to 
eliminate maloperation. 

2. All maintenance and/or repair evaluation 
test outlines should contain .broad subject-matter areas to 
test DIAGNOSIS OF EQUIPMENT MALFUNCTION and REPAIR/ADJUST 
TO ELIMINATE EQUIPMENT MALFUNCTION: - 

3. Correlations should be obtained between exist¬ 
ing performance tests and diagnosis and/or repair questions 
and evaluation test scores for individuals, where existing. 

4. Where feasible, military testing services 
should prepare and administer additional job-performance 
tests (on a one-time basis) to representative samples of 
soldiers working in pertinent jobs and obtain coefficients 
of correlation between individual evaluation test raw scores 
and diagnosis and/or repair question scores and the indivi¬ 
dual performance test scores. 

5. Based upon the results obtained from the pre¬ 
ceding four steps, evaluate the feasibility of using the 
raw ET score and/or the raw diagnosis (and repair) questions 
score of individuals to predict the best performers on the 
job. 
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CURRENT TRENDS IN BANDSMAN MOS PERFORMANCE TESTING 

A. J. Strigari 
US Army Enlisted Evaluation Center, Fort Benjamin Harrison 

Indianapolis, Indiana 

To adequately grasp the significance of a current trend 
it is oftentimes necessary to begin with a search of the past. 
If one wished to understand, for example, the rationale be¬ 
hind the first conceived psychological tests of the early 
nineteenth century, certain recognition would have to be given 
to contributing influences from the sciences of physiology, 
and of physics since the founders of experimental psychology 
were schooled in the traditions and backgrounds of these 
disciplines . 

Today, Army bandsmen are required to take two perform¬ 
ance tests. Specially prepared original music selections 
written by the US Army Element, School of Music, are printed 
in test booklet format and then distributed to test control 
officers in the field. Examinees are given a copy of one of 
the performance tests 30 days ahead of time. The second per¬ 
formance test is handed out on the day of testing. Both 
tests for each examinee are recorded on magnetic tape. A 
trained technician who is also a musician monitors the re¬ 
cording. The tapes are replayed to determine their adequacy 
and then are forwarded to a board of Army musicians who 
evaluate them. 

The development of Bandsman MOS performance testing to 
its present state began in 1963 when the US Army Enlisted 
Evaluation Center conducted an experimental study to investi¬ 
gate the feasibility of incorporating a second performance 
test into the bandsman program. Prior to 1963, the state of 
bandsman performance testing was characterized by an almost 
exclusive concern with the sight reading ability of the Army 
musician. It became apparent eventually that the sight read¬ 
ing test alone could not provide an equitable measure of the 
capacity certain musically gifted individuals demonstrate for 
the expression of music even though they are not very good 
sight readers. Conversely, it was also believed that the sight 
reading test alone could not provide an equitable measure of 
those individual!: who, though possessing a high degree of sight 
reading ability, were lacking in the capacity to express music 
artistically. 

The prime purpose of the experimental study was to de¬ 
termine if a significant increase in the accuracy of prediction 
of an individual's consummate musical skill would result when 
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a second test of performance - one designed to stress the ex¬ 
pression and interpretation of music arrived at through prac¬ 
tice, was introduced into the performance testing program. A 
further purpose of the experimental study was to determine 
the effectiveness of a newly developed scoring form which 
could be used by bandsman evaluation boards in appraising 
the skill possessed by examinees. 

The method used in the experimental study took under 
consideration the official sight reading performance test, a 
prepared performance test, co-worker ratings, the currently 
used scoring form and a newly developed scoring form. The 
sight reading performance test was recorded on magnetic tape 
following a 7 minute warmup and practice phase by each exam¬ 
inee. The advance preparation performance test was distri¬ 
buted to the same examinees approximately 10 days ahead of 
the date on which the recording would take place. The exam¬ 
inees participating were selected from 10 Us Army bands lo¬ 
cated within the continental United States, Tapes contain¬ 
ing the two types of performances were forwarded to the US 
Army Element, School of Music for scoring which was accom¬ 
plished using both scoring forms. The sight reading test 
was scored several months ahead of the advance preparation 
test. At the outset of the experiment, co-worker ratings 
were obtained for the examinees who were to participate in the 
study. These ratings would serve as an external criterion 
against which the experimental test scores and the official 
sight reading scores would be compared. All data collected 
was then sent to the US Army Enlisted Evaluation Center for 
analysis. Intercorrelations using the Pearson product-moment 
technique were obtained among the two scoring forms, the 
official sight reading socres, the advance preparation ex¬ 
perimental scores, and the co-worker ratings. 

Results showed that correlation co-efficients between 
scoring forms and performance tests ranged from ,67 to ,73, 
Co-efficients between the criterion and the performance tests 
ranged from .50 to .55. The validity co-efficient between 
the criterion and the advance preparation test was ,55. 
Correlations between combined test scores and the criterion 
revealed that a significant increase in predicting musical 
performance would result from the use of both performance 
tests. 

Recommendations following upon the experimental study 
strongly advocated the adoption of the newly developed scor¬ 
ing form found to be equivalent to the present form but more eco¬ 
nomical since it required less time to complete, and the use 
of an advance preparation and sight reading test for the next 
testing session in January 1966. 
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In January 1966, approximately 1200 bandsmen were test¬ 
ed for the record. The incorporation of the advance prepara¬ 
tion performance test into the official evaluation program 
represented a first in Army testing procedure in that exam¬ 
inees were actually allowed to retain the copy of this test 
until the time scheduled for recording. An interval of one 
month (December) was established as the period for practice 
between test distribution and test recording. It would be 
well to point out here that in the opinion of military musical 
educators, the condition of enabling bandsman to-practice in 
advance of testing closely corresponded to the rehearsal 
situation so commonplace in band preparation. Official test 
conditions had now become more analogous to the standard pro¬ 
cedures of every day training for Army musicians. The im¬ 
plication of this suggests that considerable face validity 
had been added to the testing program for bandsman and also 
that the formality of the testing situation with its attendant 
atmosphere of apprehension for the examinee would be lessened. 

The administration procedures for January 1966 were 
changed to include a pre-test meeting between examinees and 
the test administrator. During this meeting the advance pre¬ 
paration test was distributed to all those eligible for test¬ 
ing in the bandsman MOS. The practice period ensued. One 
month later examinees again met with the test administrator 
and received instruction on procedure for the official ses¬ 
sion. The sequence of testing steps included a one minute 
warm-up period, recording the advance preparation test, a seven 
minute practice period, and recording the sight reading test. 
Care was exercised to avoid any reference to the examinee's 
personal identity, skill level, length of service, or assign¬ 
ment location during the taping sessions. Test tapes were 
then sent to the appropriate bandsman evaluation board for 
scoring. 

An analysis of the relationship of the two types of per¬ 
formance tests for 1966 showed a high correlation existing 
between them. This high relationship was not found to exist 
when the experimental study was conducted. A re-examination 
of the procedure followed in the current year indicated that 
the cause of the high correlation may be attributable to 
inherent "halo-" or rater bias on the part of the bandsman 
board members. It will be recalled that during the experi¬ 
mental study, the advance preparation test remained separated 
from the sight reading test because the two types of tests 
were administered at different times. They were also evalu¬ 
ated at different times. Consequently, any given examinee's 
performance was not present on the same tape nor were his 
performance tests evaluated in consecutive- order. 

The administration of performance tests for bandsmen in 
January 1967 will reflect the changes of previous years. 
Only through such a consistent and constant refinement process 



can efforts to perfect the standards sought after in on¬ 
going human appraisal he realized. 
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DO SCHEMATICS HELP 

By 
Fred B. Honn 

US Army Enlisted Evaluation Center, Fort Benjamin Harrison 
Indianapolis, Indiana 

PURPOSE 

INTRODUCTION 

The purpose of this paper is to examine the merits of 
using items based upon schematic illustrations and items 
based upon problem situations without benefit of any illus¬ 
trations as currently used in the Army's MOS evaluation tests. 

BACKGROUND 

The basic purpose of MOS evaluation tests is to mea¬ 
sure the job proficiency of enlisted personnel in their 
everyday operation on the job. Those soldiers with the high¬ 
est degree of job proficiency should score highest on the 
MOS evaluation tests. Those with the lowest degree of pro¬ 
ficiency should score lowest on the tests. This has been 
shown to be true to this extent: on approximately one-third 
of the tests validated against an ou side criterion, the val¬ 
idity coefficients have been in the .40 to .60 range; also, 
on about three-fourths of the tests validated, the validity 
coefficients have been above .25. 

The performance of items in MOS evaluation tests is 
evaluated in nart by the p-value (difficulty level) of the 
item and by the discrimination index (risma) of the item. 
The latter statistic (point bi-serial r) is a measure of tht 
extent to which the item discriminates between the upper 
(high scoring) and the lower (low scoring) groups within a 
major subject-matter area of the test. 

The desired range of p-val t for a 125 item MOS evalu¬ 
ation test is between .50 and . The minimum acceptable 
discrimination index is +.20. L. ng the last several quart¬ 
erly test periods it has come to the attention of the Enlist¬ 
ed Evaluation Center that far too many schematic items have 
had p-values which were below the acceptable range as well as 
having unsatisfactory discrimination indices. Most often 
these items have been too difficult and too many have had to 
hereplaced due to an unsatisfactory Index (less than .20). 

1 Thus far the MOS evaluated tests which have been validated 
xcover about one-third of the Army's enlisted personnel who 
have been tested. 
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In the comparison of performance for two types of 
items in MOS evaluation testing, the better performing type 
would have a higher p-value (relatively easier) up to an 
acceptable maximum, a higher discrimination index, and fewer 
items would have to be replaced because of r values of less 
than .20. 

HYPOTHESIS 

This project was designed to test the hypothesis: 
Situational type items in Army MOS Evaluation Tests perform 
better (have a higher p-value and a higher r value) than 
schematic based items. 

PROCED JRE 

Since there are numerous MOS evaluation tests which do 
not utilire schematics, the tests used in this study were, 
of necessity, somewhat restricted. Therefore, the first 
ten MOS in three units of the Test Development Branch of the 
Army's Enlisted Evaluation Center were selected in numerical 
order. This otherwise random selection yielded sixteen 
evaluation tests from the ten MOS, all of which were admin¬ 
istered during November 1965, and a total of 115 items of 
each type. The test population of these tests varied from 
a low of 26 to a maximum of 1,024. In short, the data used 
in this study are based upon the testing of 3,321 enlisted 
soldiers. 

The sixteen tests were distributed among the occupation 
al areas as follows: 

OCCUPATIONAL AREA NO. OF TESTS 

Combat Surveillance + Target Acquisition 2 
Guided Missile Electronic Maintenance 5 
Radar + Microwave Maintenance 2 
Field Communication Equipment Maintenance 1 
Fixed Plant Communication Equipment Maint. 
Armament Maintenance 1 
Power Production and Distribution l 
Engineer Heavy Equipment Oper. + Maint. 

One additional point of clarification. Neither the En¬ 
listed Evaluation^Center nor this paper makes any attempt 
to refute Bloom's“ categories of objectives. Rather, we en- 
couratie utili/ation of test items alone the lines of Bloom's 

9 
'■Bloom, Benjamin S., editor Taxonomy of Educational Objectives. 
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taxonomy. This paper is limited to examining the effect¬ 
iveness of application, analysis, synthesis, and evaluation 
as exemolified in but two particular types of items namely, 
schematic based and situational or problem items 

Those items used in this study were paired accordine 
to hroad subject-matter areas in each skill level of each 
MOS. The items were such as to require mental processes 
bevond mere recall or recognition. The final criterion of 
item selection was that an equal number of items, schematic 
and non-schematic, be selected from each outline area of 
each test. 

RESULTS 

The results of this preliminary study show quite 
clearly that based upon the data available, the performance 
of problem situational items is better than the performance 
of schematic based items. 

TABLE 1 shows that the problem situational items func¬ 
tioned much better than the schematic items as to the discrim¬ 
ination index. Not one of the sixteen tests showed an aver¬ 
age r-va lue of less than ,20 for the situational items. How- 
eY®r» nearlv half of the tests showed r-values of less than 
.7.0 for schematic items. Taken item by item, the percentace 
o«sit:uat:*ona* *tems Per test having r-values of less than 

.20 exceeded twenty on just three of the sixteen tests; but, 
the nercentage of schematic items per test, having r-values 
of less than .20, exceeded twenty 10 times out of 16. Nor¬ 
mally, wouldn't you have expected just the exact reverse to 
he true? Remember, these soldiers have job descriptions 
which emphasire knowledge of and experience with schematics. 
Therefore, from this data one can only conclude that the 
discriminating power of the situational item is much greater. 

TABLE 1A shows that the difficulty levels for the situ¬ 
ational items is more satisfactory than for schematic items. 

In only one instance, 45H20 - Small Missile Systems 
Repairman, was the mean p-value of the situational items 
more than five points beyond the desired range of .50 - .75. 
Further, this was the only test on which the situational it¬ 
ems were significantly too difficult. On the other hand 
the schematic items showed a mean p-value which was more 
than five points beyond the range on nine of the sixteen 
tests: twice, the items were too easy but seven times 
schematic items were rather difficult. 

TABLE 2 shows the performance of schematic and situa¬ 
tional items by occupational areas. Clearly, the situational 
items performed better. 
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In six of the eight areas, the schematic items showed 
mean p-values below the desired range. I . just one occupa- 

a^eaiWa^ the mean p"value for situational items be- 
Ik ÎÎ!ir?eS}led/an?e." Arn,ament Maintenance. Even then. 
cflMdfffíCUlty ¿eV6u for the 3ituational items is more 
laíÍ2faCí°íy’ 'SÍ¡ther¿ in only two areas ’ Co^-bat Surveil¬ 
lance and Fixed Plant Maintenance - did the schematic items 
have a more satisfactory difficulty level. 

thf 1116311 r-vaIues* the superiority of the 
situational items is even more pronounced. Three areas 
showed mean r-values below .20 for schematic items. None 
Wyr^bfr°Wu’"°c-for situational- items. Only one area of the 
eight (Combat Surveillance) showed a more satisfactory mean 
r-vaiue for the schematic items than for the situational 
IT 0 'll S , 

.„ TASLE 3 shows the performance of the two types of 
i ems by MOS skill levels. Excuse the monotony, but again 
the schematic items had to take a back seat. K 

rmlv c^ra^?’Value f0r,^h? four skiL1 levels showed only slight differences. While the two skill level showed 

items" l6Vel f°r the situai“ items, the five skill level showed a more satisfactory p- 

forUthp°ïhr« r5ertlC Ajm0st: no difference Showed tor the three and four skill levels. 

However, the mean r-values for the situational items 

fo£esch£m¿Mraíry beîter 3Î eVery Ski11 level- The values ÍZ n? emS h0^red near or below the desired mini- 
TKe saml for the situational items was 

considerably above the minimum for each skill level. 

A somewhat different picture comes from a validation 
study of one missile electronics MOS. The MOS did contain 
one major area which was devoted entirely to readinc schem- 

^a Ca9*h.IírhVal^ÍtyT?0effíCÍent f0r the area °n scßeÄ was a healthy .35. If we had similar studies for the ten 
MOS covered by this presentation, perhaps we'd have the 
answer to our quandary. Obviously this presentation be- 
ing limited to measures of internal consistency can't 
yield the data to be obtained from a validity study usine 
an outside criterion. Hence, we can only conclude that more 
questions have been raised than have been answered. 

* .-4/dj1^6?17’ this Present study is far too limited to 
justify decisive action regarding use of schematic drawines. 
Due to present mission commitments - both at the Enlisted5 
Evaluation Center and in the field agencies - the ideal 
research of this matter is not now feasible. It is hoped 
this presentation does point up the real need for further 
investigation so that we may shed more light on the problem 
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of using schematics in MOS evaluation testing. 

Obviously, the researchers will have to visit our 
nfca^ schools to analyze teaching, classroom procedures, 

and the emphasis placed on mastery of schematics in the 
classroom and on the course tests. Then, by consulting 
with field personnel, construct alternate forms of the test 
in such a way that the same question is asked verbally on 
one form and by reference to a schematic on the alternate 
form. Next, these alternate forms have to be administered 
to a representative sample of personnel who are working in 
the MOS selected for study. Having accomplished at least 
tnis much, our researchers can accumulate highly objective 
data which will permit definitive analysis or the problem. 

Meanwhile, it is hoped you people will give serious 
thought to this matter. Here are a few questions which 
need your thinking: 

1. How can we be sure that schematic items are job- 
oriented? J 

2. Do dozens of statistically questionable items 
justify increasing test printing costs from 50 to 75%? 

3. Why don't schematic based items function better 
when our schools have been teaching schematics? 

4. Why don't NCO's and supervisors show mastery of 
schematic items taken from current publications and refer¬ 
enced to current equipment? 

5. How many schematics are needed on any one test 
to cetermine whether the examinee can read schematics? 

6. How do you use schematics of 24" x 36" size when 
we start using the Cathode Tube? 

- *ny answers and/or suggestions will be welcomed by 
♦-Ha wTtf* 7 

No#;, one final thought is offered. This paper did 
not ignore the appropriate theme of this conference. Is 
our evaluation effort just going on - or, is it trulv on¬ 
going human appraisal? In short, then, in this day of tight 
budgets and ZERO DEFECTS, is our Uncle Sam getting a dollar' 
worth of value for our dollar's worth of evaluation effort? 
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TABLE 1 

Performance of Schematic and 
Situational Items - Army MOS Tests 

r - VALUES 



TABLE IA 

P - VALUES (.50-.75) 

MOS 
SKILL 
LEVELS 

NR. OF 
ITEMS 
TEST 

1- 
SCHEMATIC SITUATION 

MEAN 
P 

BEYOND 
RANGE 

MEAN 
P 

BEYOND 
1ANGE 

17F20 7 77.7 + 3 48.6 -1 

17F40 6 84.5 +9 65.3 

22G20 6 59.7 53.3 

22J20 10 37.0 -13 60.0 

22J40 10 56.6 66.5 

22K20 10 35.7 -14 48.9 -1 

22K40 6 37.2 -13 45.5 -5 

26L20 10 33.9 -16 54.1 

26L40 8 50.1 61.5 

31B20 10 34.8 -15 54.1 

32Z40 5 53.7 50.8 

32Z50 5 56.0 49.0 -1 

45H20 4 25.0 -25 35.0 -15 

52D20 5 32.2 -18 59.8 

62C20 7 

f™* 

46.0 -4 54.0 

62C30 6 45.2 -5 45.0 -5 
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TABLE 2 

Performance by Occupational Areas 

OCCUPATIONAL AREAS 
NR. 
OF 
ITEMS 

MEAN P MEAN r 

SCH SaT DIFF SCH SIT DIFF 

Combat Surv. + Target Aca. 13 .797 .563 -23 .392 .244 -15 

-_Guided Missile Electronic Maint. 42 .447 .559 11 .240 .343 + 10 

Radar + Microwave ilaint. 18 .411 . 574 +16 .170 .327 + 16 

- field Commun. Eouio. Maint. 10 .348 .541 + 19 .207 .398 + 19 

Fixed Plant Comm. Equip. Maint. 10 .551 .500 -5 .152 .237 + 13 

Armament Maintenance 4 .250 .350 + 10 -.027 .305 + 33 

Power Production + Distribution 5 .320 .598 + 28 .246 .322 +8 1 

Ener. Mpavv Eouin. Oner. + Ma<nt _+4_ .236 .324 +9 Í 

TABLE 3 

Performance by Skill Levels 

SKILL 
LEVELS 

NR. 
OF 
ITEMS 

MEAN P MEAN r 

SCH SIT DIFF SCH SIT DIFF 

Spec- 2 _$2_ JlZSL .529 + ll .221 .320 + 10 

Soec. 3 6 .452 .450 -.2 .147 .395 +25 

NCO 4 _1L_ + 3 .249 .328 +8 Sr. 
NCO 5 5 . 564 .492 -7 .232 .286 +5 



~Tntttf11irwiiiiii li 

INTRA-INDIVIDUAL VARIANCE AS AN APPRAISAL 
(ABSTRACT)* 

TECHNIQUE 

Cluude F, Bridges 
Office of Research 

N. S. Military Academy 

™ variance of an individual's scores on a batterv 
of measures, or major components thereof, is a commonlv V 

0f differences.’ Such "p^Ue 
readily obtained statistic reflecting one 

wi?Mdiff^e?SeSiin the interrelationships of meas- 
individSSl va?iancpUo¿S; The poPulation variance in intra- inaiviauai variance on a group of measures often i«* lar&or 

posit encore verllñce l^thl 
" „ ° e based on these component measures. Approorl- 
ate formulas are given. Data oresented shows that Int?». 

seUctedatoVOTedlct’.rnHbeía wel*hted "««aures In a battery selected to predict academic success at the U. S Mi1itarv 

acadolü? haS sii?nlfiSaVt curvilinear relationship’with both 
MÎhÎÏ1 aXer?8e and 'over-achievement." Cadets earning 
higher academic averages than predicted by the batterv 8 

theebattervÍCthííyHm0re ¡¡ftero8®neou8. °n the measure! in 
tne battery, than "parachievers" and "under-achievers " 
cademically successful cadets were not slgnificantlvmore 

heterogeneous than cadets separated for academic failure! 

nr" C?7rí?te.paDer^ÍrhJconsiderable additional data will 
be available to qualified requestors from the Office nf 
Research, USKA, West Point, N. Y. 10996 f 
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tribulations of testing 

Philip Ash, Research Assistant to the Vice President 
inland Steel Company 

vorldYln ¡DhLk'"'6 ?î,serv?‘l. os I have, that In this changlne 
chance the h ^he spotlights move, the controversies 

™ñySv¿a« oubHrii8 never tfie same- For l-stancet for 
yea5s P^lic education went Its quiet wav Nobodv 

paid much attention to what teachers and prlncInals and 
superintendents and boards of education were un 
perhaps except the ladles of the ?TA anï the Lxpa^rs ^ 

beramlaíl!;0ns; ^ then* qulte suddenly, public education 
local^eovernnAnf’ 0Yer yhlch the bitterest fights of 
had to deal with strik^n8^'301^^’08 5a8e(*« City superintendents 
plcketlne civil teacheïs» b°ycottlng parents, and 
of them g U gh 8 group,‘ Tt ha8 b®en too much fir some 

nrof*«?JÎTÎ tSlng has haPPenec* to real estate brokers. This 
clash if?«« 8 bec°me f storm center, the focus for a public 
Es?aïe Lard e? and val^s- Policies of the ChiLgo Real 
ínífrfcr fPf,example» have become a matter of public 

b?okír hasnbeen f¿rcedntorn# And î?e nel8hborhoo<i ?eal estate 
for hís entir! concern hiroself with problems which 
deal with 1 he may never before have had occasion to 

îan 5hink of other examples as well as I. In the 
thpCfn? Pl? °f yf?fs the P°llce of our cities have become 

stronglySthey «^“rûïcïïÎdX“"^0™”^. 2^°™ 
do^somebôdy^feeïs ^hltlcîs^ronr^"8- 'N° “hat th*V 

-not 

men and police officials. We too havIbecoSI thlcenieí of 

and tSorLs0"^^?7, °Ur tradltlonal tools, technîquls 
1 fof vears were used with confidence and 

questl?n hy achools and colleges, by employees and 
guidance couselors, by civilian and military aeenclei nf 

everyon.nfron^unhann8 «.«UlcaPexfmïnaMon by 
eSîly™he la????/8” t0 th<! Unlted States Senat0” " 

These criticisms arise from a variety of sources and 
they have a variety of causes. Some of the crÍ?lÍs din*? 
now what they’re talking about, but others are well-informed 
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and have made effective statements about the use and misuse 
of teats. Tonight I should like to discuss three areas of 
criticism of testing — the invasion-of-privacy problem, the 
racial discrimination problem, and the attack on testing for 
employment and promotion which is being made by the unions. 
Because I believe most of us here tonight are more directly 
concerned with the use of testing in connection with matching 
a man with a job, I shall not go into the attack on testing 
in the schools. That Is a subject for another night. 

The first shot that 1 can remember in the campaign 
against testing was fired over a decade ago, in William H. 

lïî’u bo°^Tje Prganl-zat:log Man- Whyte's blast began what 
might be called the anti-conformist battle against testing, 
later to develop into the anti-invaslon-of-privacy campaign. 
Under-ground much of the time, occasionally it broke into 
public view when a journalist or other freelance writer would 
publish an article or a book lambasting tests and testing and 
condemning anything more sophisticated than a typing speed 
test. 

I suppose all of us remember Whyte's Six Commandments 
for Taking Personality Tests. He advised: "To settle on 
the most beneficial answer to any question, repeat to yourself: 

(a) I loved my father and my mother, but my father a 
little bit more. 

(b) I like things pretty well the way they are, 
(c) I never worry much about anything. 
(d) I don't care for books or music much, 
(e) I love my wife and children, 
(f) But I don't let them get in the way of company work," 

Six years later Martin L. Gross wrote a book called the 
BpaInwatcher§. This one was an attack aimed specifically at 
personality testing. But somehow the author's aim was not 
good. A fair number of reviewers seemed to feel that Gross 
had come out with a broadside against all types of tests and 
testing. 

At about the same time there were at least two other books 
and a spate of magazine articles, all of which took as their 
theme the unfairness of permitting test results to decide the 
fates of people — in industry or in education. At that time, 
no one paid much attention to you in the military or government. 
Your turn came later. Guerilla attacks were made by parents 
of public school children in a scattering of communities, and 
they won a big one when the public schools in New York City 
discontinued all types of testing — except course testing 
in the classroom by the teacherv 
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Hw» J?T?tline8 lt Wfls not t0° easy to discern exactly what 

£ iÆï\!ür; ureiuabout- Pa“of th® 
and nart nftîîfttîftS ïïey were obJecting to were Invalid; 
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ího k-77 specifically personality tests — found its wav to 
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S Hid‘vr 
ofevc^rSS 
abouththe^rlght of 
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like the proper use of the MMPI by federal agencies It £!? 

effort to wat^ha AÍd a looS £u;beí oï 
exImïnatîo£ hvh?he recelvfd îhelr lnitiation8into the perils of 
is an exnpriton thG4,ï0ün?el of a con8re8sional committee. It 
s an experience which I am sure they will not forget. 

-a.-™6 Public in general tends to lump personality tests lie 

aîî íoeItSh^ds.th^lí OPer;tor;* and electronic eaíesdroppÍ£¿ 
alwaís8aíticul£tíhln5% he?id0n,t llkf* for reasons they cfn't 
put^£ thelsametciaas a«r£hly W? Psycboiogists don't like to be 
martini oí h?T u th? Prlvate detective with his buaeed 

j» j „J!!® furof in the press about the privacy issue however 
did not amount to much until Senator Frtf4r» «Li o ue* nowever* 
Gal lâcher took ,,n « 7®uaCor Ervln and Congressman 
the 1?65 and 10« h î ïlÎh cormlttee hearings during 
whî.h ï. t?d 1%6 !esslon8 of Congress. Frequently legislation 
Sí le«t o? ?hr'™.PyîP08e,0f.h?Vln* «™l“ca heïfufs, ÎÎ ’ 
secure SncMilml i^ih’ Legl!latlon wa8 "or necessaly to 
Clílí “a® Il Paraooallty tests from the 

KÄÄÜs'iHv” -¾ STÄS^ the United States Government in the enjoyment of their 
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constitutional rights and to prevent unwarranted governmental 
invasions of their privacy." It is interesting to note that 
the prohibition against requiring governmental employees or 
applicants to take psychological tests which inquire about 
personal matters is coupled with the provision restricting 
the use of the polygraph. The provision, as proposed, reads 
as follows: 

It shall be unlawful . . . to require or request, 
or to attempt to require or request any employee 
of the United States . . . or any person seeking 
employment in the executive branch of the United 
States Government, to submit to any interrogation 
or examination or to take any psychological or 
polygraph test which is designed to elicit from 
him information concerning his personal relationship 
with any person connected with him by blood or 
marriage, or concerning his religious beliefs or 
practices, or concerning his attitude or conduct 
with respect to sexual matters. 

Apparently, in the mind of Senator Ervin — and I believe 
in the minds of quite a few other persons — there is not 
much difference in principle between the MMPI and the polygraph. 

We as psychologists have an important responsibility. 
It is up to us to make sure that the public and its 
representatives know what the instruments we use can do and 
what they cannot do and that whatever legislation is enacted 
grows from an informed judgment about the relative values of 
privacy and of psychological assessment of employees and 
applicants. 

However, I am afraid that some of us continue to pursue 
our efforts to assess people without realizing that some of the 
things we are doing are being seriously and sincerely questioned, 
and that others may already fce of doubtful legality. Let 
me give you one example. 

We have long known that many personal items which can 
be included on an employment application blank are valid 
predictors of success on the job, of turnover, and so forth. 
This knowledge has resulted in the development of the 
concept of biographical data as useful material for prediction 
of job success. Division 14 of the AFA has assembled and 
published a long list of questions — A Catalog of Life 
History Items — which can be asked of prospective employees 
with the thought that members might find some of the suggestions 
useful and also contribute studies on the validity of some of 
the suggested questions. 
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prohibit, among other invasions of privacy, interrogating 
federal employees or applicants for federal jobs with intent 
to solicit information about personal relationships with 
relatives, or religious beliefs or attitudes, or attitudes 
and conduct with respect to sexual matters. Now if we look 
at the questions included in the Catalog of Life History 
Items, we find quite a few which would clearly fall under 
this ban. Consider these, for instance: 

Where did you get your early information about 
sex matters? 
How did your father feel in regard to you going 
to college? 
Do you feel your father has been successful? 
Who picked on you most during your youth? 
How would you characterize your home (happy, 
unhappy, etc,)? 
Which one of these problems has cropped up more 
than others with your wife? 

Now. I do not mean to suggest that none of these questions 
is useful in predicting success or failure on a job or in 
a company. Some of them may be quite useful. But the fact that 
they may be useful becomes irrelevant if asking them should 
be forbidden by law. 

I realize that nobody has yet told private employers that 
they cannot ask prospective employees questions such as these. 
However, in this as in other fields, the government is or can 
be a very influential employer. And if the Congress concludes 
that the federal government should not pry into the family 
relationships and the sexual beliefs and attitudes of its 
employees, how long will it take for Congress to decide that it 
is equally improper for private employers to do so? 

Therefore, in concluding what I have to say about the 
privacy issue, I should simply like to suggest that the battle 
between the defenders of privacy and the askers of questions 
has passed its preliminary stages. Privacy is probably 
on its way to becoming a constitutional right; not to be lightly 
infringed. 

I should now like to turn from the privacy battlefield 
to the civil rights-discrimination arena. Here too the askers 
of questions are under attack, but the nature of the attack 
is different. The subject matter, although sometimes it 
may be personality testing, is more often aptitude or Intelligence 
or achievement testing ~ something about which the defenders 
of privacy do not too often concern themselves. And the attack, 
again in contrast to the privacy campaigners are afraid of what 
testing can discover; the civil rights campaigners are more 
worried about what it cannot discover. 
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Again, at the beginning there were scattered 
skirmishes. Individual state fair employment commis¬ 
sions had received a few complaints that some employers 
were faking scores on tests given to minority applicants 
or were shortening the time limits, or were otherwise 
discriminating in their test administration practices. 
These practices were clearly outlawed by the respective 
state FEP laws, and the situation was simple. It was 
a matter of catching them at it, and then proving it. 
But this type of complaint was made relativfly infre¬ 
quently and the issues involved were cut and dried. 

However, the situation changed radically with the 
celebrated Illinois case of Myart v. Motorola. I do not 
propose to go into great detail about that case with you. 
Most of us will never forget it. But I would like to 
point out that the question which the case brought so 
forcefully to the attention of Congress, employers, and 
the public was not the basic question in the case and 
was not resolved by the decision. As things turned 
out, the question of whether or not the test given 
to Leon Myart discriminated against Negroes—or against 
anyone else—went essentially unanswered from the 
beginning to the end. 

Y°u will recall that in July, 1963, Leon Myart, 
a Chicago Negro, applied for a job as a television 
Phaser and analyzer at the Motorola plant in Franklin 
Park, a suburb of Chicago, and was given a brief 
intelligence test. He was not hired after being given 
that test, and he was not contacted later. When 
peyera, days had passed, he noticed that the company was 
still advertising for people to fill the job for which 
he had applied. Feeling that his prior education and 
experience should have qualified him for the job, 
Myart filed a complaint with the Illinois Fair Employment 
Practices Commission, alleging that he had "passed the 
test and that he had been discriminated against because 
of his race. 

After investigation by the Commission investigator 
and formal hearings before a Commission hearing examiner, 
the examiner issued his findings and recommendations, 
ihey were to the effect that what evidence there was 
did not refute Myart's allegation that he had passed 
the test. But in addition the examiner examined the 
test which, he had decided, Myart had passed and 
found that the test discriminated against culturally 
deprived persons-! 1 -----—— 
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The hearing examiner, therefore, also directed 
Motorola to discontinue using the test. 

It was the second part of the examiner’s opinion 
that caused all the trouble. The Commission on 
review held extensive further hearings to determine 
whether or not it should adopt the hearing examiner's 
findings, and these proceedings were almost entirely 
concerned with whether or not employment tests in 
general and this test in particular discriminate against 
members of minority groups—that is, whether they 
understate the capabilities of such persons to perform 
the job for which they are being tested. 

After the Commission's review proceedings were 
concluded, it sat on the Motorola case for several 
months, during which public and professional discussion 
of the test issue continued to focus on whether or not 
tests may themselves be discriminatory. After the 
general election of November 196^ the Commission issued 
its decision on review, in which it found that on 
the basis of the evidence available, Mvart had passed 
the test. That is, the Commission agreed with Bryant 
on this narrow point. But it made no finding that the 
test itself was or was not discriminatory. And it 
ordered Motorola to pay Myart $1,000, but it did not 
require that he be hired. 

Motorola appealed the case to the courts. The 
first trial court (the Circuit Court of Cook County) 
invalidated the Commission's award of $1,000, but allowed 
the finding of discrimination to stand. The Illinois 
Supreme Court looked again at the same evidence 
which had been analyzed by the hearing examiner, the 
the full commission, and the circuit court, and 
found that there was not sufficient evidence to permit 
the commission to find that Myart had passed the test. 
The Illinois Supreme Court's decision was handed down 
March ?4, 1966, almost three years after Leon Myart 
applied for a Job in Franklin Park (July 15, 1963). 

I have outlined the history of the Myart case 
not because I want to raise old questions or open 
old wounds, but because I think it is ironic that 
the case which is responsible for a far-reaching 
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Studies now under way may well have profound implications 
for all test users. Even though it may be true that a test 
serves as an accurate predictor of job performance for an 
applicant who was bom into and educated in the predominant 
White, highly verbal culture of the United States, this does 
not mean that the test will be an accurate indicator of 
possible job success for an applicant who has not shared— 
or shared only partially—in this culture. 

It is clear that if these differences are established, 
the employer who knowingly persists in using tests which have 
this effect is in fact discriminating against members of minorit/ 
groups and I am sure that as the sophistication of FEP 
commission members and courts grows, they will look for this type 
of discrimination in the testing practices of employers with 
all or mostly White workforces. 

The third and last campaign against tests and testing 
which I should like to call to your attention is the campaign 
being waged by organized labor. Just last week the AFL-CIO 
relèased a statement opposing the use of both aptitude and 
personality tests by employers. Bert Gottlieb, the federation's 
Director of Researcn, pointed out that the promoters of some 
tests claim to be able to determine whether a worker is liberal 
or conservative, pro-union, anti-union, or neutral. If these 
claims are true, he said, a managt ment—without coing anything 
to the union that is in existence—can In the long run 
seriously weaken it by using the test to weed out those people 
they feel would be good union members. 

The unions have of course traditionally been in favor 
of promotion within a plant on a strict seniority basis. In 
general, they feel that a worker earns a promotion by being 
there longer than anybody else. Sometimes they are willing to 
recognize the desirability of having a trial or probationary 
period after a promotion, to give the employer an opportunity 
to see whether or not the worker can do the job or learn it in 
a reasonable time. But in most cases unions do not seem to 
like tests. 

But it is only within the last few years that they have 
made much of an issue of testing. Perhaps this is because 
with the advent of more complicated and automated equipment, 
more employers have sought to use tests to help them determine 
more accurately who among their workforces could best learn to 
use this equipment. 

At anv rate, several unions have begun seriously to 
question the use of tests by employers. Most arbitrators have 
been willing to uphold an employer’s use of tests for promotion 
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human engineering methods of appraisal 

Robert L. Malone, Ph.D. 
Fry Consultants, Inc. 

Donald 0, Shepherd 
U.S. Naval Examining Center 
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These improvements include: 

...Improved definition and standardization of 
job tasks bised on a meaningful task taxonomy 

...Redesign of jobs and tasks to effect better 
utilization of skills and abilities within 
all segments of the population 

...More effective performance motivation 

The respective roles of Human Engineering and Psychological 
testing methods in bringing about important developments 
such as those enumerated can be brought into clearer focus 
by reviewing the area of Human Engineering and its methods 
for achieving effective human performance within the 
systems development context. There is no reason why 
this approach cannot be adapted to bring about improve¬ 
ments in industry and government as well as those which 
have been achieved in information, communications, control, 
weapons, and space systems. 

Review of Human Engineering as a systems-orlented discipline 

The role of Human Engineering in system design and 
development is to help achieve effectiveness of the entire 
system so that the system can perform its required 
functions within specified limits of speed, accuracy, 
reliability, and maintainability. Human Engineering 
seeks also to support design objectives of minimizing 
skill and training requirements, costs, and developmental 
time. We might say, therefore, that system design 
effectiveness is directly proportional to speed and 
accuracy with which the system performs, its ability to 
remain in sufficient operational condition to sustain 
that performance, and its ability to be restored quickly 
to that operational state when malfunctions or degradations 
occur. Its design effectiveness is inversely proportional 
to the levels of training and skills required by it as 
well as developmental and operational costs and development 
and activation time. 

Human Engineering seeks to help achieve effective 
systems design through a step-by-step methodology aimed 
at fulfilling a number of specific design objectives 
which must be progressively met as the system evolves. 

(Slide No. 1) 
These include: 

(1) Should there be a human component in the system? 
(2) If so, what functions should the human perform? 
(3) Within these functions, how should the required 

tasks be organized? 

■‘■Charles E. 
Force Personnel 
AF Systems Com., 

Gustafson and Marty R. Rockway, The Air 
Subsystem Concept, Aeronautical Systems Division 
Wright-Patterson AF Base» Ohio, 196?. 
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(*+) How should the equipment be designed and arranged 
to facilitate human and system performance? 

(5) How can we best protect and sustain man d .ring 
the operational mission? 

(6) What skills and knowledges must each individual 
possess to perform his tasks and functions 
adequately? 

(7) How iDänZ_men are needed to get the total job done? 
(o) What training is required and where and how can 

it best be accomplished? 
(9) What training equipment is needed and to what 

extent will it help develop the required opera¬ 
tional performance? 

(10) What manuals, or other publications 
are needed to facilitate learning and performance? 

(11) How wel1 does the completed system perform? 

The methods used to resolve these questions are 
applied in a somewhat definite order and in parallel 
with the design and development of machines or equipment. 

(Slide No. 2 - Briefly enumerate items next to 
numbered boxes) 

As this slide reveals, Human Engineering activities 
comprise the following steps which become more and more 
complete as the design progresses from the development 
phase to production and installation phases. 

(1) During systems analysis, functions must be 
assigned to men and to equipment in a manner 
that will satisfy system functional requirements 
and recognize the respective capabilities and 
limitations of men and e uipment. 

(2) Human task requirements must be analyzed and 
specified in sufficient detail to determine 
requirements which must be satisfied by equipment 
design so that total man-machine interaction and 
performance will meet system performance criteria. 

Criteria for the design of equipment derive in 
part from both general and specific human 
considerations. General criteria deal with 
those design features which research and 
experience have shown to be necessary to promote 
effective performance for any system namely, 
design of indicators, controls, illuminations, 
etc. consistent with human accuracy and limitations 
in sensing, processing, reacting, and decision 
making. Reference documents and handbooks 
containing these 
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criteria are readily available. Specific criteria 
for equipment design evolve from the analysis of 
functions and tasks to be performed by the human for a 
particular system, and these criteria depend on the 
type of functions, how they were allocated, and the 
concept for operating and maintaining the system. 
For example, in processing messages in a communicat¬ 
ion system, the human may be required to compose the 
message by means of a typewriter input, by means of 
depressing alphanumeric characters which select pre¬ 
formatted segments of the message, or by simply keying 
in the type of message to be composed automatically 
from pre-stored data. 4iichever approach is used 
will govern the nature and design of equipment pro¬ 
vided for him. Further, the procedure to be followed 
in preparing, checking, safeguarding, and transmitting 
messages for the given system will govern the surface 
panel design of console equipment so that correct 
sequencing can be facilitated, 

(3) The third Human Engineering activity involves specifying 
the criteria for equipment design and, in turn, determin 
ing what skill, knowledge, and procedural elements 
are imposed on the man by the type of equipment, its 
complexity and limitations. In order to minimize skill 
and training requirements as well as selection 
problems, it is a customary design goal to Svt equip¬ 
ment design criteria minimally at the 5th percentile. 
However, cost and time constraints may require com¬ 
promises or tradeoffs so that skill and training re¬ 
quirements incorporated into the design may at times 
be somewhat greater than hoped for. The importance of 
considering carefully how man and machine impose require 
ments on each other can be illustrated by the following 
slide which shows that the equipment input and output 
is dependent on the sensing, processing, and reacting 
activities of the human operator. Similarly, the human 
input and output are Influenced by equipment 
performance. 

(Slide No. 3) 
(4) Important next steps involve design of the various 

jobs to be assigned to operations and maintenance 
personnel and the specification of the work environ¬ 
ment in terms of the arrangement, functionally and 
physically, of men and equipment, the size of quarters, 
illumination levels, ventilation, safety, and other 
considerations influencing comfort, protection, and 
performance effectiveness. Task analysis data derived 
and organized by means of work sheets is used to guide 
the design of jobs. The kind of information dealt with 
is illustrated by this sample worksheet. 



oflthl8^fòrm)" EnumeraCe the major jeadlngs 

men, and equipment in the work 
ÄT^KSh?uld,S?fk, t0 mlnlmtze the overall effort 
y which behavioral links or interactions between 

men and equipment are implemented. To achieve 
tnis, both frequency and importance of linke 
are ejtamined so that a diagrammatic solution can 

£lmllar to that achieved with sociometric 
I 4 4 r®fu^ting arrangement is preferred 

which minimizes distance and effort required to achieve 
tne required visual and motor tasks in appropriate 
procedural sequence. The functional relationships 
based on link analysis and the resulting physical 
layout which attempts to fulfill the relults of the 
link analysis are illustrated in the next slide. 

(Slldé No. 5) 

5) ÍÍ?ílltífe ®anP°w«r planning, selection, and 
thefHumfn Engineering program includes the 

number, and type of personnel deemed applicable for 
each position, their prerequisites and estimated 

Tra1lnln8jequipment, training and per- 
¿ manual® and checklists are developed 

or specified from the same source data used to derive 
the personnel requirements information. The source 

î”SlS?es.tafk analysis work sheets, functional 
dí!oíIOC5 dl??rams» equipment design and evaluation 

data, System detailed performance criteria, work 

drawl5£?J and tp?roprLate contractual 
m«e£*^Catj0nsû much of the effort is analytical 
^nHvPnfat|d providing simulation Ind ' 
study of design alternatives are used to evolve and 
verify the selected results. 

(6) al41 phases ef system design, evaluation and 
ïerî£ jtl?n must be conducted as an ongoing activity 
As the design progresses, decisions are made which ^ 
may impact the entire design of the system and per- 
hpas undermine earlier design decisions unless the 
verification process is carefully maintained. This 
evaluation deals with both the products and the 
processes involved in the design of the system. Has 
the appropriate task information been developed? Are 

^8^8.3^ Procedures designed to mlnize skill 
and twining reguirements? Is the equipment designed 
in a manner to rac11itate rapid and accurate task 
performance. Have the necessary performance aids 
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and support equipment for operating and maintaining 
prime equipment been Identified and developed? Is 
the Integrated and Installed system capable of meeting 
Its specified requirements of speed, accuracy, 
reliability, and maintainability? 

Evaluation of these questions Involves a variety of 
methods ranging from controlled experimental study 
of design variables, simulation of system operation 
using computers, mockups, and pencil and paper methods, 
checklist review of design criteria, statistical 
computation of reliability and maintainability, and 
proficiency testing of Individual and group performance 
In operating and maintaining the system. These 
evaluations are ultimately focused on the objective of 
meeting contractually specified system criteria, and 
the design Is acceptable If these criteria are ful¬ 
filled. When the criteria are unfortuantely not 
fulfilled, diagnostic analysis Is required to Identify 
those aspects of the design which have either fallen 
short or which could feasibly be Improved to get the 
system performance within specified limits. 

OteUmgs thflt Í.U 
As technology Increases and more complex systems and 

sophisticated equipments are developed, we can anticipate 
further challenges In the effective development and utilization 
of available manpower to perform human task requirements, 
especially programming, maintenance ana production task require¬ 
ments associated with advanced systems. Present systems have 
already felt the impact of critical manpower shortages and the 
attendant difficulties of training and utilizing personnel 
having less than the desired aptitudes for learning and performing 
assigned system tasks. As operational tasks are automated, the 
problem multiplies on the maintenance task side. To facilitate 
more effective utilization of available manpower In the face of 
a growing technology. I believe standardized psychological 
testing and appraisal methods have a great deal to contribute 
both within and outside the context ot Human Engineering and 
systems design and that those methods should be utilized to 
greater extent than they have in the past. 

There is a need for more objective and systematic speci¬ 
fication of knowledge and skill requirements. Standardized 
task taxonomy and classification methods based on objective and 
operational data generated through test and appraisal methods 
will permit more effleient and accurate specification of human 
requirements. It will also provide a basis for more efficient 
grouping, and possible regrouping In advanced ways, of tasks and 
task elements. Regrouping of tasks and redefinition of jobs, 
departing from traditional practice, seems inevitable If we hope 
to utilize diverse levels of talent in future industrial, govem- 

a 
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llllï;ry systems. Military systems design has 

?«nÎîat^rfî"S!‘derarle deharture from traditional practice 
Ä j of jobs and utilization of manpower, as 

by4î!?e number of new specialty codes and shredouts 
17 Personnel and organization structures, 

objective and systematic definition of task requirements 

lht}^ti0n3 l2 of ablllty and training differences 
Imnor^n^SiT? furtbef ^ggest ways in which Idditional 

d.lvlslon® of labor may be achieved. It would also 

level, ^ea„?.^Ve /SSeSfment: 0f training and skill requirements 
irrniff-í Agl ?n Siage of system development so that more 
desVan ï0uld be Provlded of the degree that 
design^objectiyes have been achieved. In othervords, where 
are we. What is our batting average at this point in design? 

WM loA^aîtendjntiPr0buim lnvolves the area of motivation. 

wî.l«f1Lî1?e9l5n.°b e?tlve t0 desl?n the ^ob at minimum 
kl11 a?d training requirements, the resulting 

SrtniÍÍ«?iITiay«requirei_1'i't:tle lmaSfnation or become routine and 
non-challenging to those at higher aptitude and skill levels 

oe^soïîî^rH «întl?n haS been Pald to the motivational and 
personal adjustment aspects of performance, except primarily 

cation^dÜr-i°f peJsonal reliability and secrutiy risk impli¬ 
cations deriving from personnel reaction to stress. 

Assessment of the motivational aspects of job desivn to 

íLthod«er Fhroußh Psychological testingJand appraisal 
fn^nrl sh^ld.halP 70t only to improve ultimate system per- 

Tt mlght also provide significant groundwork for 
improving motivation in other spheres, including industry. 

m0H,JrCíeaSeduUSe ®f Psychological testing and appraisal 
methods to seek such improvements should be most fruitful in 

Engineering and systems design context because of 

flnnrÍ^írderendení and lterftlve nature of the systems design 
his n^fArmin/»COntra?5’ ®^fluatlon and assessment of man or 
dl«lï!îf Slde ïh4ls COT!text: leaves a great deal to be 
thplmfln‘rflnnlh tl0n' Lraln}-ng» development, and utilization of 
the man cannot appropriately be done in vacuo b*™,,,* nf 

ÎÎS€andnînln ^ the ^ ^ich impinge upon 
him and influence his performance. To the extent that Hp 

Âr\Í°<í1S fU4lSt wlthl" chls context^t^would seel 
(i1!1!9 °J e“ecflve utilization have been reached 

unless--in a systems design sense—we also seek ways to improve 
the total situation within military or government organizations 
It is somewhat ironic that an industrial organization nay be 
quite capable of developing efficient systems for a customer 
while suffering from turnover, low morale, poor efficiency and 
a marginal Profit picture witfiin its own operations. It is 

hî ^enll8hîenîd maPP<?wer utilization based on psychological 
testing and appraisal methods within a Human Engineering and 8 
systems conceptual framework can help bring about the needed 
improvement. 
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