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SUMKARY

Air Force management assures a high quality workforce by maintaining appropriate entry-level

aptitude standards. 1n the early 1980s, the Air Force Human Resources Laboratory (AFHRL)

developed a method to determine minimum aptitude test scores, based on Occupational Learning

Difficulty (CLO), to be used as a screening criterion to qualify incoming airmen. The method

involved procedures referred to as "difficulty benchmarking." It r&quired a team of occupational

analysts to hecome familiar with "benchmark" rating scales (25-point scales with tasks of varying

learning difficulties from different specialties within a given aptitude area). Team members

would observe tasks from any given specialty and rate them for learning difficulty against the

benchmark scale. This enabled relative measurement of the learning difficulty of specialties

within a given aptitude area. The method proved too expenrv,(r i" terms of funds .and man-hours to

te practical. This paper describes the -esearcn effort to develop affordable and creditable

procedures for determining OLD by investigating the use of judgmental task learning difficulty
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PERFACE

This work was completed under Work Unit 77191911, Measurement and Analysis of Job
and Mission Requirements. The paper was presented at the 30th Annual Conference of the

Military Testing Association and published in the Proceedings of that event.
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AFFORDABLE AND CREDITABLE PROCEDURES FOR

DETERMINING OCCUPATIONAL LEARNING DIFFICULTY

I. INTRODUCTION

New technologies are needed to estimate Manpower, Personnel, and Training (MPT) requirements

and tradeoffs during the planning and conceptual development stages of new and modified weapon

systems. To this end, an extremely useful decision-making tool is the measure of Occupational
Learning Difficulty (OLD) for each Air Force specialty (AFS). The measure of occupational

ledrning difficulty is used for setting appropriate aptitude standards, as stated in Air Force
Regulation (AFR) 39-1, Airman Classification, for both entry-level and cross-specialty transfer

requirements. It is also used in the Air Force person-job-match algorithms for determining

individual assignments to specialties, as described by Weeks (1984).

The work behind the (OLD) measurement began back in 1973, when the Air Force Military

Personnel Center (AFMPC) requested that the Air Force Human Resources Laboratory (AFHRL) conduct

research to develop an objective procedure to aid in establishing relative aptitude requirements

for enlisted occupations. After extensive research and development (R&D), AFHRL developed a
technology that produced measures of OLD. Occupational learning difficulty is defined as "the
time it takes to learn to perform an occupation satisfactorily" (Mead & Christal, 1970).

In deriving measures of OLD, three types of occupational information were employed: (a) task

time-spent ratings provided Dy Incumbents, (b) supervisory ratings of task difficulty, and (c)

benchmark ratings of task learning difficulty obtained through evaluations by contractor

personnel. The first two measures are available from the USAF Occupational Measurement Center
(USAFOMC). Benchmark ratings were necessary because supervisory ratings of task difficulty
provided only information concerning the relative order of tasks within occupations.

Consequently, supervisory ratings were not comparable across occupations. However, benchmark

ratings of task learning difficulty which are based on task-anchored benchmark rating scales

(Burtch, Lipscomb, & Wissman, 1982) are comparable across occupations within a given aptitude

area. Benchmark ratings were collected by contractor personnel for this purpose. Occupational

learning difficulty measures were derived for more than 200 enlisted AFSs.

Following the initial data collection by contractor personnel, research was undertaken

(Garcia, Ruck, & Weeks, 1985) to enable the transfer of this technology to an operational

setting. The procedure thus developed used Air Force personnel from USAFOMC to routinely collect

benchmark ratings. This was to provide up-to-date learning difficulty estimates for any AFS.
Teams of USAFOMC staff members would conduct interviews/task observations and then rate the tasks

on the 25-point benchmark scales. This procedure proved imptactical to support, due to travel

and man-hour cost requirements. Consequently, it was never fully implemented.

To properly transfer the learning difficulty measurement technology from a research to an

operational setting, it Is necessary to develop a practical (quick and inexpensive) procedure for

collecting reliable task difficulty data on the 25-point benchmark scale. One potential solution

is to develop a procedure involving mail surveys to collect judgmental ratings from

Subject-Matter Experts (SMEs). This paper describes the approach taken and results obtained in

the quest for a solution using mail surveys.

The research was conducted in two phases. Phase I involved only one AFS and was primarily

aimed at developing and testing the survey instrument and procedures while providing Initial data

for analysis. Phase II involved the collection and analysis of data for eight AFSs using the

modified survey instrument and procedures based on experience gained in the pilot study.



II. PHASE I

Method

Three criteria were used in selecting the single AFS for dnalysis in Phase I. First,
original benchmark learning difficulty ratings collected by the contractor personnel had to be
available for the AFS. Second, there should have been minimal or no change to the structure of
the AFS since the original study. Finally, there should have been no significant change to the
nature of tasks completed by the specialty. This would ensure that current incumbents understood
the tasks that were being rated. The specialty selected was Instrumentation Mechanic, Air Force
Specialty Code (AFSC) 316X3. This AFSC is from the electronics aptitude area.

The mailable survey instrument consisted of five items: (a) a motivational cover letter with

detailed completion instructions; (b) a background information sheet for the collection of
demographic data about each rater; (c) the electronics benchmark rating scale booklet, which
contzined the 25-point rating scale and explanations of each task as developed by Rurtch et al.;
(d) the list of 60 tasks to be rated on a rating form (these 60 tasks were the same 60 originally
used by the contractor); and (e) a follow-up information form designed to elicit useful
information about the understandability of the survey completed.

Five groups of raters were selected to complete the survey: (a) 40 SMEs, 7- and 9-skill level
enlisted members randomly selected from AFSC 316X3; (b) 10 AFHRL behavioral scientists, all with
research experience; (c) 7 occupational analysts from USAFOMC, all with experience in developing
and/or analyzing occupational surveys; (d) 7 training developers from USAFOMC, all with
experience in task analysis and in the USAF training system; and (e) 6 novices, predominantly
young adults with little or no Air Force experience. Groups, except the SME group, consisted of
civilian, military officer, and military enlisted members. Surveys were sent to the above groups.

Analyses of the data collected in the pilot study had three major goals: (a) to provide
suggestions for inorovement/modification to the survey instrument, (b) to determine the validity
of the SMEs' responses, and (c) to compare measures of OLD generated from SME benchmark data with
those generated from contractor data.

Results

The response rate for the 316X3 SMEs was 23 responses to 40 mailed questionnaires.
Nonetheless, the,- were sufficient responses to provide a reasonable basis to meet the goals of
Phase I. Response rates for the other non-SME groups were very good, with almost everyone
responding. Responses to the follow-up information form suggested that no significant changes to
the survey package were required. Responses for each of the respondent groups were averaged to
form a mean group rating. Intercorelations between SME mean group ratings, contractor ratings,
and original supervisor task difficulty ratings from the USAFOMC Occupational Analysis study were
calculated using the ASCII Comprehensive Occupational Data Analysis Programs (CODAP) CURVES
program.I

1The original CODAP system developed by Christal (1974) has been expanded and rewritten in
ASCII. The present system, including CURVES, is described in detail in users' manuals stored on
computer files at AFHRL, Brooks AFB, TX.
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As can be seen in Table 1, the SME ratings correlated well with contractor ratings (r .75)

and even better with supervisor ratings (r = .86). The contractor ratings correlated at the same

level as the SME ratings with the supervisor ratings (r = .75).

Table 1. Correlations (r) and Average Group Ratings

r with r with Avg rating Avg abs dif

contractor supervisor (across 60 with contractor

Group ratings ratings tasks) ratings

t aCiO- 1.00 .75 .3.13 C.C
3l1 x3 SMEs .75 .86 14.03 1.78

4F-RL Scientists .87 .83 12.77 1.82

.MC Occup Analysts .79 .84 12.03 2.08

-MC Tng Developers .74 .77 12.40 1.90

Novices .55 .45 11.68 2.63

It was important that the SME ratings fall close to the criterion level on the 25-point

scale. The average SME rating across all 60 tasks was 14.03, slightly above the contractor

average rating of 13.13 (see Table 1). An OLD value was generater4 for both SME and contractor
rating data. These were determined using ASCII CODAP and were the Average Task Difficulty Per

Unit Time Spent (ATDPUTS) of first-term airmen multiplied by 10. This procedure uses task
difficulties established on the 25-point benchmark scale for all tasks in the AFS. These

benchmarked values are extrapolated from the best-fit linear relationship between the original

supervisor task difficulty ratings and the 60 benchmarked tasks. The occupational learning

difficulty values were 129 using SME data and 122 using contractor data.

The four non-SME group mean ratings correlated well with the contractor and supervisor
ratings (see Table 1). The average rating across all 60 tasks was, in each Lase, below the

contractor rating. The average absolute difference between these four group mean ratings and

contractor ratings ranged from 1.82 to 2.63, all worse than the SMEs at 1.78.

The non-SME groups rated suprisingly accurately. This is explained by tho

understandability" of most of the 60 tasks in relation to the benchmark tasks. Overall, the

mail survey procedure showed merit, as SMEs were able to produce accurate, although slightly

inflated, ratings.

Ill. PHASE II

Method

Eight AFSs were selected for Phase II. The same selection criteria were used as in Phase I.

Two AFSs were selected from each of the four aptitude areas of general, administrative,

electronics, and mechanical. Of these two in each aptitude area, one had a high aptitude

requirement and one had a low aptitude requirement as detailed in AFR 39-1. Those selected were

251X0, Weather: 272X0, Air Traffic Control; 304X0, Wideband Communications Equipment; 427X0,

Machinist; 542XI, Electric Power Line; 603X0, Vehicle Operator/Dispatcher; 702X0, Administration;

and 732X0, Personnel.
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The mailable survey instrument for Phase II consisted of four items: (a) a motivational
cover letter and instructions as in Phase 1; (b) a more detailed background inforwation form
than used in Phase I; (c) either an electronics, mechanical, or general/administrative benchmark
rating scale booklet, depenoent on the aptitude area of the AFS in question; and (d) the list of

60 tasks to be rated on , rating form, these being identical to those originally used by the

contractor. Only 40 tasks were used in AFSC 542XI (as were used by the contractor). Panlom
selection of IC0 SMEs from the 7-skill level (and 9-skill level, where available) of each of the

eight AFSs was made. :n addition the same non-SME respondents as in Phase were agair selected
to complete tre survei for AFSC 251X0, Weather.

Analyses of the data collected in Phase Ii tad tr rcc major goals: )a) to atermine tre
internal consistency of the 25-point benchmark task difficulty ratings for the various grouos of

raters; (b) to determine the validity of the rater groups using the same validity-measuri.-o

orccedures as in Phase 1; and (c) to compare measures of aptitude-specific CLD as ir Phase : and
nor-aptitude sperific occupational learning difficulty (Ramadge, 1987) generated from SME

re chhark data with those generated from contractor dat..

Results

The percentage of useful responses ranged from 22 to 49 across AFSs studied. Reliability 3f

ratings was assessed using the ASCII CODAP Program GRPREL (originally REXALL) (Christal &

Weissmuller, 1976). This program produces an index of interrater agreement. Reliability indices

were derived for each rated group (Table 1). Interrater reliabilities were all above .96 or
above except for the two AFSs with the lowest numbers of useful responses. The useful response
rate and lowest interrater reliabilities in the AFSs 702XO and 732X0 were due to three factors:

(a) There had been significant movement of personnel in and out of these career fields recently,

increasing the number of less-experienced raters; (b) within these career fields, there are

numerous job types and many of the raters surveyed were not familiar with the tasks in the task

list; and (c) JMEs were given the option not to rate tasks with which they were not familiar.
When combined with the first two reasons, this resulted in a low average number of tasks rated

per rater.

Correlations among SME, contractor, and supervisor ratings (Table 3) were calculated in the

same way as in Phase 1. Correlations between SME ratings and contractor ratings ranged between
.79 and .94, except for 542X1 (-.08) and 732X0 (.65). The SME ratings all correlated extremely
well (between .83 and .94) with the supervisor ratings. In every case, SME ratings correlated
better than contractor ratings with the supervisor ratings. With this in mind, the validity of

the contractor ratings for AFSC 542XI and, to a lesser extent AFSC 732X0, may be open to question.

Table 2. Interrater Reliabilities Table 3. Correlations Between Rating Groups

No. of useful Interrater SME vs. SHE vs. Contr vs.
AFSC responses reliability AFSC contr supv supv

251XO 40 .98 251XO .83 .91 .82
272X0 41 .97 272X0 .79 .87 .75

304X0 34 .98 304X0 .94 .91 .88
427X0 49 .98 427X0 .90 .85 .79

542XI 35 .98 542X1 -.08 .94 -.09

r03XO 33 .96 603X0 .81 .89 .86

702X0 27 .92 702X0 .84 .89 .80
732X0 22 .88 732X0 .65 .83 .65
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.r cor" I y ' ave r 3e task difficulty ratirgs ahiP ; -evea e P

' v S MEs '- eehi _se except 2'XL. The ,average SME rating for 427X,. was .

ew "e o _tracto- ve-age of 13.19. when examined by aptitude area, all ereraI

/ - T AF [ *ve-e at'o .e'e Zove the contractor average ratings by netween -.S
S. ', : :lectronics Or Mechanical AFSs, the lYE rat q% va,-eo fnom

-. - , , e , 4 7 I; tte contractor ratings. , irvestl:ate tre e fect -

S :-:e-sec fic CJ s were determined using the same -rocedure 3

-:,e ..- ',' : 'e : arnaoge, 1987) were calculated from tne anttude-speci¢ -J -

-ased O SME data were inflated ty between 43r t"

-' ., -uctior of 8. Despite this variation, tre Order C" "e :cr,

S ' --FSs *as mal"tained, except for 4271.

____._Average Task Difficulty Ratings and Occupational Learning Difficulties

-ortractor

avg SME avg Aptitude-specific OLD Commom scale CLS

AjS (60 tasks) (60 tasks) Contractor SME Contractor SAE

1C, .C7 123
"''L".2 2. -C 17 22

1 2 134 12 2t

.' .55 117 1C9 '26

"1.22 99 158 95 IC3

7 71, 83 88 Q2

S. 3.3 .72 8C 68 76

2> 1 . t '1.31 57 99 81 91

e -c'--'MF orO..Swrc "ated One 251 X. ,urvey correlated reasonaly ell with the cortactc'

ata, tetween r- andJ '9. 'e non-SMEs did have greater difficulty in finding the correct leve

,r t e scale, as trei- averaoe ratings were between .65 and 2.49 above the contractor ratings.

re -MEs did a better joP of -erlicating the cortractor ratings.

IV. CONCLUSION

The mai> survey procedure tested in this effort proved successfl, in that SMEs were able to

reproduce accurate, although in general slightly inflated, estimates of occupational learning

1ifficulty. :t should now be possible to produce a translation formula to enable the

imp'ementation of this method for collecting accurate benchmark task difficulty ratings.
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