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THREE SETS OF TASK FACTOR BENCHMARK SCALES
FOR TRAINING PRIORITY ANALYSIS

I. INTRODUCTION

The Occupation and Manpower Research Division of the Air Force Human Resources
Laboratory (AFHRL) is engaged in research on the development of procedures for determining
task training priorities (Christal, 1970; Mead, 1976). One element of this research is the
development of benchmark scales for measuring task factors that contribute to training priority
decisions. The type of benchmark scale employed is a 9-point scale on which each level is
illustrated by three typical tasks that belong at that level. Scales have been developed for three
task factors: Probable Consequences of Inadequate Performance, Task Delay Tolerance, and Task
Difficulty. In all, three series of scales have been developed: one for specialties with an
Administrative or a General (A/G) aptitude requirement, a second for specialties with an Electronic
(E) aptitude requirement, and a third associated with a Mechanical (M) aptitude requirement. This
report will discuss the method used in developing the benchmark scales, describe the initial
validation and final rater agreement studies, and provide all three series of the benchmark scales
along with recommended instructions for their use.

1. BACKGROUND

The basic concept of the present task training priority research was conceived and reported
by Christal (1970). Three papers presented at the 17th Annual Conference of the Military Testing
Association (MTA) documented achievements up to 1976. The first of these papers (Christal &
Weissmuller, 1975), now also available as a technical report (Christal & Weissmuller, 1976),
described eight new programs that were introduced into the Comprehensive Occupational Data
Analysis Programs (CODAP) system to enable investigators to manipulate and analyze task factor
data. The second MTA paper (Mead, 1975) reported the results of a training priority study that
demonstrated the feasibility of mathematically duplicating training priority ratings in terms of a
number of task factors. The third MTA paper (Goody & Watson, 1975) introduced the benchmark
scales as a means to permit measurement of task factors against common frames of reference for
various specialties. It was envisaged that a limited number of regression equations using benchmark
scale task factor data could be computed, each applying across a number of specialties and
predicting task training priorities.

Guody’s  (1976a) technical report gave a comprehensive overview of the training
priority research effort at AFHRL and reported the initial work and techniques used in
developing the set of A/G task factor benchmark scales. During 1977 and 1978, the final
A/G, E, and M benchmark scale validations were completed and the results are the subject
of this report. The use of all nine scales in predicting training emphasis will be the
subject of a separate report.

II. THE DEVELOPMENT OF THE SCALES

The first step in developing each series of scales was to gather rating data for a reasonably
large inventory of tasks, hereafter referred to as the aptitude area task inventory. After these data
were refined and analyzed, they were used to select the 27 tasks for each of the benchmark
scales. The following paragraphs elaborate on the aptitude area task inventories developed, the
rating process and data analysis, and finally, the procedure used for selecting the tasks for the
benchmark scales.
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The aptitude area task inventory for each series contained tasks typically performed in a
variety of specialties with the appropriate aptitude requirements, and each task statement was
labelled with the Air Force Specialty (AFS) that normally performs the task. The tasks selected
were performed by some airmen at the journeyman level in the AFS nominated. An attempt was
made to avoid tasks so specialized that only a person from the AFS who performs the tasks
could understand them. Finally, the tasks selected for the general inventory had to be ones which
exhibited wide variability of response. The important characteristics of the three aptitude area task
inventories are displayed in Table 1.

Table 1. Aptitude Area Task Inventories Distribution
of Tasks and Specialties by Aptitude Area

Number of Number of Specialties
Aptitude Area Tasks Represented
Administrative/General (A/G) 438 52
Electronic (E) 392 50
Mechanical (M) 323 42

Each aptitude area task inventory was then rated on each of the existing three task factor
9-point relative scales (Probable Consequences of Inadequate Performance, Task Delay Tolerance,
and Task Difficulty). The raters were selected randomly from the first-line supervision level (7-skill
level) of all the represented specialties within the appropriate aptitude area. Different raters were
used for each factor to avoid induced correlation. Potential confusion was of special concern in
rating tue Task Delay Tolerance factor which employed an inverted scale compared to the other
two factor scales; i.e. level 1 was the most demanding level on the scale. About 120 ratings (N)
were sought on each factor, such large numbers being necessary to provide confidence in the
stability of the means obtained by having raters rate tasks from other specialties. First-line
supervisors were selected to provide an optimum blend of general experience and first-hand
knowledge of journeyman level tasks.

The first step in the data analysis was to identify and delete ‘‘divergent” raters, using the
techniques reported by Goody (1976b). A divergent rater is one whose ratings are substantially
different from those of the rest of the group. This is usually caused by the rater not adhering to
the rating instructions, either deliberately or through lack of understanding, or by the rater
employing a different rating policy from the majority of raters.

Having refined the data set, the degree of interrater agreement between the raters was
measured using the intraclass correlation technique reported by Lindquist (1953). Because the tasks
were rated relative to each other rather than on an absolute scale, the adjustment option,
discussed by Christal and Weissmuller (1976), was used to convert each rater’s scores to a common
mean of 5.0 and a standard deviation of 1.0. The adjusted interrater agreements for single raters
(Ry1) and for rater groups (Rgy) are reported in Table 2. Because high interrater agreement
coefficients were obtained, the task means were stable enough to use as a basis for selecting tasks
for the benchmark scales.

The data for each factor for each aptitude area were then analyzed separately to select the
tasks for the corresponding benchmark scale. The purpose of this analysis was to select three
representative tasks to illustrate, by example, each level on the scale. Each of the three tasks in
each set had about the same mean ratings on the factor involved, but their mean ratings were
appreciably different from those of the tasks chosen to represent the levels on cither side.

The basic tool used to select the tasks for the scale was a CODAP printout containing the
task statements for all the tasks in the inventory, and the mean and standard deviation of all




Table 2. Interrater Agreements (Adjusted) for Ratings
on the Aptitude Area Task Inventories

Task Factor and Aptitude Area N K Ryq Rk

Consequences of Inadequate Performance

Administrative/General 116 115.38 507 992
Electronic 115 112.15 472 990
Mechanical 125 124 .25 474 991
Task Delay Tolerance

Administrative/General 120 118.27 442 989
Electronic 124 122.35 366 986
Mechanical 116 115.59 370 985
Task Difficulty

Administrative/General 117 116.33 478 991
Electronic 128 125.02 486 992
Mechanical 121 117.50 475 991

Note. — N = number of raters in the sample.

K = average number of raters per task for the whole inventory.

ratings on each task for the task factor involved. The tasks were arranged in descending order of
task mean rating. Four lines were drawn across the upper half of the printout—the first one-fourth
standard deviation above the unweighted mean of the task means (AVEMIV): the next, one-half
standard deviation above that; the third, one-half standard deviation higher again; and the fourth,
still another one-half standard deviation higher. A corresponding set of four lines was drawn across
the lower half of the printout—the first, one-fourth standard deviation below the AVEMN: and so
on. The inventory tasks were thus divided into nine groups; the seven in the middle each spanned
one-half standard deviation of task mean ratings, and the other two comprised the upper and
lower tails. These nine groups correspond to the nine levels of the task factor for which the scale
was being developed. The three tasks for level 5 were then selected from around the middle of
the middle group (around the AVEMN), and those for each of the other levels from their
corresponding group. In each case, the tasks selected were near each other and in the half of
their group farthest from the AVEMN. This ensured maximum, yet fairly uniform, separation
between levels, and homogeneity within levels. Tasks with high standard deviations were avoided
since they indicated low rater agreement on those tasks.

As an example, a portion of the mechanical aptitude area task inventory ordered on
descending Task Difficulty mean value, is shown in Figure 1. Tasks marked with an asterisk were
selected for the M Benchmark Task Difficulty Scale as they have low individual standard
deviations, provide a wide coverage of the various specialties, and would appear to be meaningful
to all airmen of the mechanical aptitude AFSs. A flow chart, depicting the development phases of
the three task factor mechanical scales, is displayed in Figure 2.

The results of this initial phase of the development process was a list of 27 task statements
for each factor, each set purporting to define one of nine graduated levels of that factor. An
example of one of the nine scales so developed with its instructions is presented in Appendix A.
The scales permit the rating of tasks relative to the tasks in the benchmark scale rather than
relative to other tasks in the inventory that is being rated.




Task Task Task Group
Number Task Statement Mean SD Width Group/Level

_  / Groups 8/9 (29 tasks)

33  Install thrust-reversing system on jet A
engines (Engine M) 6.15 .575
37  Operate a/c inflight refuelling system
(Flight Engineer) 6.10 683 1/2SD Group 7 (41 tasks)
| 43*  Draw sketches or plans of parts to be
‘ machined (M Mech.) 6.07 .819
. 44 Conduct spectrometric analysis 6.06 .739 v
| 71 Refuel a/c with engines running or Ground A
i power connected 5.73 .8356 :
| 72 Repair ignition systems on recip. engines 5.71 619
i 73*  Mix caustic solutions (Cryogenic
| Fluid Spec.) 5.71 774 1/2SD Group 6 (70 tasks)
{ 78  ldentify and splice priority circuits
; (Cable Splic. Spec.) 5.70 .631
3 79% Remove, replace, adjust components on
bomb doors 5.70 534 v
161 Inspect metal surfaces for cracks using A
fluorescent pene. 5.09 .686
162*  Bleed, adjust, service a/c brake systems
(A/C Mainten. Spec.) 5.07 550
169*  Test aviation fuel for water (Fuel Spec.) 5.01 685 1/2SD Group 5 (59 tasks)
1772 Erect poles using power equip. (Out.
Wire and Antenna Main.) 4.95 621
178 Perform preacceptance inspections of a/c
5 loads etc. 495 503  /
F 244 Secure a/c for severe weather conditions 4.31 642
245*  Operate a/c cargo loading equip.
(Aircargo Spec.) 4.31 .554
249% Install ice cream refrigerators (Refrig. 1/2SD Group 4 (54 tasks)
and Air condit. Spec.) 4.27 .740
2522  Center brake shoes etc. (General Purpose ‘ |
Vehicle Repair) 4.25 .584
254 Load aerospace ground equip on a/c, trucks ’
or trailers 4.24 663
279*  Lash or tie cargo on truck, trailer (Vehicle 4
Oper/Dispat.) 3.98 .585 3
282 Operate motorized hoists 3.98 619
283 Erect or use scaffolds/ladders (Protect. 1/2SD Group 3 (38 tasks)
Coating Spec.) 3.97 655
290  Refill mobile fuel units (Fuel Specialist) 3.83 .739
291 Remove safety locking devices from a/c v
before flight 3.76 968 e
ATasks selected for the M Task Difficulty Benchmark Scale. ‘

Groups 2/1 (32 tasks)

Figure 1. Mechanical Aptitude Area Task Inventory Task Difficulty Means.
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Tasks selected from a range
of mechanical AFS job
inventories.

Aptitude Area Task Inventory
developed, consisting of 323
representative tasks from 42
mechanical AFSs,

B i U

Aptitude Area Task Inven. 1y rated by 121 AATI rated by 125 SNCOs AATI rated by 116 SNCOs
SNCOs from 42 Mechanical AFSs using using Consequences of using a Task Delay
Task Difficulty Scale Inadequate Performance Tolerance Scale

' Scale

i | P
Divergent raters deleted. Adjust AVEMN Divergent raters deleted. Divergent raters deleted.
10 5.0, SDMN to 1.0 Result is R, , = 475, Adjust AVEMN to 5.0 and Adjust AVEMN 10 5.0 and
Rk = .891 SDMN to 1.0. Result is and SDMN to 1.0. Result

Ry =.474, Rgy = 991 s Ry, = 370, Ry y = 985

! 1

Taskv; fisted in order of descending Task Tasks listed in descending Tasks listed in descending
Difficulty means. order of Task Consequences order of Task Delay
means, Tolerance means.
3 e
27 tasks selectad for the Task Difficulty 27 tasks selected for the 27 tasks selected for the
Benchmark Scale. C B Delay T Bench
Scale. mark Scale

Figure 2. Phases in the development of the three mechanical benchmark factor scales.

IV. INITIAL VALIDATION STUDY

As already noted, the aptitude area inventories used to develop the scales contained tasks
performed in a large number of specialties. For each aptitude area, 13 of these specialties were
selected for the initial validation study, and the tasks associated with those specialties were
extracted to form a smaller inventory of tasks (about 110) that will be referred to as the
validation inventory for the corresponding aptitude area.

For each factor, a set of validation raters was selected by randomly picking first level
supervisors from throughout the aptitude area. These respondents rated all tasks in the appropriate
validation inventory against the corresponding benchmark scale. They will be referred to as
“benchmark-general” ratings to distinguish them from the original ratings which shall be called the
“relative-general” ratings. The only difference between the gathering of the benchmark and the
relative ratings, apart from the type of scale used, is that the relative-general raters rated the full
set of aptitude area inventory tasks, which included the interspersed subset of validation inventory
tasks.

Another set of ratings was gathered during the initial validation study. Samples of first-level
supervisors were selected randomly from each of the 13 specialties chosen to be presented in the
validation inventory. These respondents rated only the tasks in the validation inventories that were
associated with their own specialty. These ratings were against the benchmark scales and will be
referred to as the “benchmark-specialist’ ratings to distinguish them from the other two sets.

As in the developmental phase, the first stage of data processing was to identify and delete

divergent raters. Because the benchmark-general raters rated the complete validation inventory, the
standard deletion procedure was used for them. However, each benchmark-specialist rated only a

——————



few tasks and the true variance was quite small in many cases. This made the task of identifying
divergent raters much more difficult. The analyst took a very conservative approach, leaving
possible divergent raters in this study whenever there was any doubt. For example, a rater who
gives the same rating to all tasks is normally discarded as being noncooperative; in this case, if
the variance of the other raters fi ' n the same specialty was also low, such a rater was retained.
Specialist raters were discarded only if their ratings showed illogical relationships to the bulk of
the ratings from their specialty.

Having removed divergent raters, coefficients of interrater agreement, using the intraclass
correlation technique reported by Lindquist (1953), were computed for each task factor within
tach aptitude area for the relative-general, benchmark-general, and benchmark-specialist ratings.
Table 3 presents the raw and adjusted coefficients of interrater agreement (R;;) obtained in each
case. For the relative ratings, any raters eliminated during the initial phase were also omitted in
computing these statistics. These relative interrater agreements are different from those reported in
Table 2; those in Table 2 were computed on all the tasks in the original aptitude area task
inventories while the relative rating statistics of Table 3 were computed only on the tasks included
in the validation inventory. For the relative-general and benchmark-general ratings, coefficients of
interrater agreement were also computed after adjusting each rater’s scores to a common mean and
standard deviation. For the benchmark-specialist ratings, however, adjusting the scores would be
meaningless, as each of the raters rated only the few tasks from his own specislty.

Because the average number of raters per task (K) varied greatly between the three types of
ratings, Ryy statistics have not been reported. Instead, the predicted value of Ryj that would
result from 20 raters rating each task is presented. This allows a comparison to be made between
the group reliabilities of the types of ratings. In every case the interrater agreement for general
ratings, made using the benchmark scales, consistently exceeds the interrater agreements for ratings
made using the relative scales under parallel circumstances. This suggests that the benchmark scales
can produce reliable and stable ratings. Furthermore, with only one exception, the interrater
agreement coefficients for the benchmark-specialist ratings also consistently exceed the
corresponding coefficients for the benchmark-generai ratings. This suggests that specialists rating
only their own tasks, and using the benchmark scales, can provide stable ratings for the task
factors.

Using the validation inventory task means, zero-order correlation coefficients were computed
between the three types of ratings for each of the task factors for each of the aptitude areas.
The results are tabulated as Table 4. With only one exception, the correlations between the
relative-general ratings and benchmark-general ratings exceeds .9 for each aptitude area. Hence the
use of relative and benchmark scales does result in the tasks being ranked in the same order. But
the correlations between the benchmark-specialist ratings and the benchmark-general ratings.
although high, are lower than the relations between the two sets of ratings provided by the
general raters. Thus, while raters drawn from a variety of specialties can agree on task factor
ratings on an inventory of tasks, their agreement with specialist ratings of the same set of tasks is
not as high. Assuming the specialists are most familiar with the tasks in their specialties. they
should be able to give the more correct rank order of those tasks for each task factor. The lewer
correlations are presumably the result of slight inaccuracies in the rank ordering of tasks by the
benchmark-general and relative-general raters. A flow chart at Figure 3 provides an example of the
major steps in the initial validation of the electronic consequences scale.

Finally, the initial validation study addressed the question of whether the benchmark scales
apply across specialties. To test this, the mean ratings (AVEMN) provided by the
benchmark-general raters were compared with those from the benchmark-specialist raters for the
same sets of tasks for the three A/G scales. In all three cases, the specialists’ mean ratings were
usually displaced towards the more demanding end of the scale as demonstrated in Table S. That
is, in comparison with a general group of raters, a specialist, when using the benchmark scales to




Table 3. Interrater Agreements for Tasks in Validation Inventories

Raw?d Adjusted?
Task Factor and Aptitude Area K R11 R20,20 Ri1 R20,20
Consequences of Inadequate Performance

Administrative/General Series (127 Tasks)

Relative-General 11538 428 937 569 964
Benchmark-General 29.80 .559 962 606 969
Benchmark-Specialist 12.98 462 945 - —
Electronic Series (110 Tasks)

Relative-General 112.15 .248 868 394 929
Benchmark-General 30.00 401 930 472 947
Benchmark-Specialist 15.11 437 939 — -
Mechanical Series (99 Tasks)

Relative-General 124.25 245 866 .369 921
Benchmark-General 26.00 345 913 407 932
Benchmark-Specialist 12.80 361 919 = =

Task Delay Tolerance

Administrative/General Series (127 Tasks)

Relative-General 118.27 403 931 481 949
Benchmark-General 2495 431 938 493 951
Benchmark-Specialist 12.19 435 939 = =
Electronic Series (110 Tasks)

Relative-General 122.35 207 839 .287 890
Benchmark-General 29.85 .286 .889 390 927
Benchmark-Specialist 13.64 440 940 - -
Mechanical Series (99 Tasks)

Relative-General 115.59 215 846 292 .892
Benchmark-General 28.00 293 892 346 914
Benchmark-Specialist 12.67 359 918 - ==

Task Difficulty

Administrative/General Series (127 Tasks)

Relative-General 116.33 .386 926 485 950
Benchmark-General 29.98 462 945 541 959
Benchmark-Specialist 13.80 539 959 - -
Electronic Series (110 Tasks)

Relative-General 125.02 333 909 441 940
Benchmark-General 3497 441 940 537 959
Benchmark-Specialist 14.78 .579 965 - -
Mechanical Series (99 Tasks)

Relative-General 117.50 285 389 393 928
Benchmark-General 29.98 374 923 435 939
Benchmark-Specialist 14.76 408 932 - -

akw.zﬂ = Project reliability of the mean rating that would result if g were equal to 20 in all cases.




Table 4. Correlations Between the Three Types of Validation
Inventory Task Means for Each Factor for Each Aptitude Area

Task Factors and Aptitude Area XY Xz Yz

Consequences of Inadequate Performance

Administrative/General Series 971 909 897

Electronic Series 916 843 836

Mechanical Series 912 760 767
Task Delay Tolerance

Administrative/General Series 944 822 790

Electronic Series 875 923 787

Mechanical Series 909 632 724

Task Difficulty

Administrative/General Series 961 805 870
Electronic Series 954 809 828
Mechanical Series 927 809 828

Note. — X = Relative-General Ratings.
Y = Benchmark-General Ratings.
Z = Benchmark-Specialist Ratings.
Electronic Aptitude Area
Inventory of 392 tasks from

50 AFSs

ation Inventory of 110 tasks
from 13 AFSs

Construct Electronic Valid- ’

K]

For these 110 tasks, extract Obtain Btnd\miuk-SDe\:ulin ] ]
the original Relative-General Consequence ratings from an I 12 other |
ratings by 115 raters average of 15 raters from each | Benchmark |
of the 13 AFSs on an average | Specialist |
* of B rasks. [ subgroups. i
K=11215 Obtain Benchmark-General |
Ry, = .248 (Raw) Consequences ratings from
R30,20 = .868 (Raw| |30 raters over 13 AFSs on the L ‘ 4
110 tasks. ‘
K = 30.00 v Recombine the 13 subgroup results to
Ry, = 401 (Raw) obtain the complete 110 task Validation
Ryo 10 =930 (Raw) ¥ A O © By J
a Benchmark Specialists.

K=16.11
R,, = 437 (Raw)
Ri0,20 =939 (Raw)

Zero order
correlation
916

2Zero order
correlation
836

2Zero order
correlation
843

Figure 3. Phases in the initial validation of the electronic consequences of
inadequate performance benchmark scale.
10




—_—

Table 5. Inflation of Task Factor Ratings by Specialist Raters

I When Compared with General Raters When Using the A/G Benchmark Scales
Benchmark Benchmark
General Specialists
Number — N of
! AFSC of Tasks SD Mean Mean sD Spec Raters
Consequences of Inadequate Performance

29150 11 1.66 445 4.86 1.90 13 |
39150 6 1.61 496 532 1.42 11
43330 5 1.28 5.20 6.25 1.27 12
51150 4 1.04 3.54 3.65 1.57 12
57150 14 1.13 7.18 7.34 1.17 12
63150 T 17 5.31 6.12 1.33 13
64550 13 1.62 4.11 490 2.00 8
70250 19 1.24 275 3381 1.56 12
79150 7 .87 2.86 4.11 1.99 12
90150 9 1.45 6.39 637 1.50 15
90250 9 2.56 5.05 532 2.61 12
92250 18 52 697 752 1.08 11
99120 5 .88 3.57 482 1.69 10

Total/Average 127 2.05 495 5.56 2.06 153

Task Delay Tolerance

29150 11 .89 492 5.04 1.69 12
39150 6 1.08 6.24 5.94 1.29 8
43330 5 1.21 ST 3.80 1.39 8
51150 4 i) 6.70 597 1.55 10
57150 14 92 1.86 2.13 97 12
63150 7 1.29 481 424 1.60 16
64550 13 1.55 6.11 498 1.77 13
70250 19 1.28 6.75 53§ 1.55 8
79150 7 1.00 7.81 5.11 2.13 10
90150 9 1.60 3.16 261 147 12
90250 9 1.92 3.80 4.63 2.34 11
92250 18 .66 418 4.54 1.18 14
99120 5 97 7.33 571 1.36 15

Total/Average 127 2.07 5.05 4.50 1.88 149

Task Difficulty

29150 11 1.42 3.73 393 1.67 15

39150 6 1.16 548 5.45 1.37 16

43330 5 .87 4.76 S 1.24 14

51150 4 1.74 429 423 2.19 17

57150 14 1.21 4.40 5.60 1.65 13

63150 7 1.21 4.62 457 1.60 14

64550 13 .83 3.20 367 1.16 14

70250 19 .82 246 2.86 1.08 12

79150 7 1.40 4.39 5.04 1.90 16

: 90150 9 1.19 5.26 5.09 1.52 13
1 90250 9 2.43 425 449 2.58 8
92250 18 .64 4.74 498 1.08 14

¥ 99120 5 1.55 4.63 488 2.11 18
> Total/Average 127 1.47 4.11 448 1.73 184
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rate tasks from his own specialty, tends to indicate that the difficulty of doing the task is higher,
the consequence of not performing the task satisfactorily is more serious, and the time delay
permitted before the task must be done is smaller.

To test the hypothesis that the inflation was uniform across specialties, an analysis of
covariance was permformed on the three A/G factors. The benchmark-general ratings were used as
a control variable, and the significance of the difference in specialist ratings between specialties
" was tested. In all three cases, the F statistic was significant at the 5 percent level, indicating that
the inflation effect is probably not uniform across specialties. Figure 4 displays this result
demonstrating graphically the non-uniform nature of the “inflation” of ratings by specialists.
Further analysis showed that the inflation was not related to the aptitude requirements of the 13

specialties.
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Figure 4. Inflation of ratings by A/G specialist raters.

V. FINAL RATER AGREEMENT STUDY

For the final rater agreement study, a minimum of two AFSs from each of the aptitude
areas were selected for the purpose of comparing the benchmark (B) scales and the relative (R)
scales. Raters from skill levels 5, 7, and 9 were asked to rate the complete job inventories from
their career ladder on at least one task factor. Table 6 shows the distribution of raters used in

the final rater agreement study by AFS, task factor, and type of rating scale used.

12

-




Table 6. Number of Raters by Factor and Type of Rating Scale
for 11 AFS in Final Rater Agreement Study

Number of Raters

Delay Task
Mini c Tolerance Difficulty
Aptitude
Air Force Specialty Requirement Bench. Ralative Bench. Ralative Bench. Relative

293X3  Radio Operator A60 51 45 49 50 49 78
651X0  Procurement A70 67 61 71 63 59 101
531XS  Non-Destructive Inspection G50 61 - 67 - 67 55
906X0  Medical Administration G60 77 105 87 104 101 78
304X4 Ground Radio Communication Equip E80 66 60 57 58 S5 122
304X0 Radio Relay Equip E80 39 35 39 50 44 89
423X4  Pneudraulic Repair E M40 60 - A - 69 73
552X5  Plumbers M40 69 82 66 62 69 116
423X1  Enviro:mental Systems M40 52 33 52 34 52 77
427X5  Airframe Repair M40 71 63 77 65 74 75
631X0  Fuel Specialists G,M40 7 - 71 - 74 75

Prior to gathering the final rater agreement study data, some small changes were made to
the layout of the benchmark scales, to the accompanying instructions and to the definition of the
Task Difficulty factor. The layout of the scales was simplified and shortened by deleting AFS
code numbers, shortening the long definition of the factors on each scale and by deleting the
repetition of the instructions on the scales. The main instructions on how to use the scales were
shortened from two pages to one-half page. The definition of Task Difficulty was slightly altered
by changing the emphasis upon the measurement of task difficulty in terms of the need for
lengthy, systematic training to an emphasis upon measuring the factor in terms of the time needed
to learn to do a task satisfactorily. '

These changes were considered necessary to prevent rater fatigue and confusion and to clarify
the essential emphasis of each scale.. The effects of the changes were studied in the electronic
specialty: Ground Radio Communication Equipment Repairman (AFSC 304X4). One group of
raters used the simplified benchmark scales and another group used the older benchmark scales
and instructions. The pertinent comparative statistics are listed in Table 7 and show that there are
no significant differences (p= .05) and thus, presumably, no deterioration in the performance of
the raters. Hence the modifications to the scales and instructions were retained for the remaining
surveys. The final modified versions of all nine scales with their accompanying instructions are
displayed as Appendixes B to J. (In the survey, the benchmark scale was presented as a separate
card, thus allowing a rater to refer to the scale throughout the rating process.)

The final rater agreement study sought to answer a series of questions; Can the benchmark
scales be used to obtain reliable task factor ratings? Do raters using the benchmark scales converge
on the same vector as they do using the relative scales? How do the benchmark scales compare
with the relative scales for efficiency? How well do specialists use the benchmark scales to rate
tasks from their own specialty? Finally, are the benchmark factor measurements comparable across
specialties?

The first step in preparing to answer these questions was to identify, by a fixed selection
rule, divergent raters and remove them from the samples. This ensured that biased samples of
raters, due to subjective analyst decisions, did not exist; and thus, the remaining groups of raters’
performances could be compared. From the CODAP program REXALL, raters were selected as
being divergent if the correlation between each individual's mean ratings and the mean ratings for




Table 7. Simplified and Old Benchmark Scales Compared on Various
Statistics for theAFS 304X4 Ground Radio Communications Equipment Ladder

Zero Percent
Riw Raw Order No.of Raters Aver SO Aver
Task Factor Ry1 Rggsg Correl. Raters Deleted Mean Mean sD SDSD

Consequences of Inadequate Performance

Simplified Benchmark 130 882 938 63 5 4.358 738 1.788  .157
Old Benchmark 114 866 { 51 6 4476 723 1.820 143
Task Delay Tolerance
Simplified Benchmark 154 901 957 49 14 5.131 834 1830 .217
Old Benchmark 242 941 i 49 13 5.198 897 1529 240
Task Difficulty
Simplified Benchmark 257 945 978 55 0 5.268 1.082 1.761 202
Old Benchmark 264 947 : 56 7 5.171 1076 1.714 232

Note. — Aver Mean = Mean of all task means.

SD Mean = Standard Deviation of the task means.
Aver SD = Mean of the task standard deviation.
SDSD = Standard deviation of the task standard deviation.

the total sample was not significant." Interrater reliability coefficients and other pertinent statistics
for the benchmark and relative samples for each factor, after divergent raters have been removed,
are displayed in Tables 8, 9, and 10.

The interrater reliability coefficients were then adjusted to suppress the effect of rater
response set. In all cases, F ratios indicated that the corresponding R;; values were significantly
above zero to warrant their further use.

To address the first question, which deals with the ability of the benchmark scales to yield
reliable ratings, differences in the corresponding benchmark and relative Ry, values were evaluated
by testing the unit normal deviates. The process was to first convert each Ry; value to a Fisher
Z score, then compute unit normal deviates by dividing the difference between the benchmark Z
and the relative Z by the standard error of their difference (Haggard, 1958). Details of this
reliability test are given in Appendix K.

The results of the significance tests of differences between benchmark and relative Ry
values are presented in Table 11. At a probability of 0.05, the benchmark Rj;; values are
significantly higher than the relative R;; values in 14 comparisons, not significantly different in 10

! The student t score for each rater is calculated from:
r)ZE -2
\)1 -1 (McNemar, 1969)

where r = correlation between the sample’s mean ratings and each individual rater’s mean ratings
N = number of tasks rated by aach individual rater
N — 2 = degrees of freedom

t =

14
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