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SUMMARY

This report presents comprehensive documentation of the activities
and accomplishments of the contractor, the Institute for Ergonomics
Research (formerly the Institute for Biotechnology), Texas Tech
University, during the four years of the project. Working under the
sponsorship of the Air Force Office of Scientific Research and the
technical monitorship of the Air Force Aerospace Medical Research
Laboratory, the contractor's program was directed toward improving the
Alr Force's present capability to select and assign personnel to Air
Force Spacialty Codes (AFSCs). This was accomplished through the
development of an objective criterion with which the Air Force can
evaluate the compatibility of an individual's ability or inability to
successfully perform a selected set of well defined demanding tasks
within a wide variety of Air Force career fields and jobs.

Physically demanding tasks within AFSCs have been identified

through use of a survey administered by the AF Human Resources
Laboratory (HRL). Starting with the most demanding AFSCs, working
supervisors in these AFSCs were interviewed throughout the United
States including Alaska and Hawaii. Following the interview, a visit
was made to the supervisor's workplace to obtain actual measurements
of tasx demands by physical activity breakout. Field validations were
made in approximately 157 AFSCs and AFSC shredouts. Sedentary AFSCs
with no physically demanding tasks were not surveyed beyond the
questionaire level. Therefore, a sampling apptoach was taken to eva-
luate a sufficient number of these AFSC's to confirm they were not
physically demanding. Thereafter, no further attempt was made to eva-
luate the remainder of the X~factor three AFSC's due to the time
constraints remaining in the {iscal year, and the apparent trend of
light physical demands.

Data collected during these. base visits were used to categorize

the task demands of the AFSCs. The manual material handling activi-
ties of 1ift/lower, push/pull, carry, and hold accounted for the vast
majority of the demanding activities. These activities were sub-
categorized for performance measures into simulated tasks that were
common across AFSCs. R
Candidate strength and endurance tests were developed which would
measure an individual's ability to perform the simulated tasks and
predict performance in the related AFSCs' activities. Laboratory
tests were conducted tc assess the feasibility of the candidate tests
and to establish initial relatinnships between the strength and
endurance tests and performance on the series of simulated tasks.
Incumbents at nine different AF bases were then tested using the
modified candidate tests and simulated tasks. The incumbent scores
were used in conjunction with the task demand date from the field
trips to establish the final assignment criterion.
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I. INTRODUCTION
A. BACKGROUND
Rationale

There are many AFSCs (Air Force Specialty Codes) career fields in the
Air Force, which are composed of tasks requiring heavy or very heavy
manual work. There has always been a problem of individuals within an
AFSC being physically unable to perform these tasks. In the past,
these individuals have been reassigned to lighter tasks compatible
with their physical abilities since there were enough less demanding
tasks available to accomodate them. With the entry of a larger pro-
portion of females and weaker males into the Air Force, this problem
has increased. Many recruits (both male and female) do not have the
required strength and/or endurance to satisfactorily perform all Air
Force tasks. Therefore, a strength aptitude test battery has been
recommended to aid in improving the assignment of AF personnel to jobs
based on their physical abilities. -

With the advent of volunteer enlistment instead of the draft, indivi-
duals may be guaranteed a specific assignment AFSC as an inducement.
If they are unable to perform in that AFSC due to physical limitations
and cannot be persuaded to cross train into another AFSC, they must be
released from the service resulting in the loss of invested time and
money. Even with cross training, more time and money must be spent on
retraining.

There is another cost to the Air Force when individuals are
missassigned. It has been shown that the frequency and severity of
injuries are greater for individuals who are working in jobs which

have demands approaching or exceeding their physical capacities (Ayoub
et al., 1978). Some types ¢f injuries. such as those to the back, may
cause recurring problems to the individual for the rest of his life
with subsequent decrements in performance and increased medical cost
to the Air Force.

Thus to maintain job efficiency and reduce the incidence and

severity of injuries, it is desirable for the Air Force to have an
assignment criteria based on an individual's physical capacity to per-
form the required tasks.

Objective

\\\~—£>The objective of this project was to develop and validate a criterion
with which the Air Force could reliably evaluate the compatibility of
an individual's physical capacities with the physical demands of the

various Air Force Specialty Codes (AFSCs).\ES
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The benefits derived by the Air Force from this capability are a
reduction in early discharges due to the inability of the individual
to physically qualify for an AFSC after enlistment; a corresponding
decrease in training costs, both initial and cross—training, due to a
lower probability of an individual's eventual failure in the AFSC; a
reduction in injury related costs due to a fewer number of individuals
performing physical work at levels near or exceeding their maximum
safe capability to work; and a reduction in operating costs by
improving the work force capacity relevant to the physical demands of
the task.

A

B. OVERVIEW

The capability of the Air Force to select and assign personnel to
AFSCs is cruciai to their operational effectiveness. In order to
coordinate the employment and placement of its personnel, the Air
Force must match the capabilities and limitations of its personnel to
the demands of their AFSCs through the development of a valid strength
aptitude test battery.

Fundamental Concepts

There are three fundamental areas of concern in the development of
a strength aptitude test battery. These are:

a) The development of a set of physical requirements referred to
as the "physical demands” of the various AFSCs,

b) The measuring of physical abilities of individuals referred to
as "physical capacitiean.,” and

¢) The "compatibility™ between the physical demands of the

various AFSCs and the physical capacities of potential airmen entering
a select career field.

Physical Demands

Each AFSC was viewed primarily as having a three tiered crganiza-
tional structu~e (Figure 1) in which the tasks were subdivided into
subtasks which in turn were subdivided into further breakout elements.
For example, in the 551X0 career field (Pavements Maintenance) one of
the tasks was to "maintain vegetated areas.” That task consisted

of subtasks such as obtaining a job order, obtaining a vehicle,
removing a lawn mower from storage, obtaining gas, checking oil-gas,
pushing the mower to vehicle, placing the mower in a vehicle,
securing the mower, obtaining personal protective equipment, and
nowing the vegetation. Each of these subtasks was subdivided into
elements; for example, "placing the mower in a vehicle” required

12




TASKS SUBTASKS ELEMENTS ACTIVITIES

ST1

ST3

Figure 1. Organizational Structure of an AFSC
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several activities such as stooping, grasping, lifting, carrying, and
placing or positioning the mower to accomplish the required sub~task.

Task quantification was assessed at the element level; however, suc-
cessful performance in an AFSC was evaluated based on the ability or
inability of an individual to perform at the task level. Thus, when
reference is made to the physical demands of an AFSC, these demands
should be considered to reside at the task level.

Physical Capacities

Within this approach, the relevant physical attributes of an
individual were the individual's anthropometry, strength, and
endurance. The task analyses of the AFSCs showed that the vast
majority of all physically demanding tasks fell within the category of
Manual Material Handling Activities (MMHA). Thus the MMHA of lift,
lower, push, pull, carry, etc. were applied to the task breakdown and
hence identification and quantification. This reduced the number of

different primary physical capacities considered relevant to success-
ful preformance.

The Compatibility Between Physical
Demands and Physical Capacities

The results of the interaction between a task cv series of tasks

and the individual attempting to perform these tasks is based on the
compatibility of the physical demands of the tasks and the physical
capacities of the individual.

Assumptions

There are three fundamental assumptions which formed the basis,
for developing the "assignment criterion.”

These assumptions are:

(a) If an individual possesses the physical capacities demanded
by the tasks, then the individual is capable of safely performing the
tasks;

(b) There is a direct correlation between the case where an
individual can safely perform a given task or series of tasks and the
amount by which the individual's relevant physical capacities exceed
the physical demands of the task or series of tasks; and

(c) The physical demands of the AFSCs and the individual's phy-
sical capacities remain relatively constant during the period used to
validate the criterion.

14




The first two assumptions provided the rationale for attempting to
establish an objective criterion for assigning individuals to AFSCs.

The third assumption provided for the stability necessary to properly
achieve the validation of the assignment criterion.

Organization of the Approach

The methodology for accomplishing the objective of this effort

was divided into four phases. Phases I, II, and IV cover the sequence
of (I) analysis of Air Force Specialty Code, (II) development of
strength/stamina apptitude tests, and (IV) development of the assign-
ment criteria. Phase III is a supportive step for the other three
phases dealing with equipment identification and appropriate hazard
analysis. A brief summary of these phases is given below.

Phase I: Analysis of Air Force Specialty Ccdes to Quantify
Tasks Requiring Significant Physical Demands

Phase I dealt with the identification and quantification of task
demands for several AFSC's. The task analysis procedures included the
use of two survey questionnaires, supervisor interviews, and physical
measurements. The first survey questionnaire was used to rank order
tasks within an AFSC according to qualitative task demands. From each
AFSC's ordered list, twenty-five tasks were selected to be represen-
tative of the physically demanding tasks within the AFSC.

The second survey questionnaire was designed to obtain general
estimates of the weights and forces required by specific types of
activities (ie. lifting, pushing, etc.). Unfortunately the data were
obtained under conditions that rendered them unusable for the project.

Detailed descriptions of task elements and estimates of associated
weights and forces were obtained through supervisor interviews over
the course of 47 base visits. Information was also acquired on the
frequency of task performance and the percent of first and second term
airmen who were currently assigned to that AFSC. The interview was
followed by a verification visit to the duty station to quantify as
many of the estimated weights and forces as possible.

Phase II: Strength/Stamina Aptitude Tests

Phase II was concerned with the identification and development of
objective tests which could be used to evaluate an individual's maxi-
mum safe physical capacity to perform work. The test selection was
based upon the physical capacities of individuals identified during
the task analyses of Phase I as being relevant to successful task per-
formance.

15
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As expected, manual material handling activities accounted for

most of the demanding activities identified by Phase 1. These activi-
ties were subcategorized for performance measures into simulated tasks
that were common across AFSCs. Lift/lower activities accounted for
the majority of the MMHA. Many test candidates were evaluated as pre-
dictors of performance on these MMHA. A laboratory study was con-
ducted to obtain comparison data between the simulated tasks and the
canuidate tests. Based on these rasults, simulated tasks and tests to
be performed by a group of incumbents were selected. Incumbents at
ten bases were then tested to obtaln scores on the candidate tests and
selected simulated tasks. The data were analyzed to establish the
relationships between the two groups of data that could be used in
developing the final assigmnment criterion.

Phase III: Defining Equipment for Strength/Stamina Aptitude
Tests and Task Measurement

This phase dealt with the identification, testing and selection

of any measurement equipment required in phases I, II, and IV. The
relevant equipment and accessories, whether purchased or manufactured,
underwent a preliminary hazard analysis in accordance with DI-H-3278,
Section 10, paragraph 3. Only those items which complied with the
specified criteria were used.

Phase IV: Finalization of the Asgigmment Criterion

This phase dealt with the finalization of the assigmment criterion.
The assignment criterion, as outlined in this section, is based on a
single test score. The assigmment criterion would preferablv be based
on two test scores to minimize the testing times at the antry sta-
tions. If two test scores ave used, these will be:

(1) X1 the incremental 6' ft. lift, and
(2) X3 the 70 1b hold at elbow height.

If the assignment criterion is based on only one test score, X1, the
incremental 6' ft. 1ift will be utilized.




ITI. PHASE I: ANALYSIS OF AIR FORCE SPECIALTY CODES TO QUANTIFY
TASKS REQUIRING PHYSICAL DEMANDS.

Phase I dealt with the identification and quantification of task
demands for the AFSCs. The task analysis procedures included the two
survey questionnaires, supervisor interviews, and physical measure-
ments or vertification of activities performed in the supervisor's
work area.

A. SURVEY QUESTIONNAIRE 1

Survey Questionnaire 1 (also called the presurvey by the Air

Force Human Resource Lab, (AFHRL), provided a ranking of tasks within
AFSCs by physical demand. From each ranking, a representative sample
could be obtained for use during the quantification of that AFSC.

Objectives of Survey Questionnaire 1

The objectives of survey Questionnaire 1 were:

(a) to provide a preliminary screening of tasks in each ATSC to
identify tasks requiring physical demands,

(b) to rate the level of physical demands of each task according
to a 10 point scale “? to 9),

(c) to rank order the rated tasks to obtain a representative
sample based on physical demands and to determine each AFSC's task
demand distributioa, and

(d) to amend the task list for each AFSC by adding any physi-
cally demanding tasks not included in the supplied task list.

Development of Questionnaire 1

Questionnaire 1 was developed through the joint effort of Texas

Tech University and several concerned Air Force agencies (AFAMRL/HEG
and AFHRL/MODS). The principal item of concern was the formulation of
an operational definition of physical demands against which tasks
could be rated. Although, consideration was given to the use of a
five point scale, a nine point scale was selected. It was felt that
nine levels would provide a better division of the tasks according to
physical demands. Thus the rankings of the tasks by physical demand
and the frequency distributions would be more descriptive of the indi-
vidual AFSCs. Each point on the scale was defined by narrative
description that included quantitative values of physical task demands
represcatative of that level (See Table 1).
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TABLE 1

RATING SCALE FOR PHYSICAL STRENGTH AND
ENDURANCE USED IN QUESTIONNAIRE 1

Scale
Point Description of Effort

0] No Significant Physical Demand - Corresponding requirement
would include periodic lifting of 9 1bs or less = includes
most admingtrative and clerical tasks.

1 Extremely Light - Corresponding requirement would include
periodic lifting of 10-19 1bs to a height of 5 ft OR an
equivalent demand for frequent or continuous muscular effort.

2 Very Light - Corresponding requirement would include peri
odic 1lifting of 20-29 1bs to a height of 5 ft or an equiva-
lent demard for frequent or continuous muscular effort.

3 Light - Corresponding requirement would include periodic
lifting of 30-39 1lbs to a height of 5 £t OR equivalent de-
mand for frequent or continuous muscular effort.

4 Light to Moderate - Corresponding requirement would include
Periodic lifting of 40-49 lbs to an height of 5 ft OR equi
vilent for frequeant or continuous muscular effort.

5 Moderate - Corresponding requirement would include periodic
lifting of 50-59 1bs to a height of 5 ft OR an equivalent
demand for frequent or continuous muscular effort.

6 Moderate to Heavy - Corresponding requirement would include
periodic lifting of 60-59 1bs to a height of 5 ft OR an
equivalent demand for frequent or continuous muscular effort.

7 Heavy - Corresponding requirement would include periodic
lifting of 70-79 1bs to a height of 5 ft OR an equivalent
demand for frequent or continuous muscular effort.

8 Very Heavy - Corresponding requirement would include peri-
odic 1lifting of 80-89 1bs to a height of 5 ft OR an equiva-
lent demand for frequent or continuous muscular effort.

9 Extremely Heavy - Corresponding requirement would include
periodic lifting of 90 lbs or more to a height of 5 ft OR an
equivalent demand for frequent or continous muscular effort.

X No knowledge of Task Requirement
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The decision to emphasize manual materials handling requirements when
developing these definitions was based on the results of a
"mini-questionnaire” survey held at Reese and Dyess AFB. Details of
this survey and a sample of the questionnaire are given in Appendix A.
The results of this survey showed that 90 percent of the difficult
tasks in the studied AFSCs fell into the manual materials handling
category. These activities included 1ifting, lowering, pushing,
pulling, and carrying. Lifting was considered to be one of the most
demanding of thece activities. Since people were more familiar with
lifting objects of a known weight, they were able to accurately esti-
mate lifting forces required by other manual handling activities.
Therefore lifting activities were used to define the nine point scale
used in Questionnaire #1 for task ratings. The opertional definitions
describing each level of the scale are given in Table 1.

The tasks lists used with Questionnaire 1 were obtained from the
Military Personnel Center, (MPC). These lists had been developed by
MPC as part of their occupational surveys. These lists varied in
length from 210 to 1375 tasks depending on the AFSC. Each supervisor
was given the opportunity to add to the list any physically demanding
tasks in his career ladder that were not included in the questionnaire
and to rate them using the same scale.

In addition to the rating of these tasks, the supervisors were

asked to estimate what percentage of all the work done by first term
airmen could be categorized as very light, light, medium, heavy or
very heavy work. Each supervisor also completed a background section
providing information on his rank, time in the career field, etc. An
abbreviated example of Questionnaire 1 is given in Appendix B. The
general instructions for the questionnaire were prepared by HRL with
assistance from TTU.

Adninistration of Questionnaire 1

Adninistration of Questionnaire 1 was conducted by AFHRL. They
obtained the task lists from MPC, printed the questionnaire booklets,
selected the AFSCs and bases for participation, and distributed and
collected the booklets through the assistance of the base personnel
offices.

A "wave concept” was employed in administering Questionnaire 1.
Working in waves of about 45 AFSCs, the questionniare was admi-
ninstered to approximately 40-50 supervisors in each AFSC career
field. The first wave covered what was believed to be the most
demanding AFSCs as determined by the Armed Services X-Factor
Classification system in use at that time. The second wave included
the remaining heavy AFSCs and a sample of all remaining AFSCs,
regardless of demand. From the third wave on, the AFSCs were again
selected in order of the most physically demanding. These waves also
set the "pattern” for the waves used in administering Questionnaire 2.
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Analysis of Questionnaire 1l

Data from Questionniare 1 consisted pcimarily of the ratings of

tasks by surervisors. Analyses were performed by AFHRL to obtain mean
ratings and to rank order the tasks within each AFSC according to the
mean ratings. A mean rating 1s the average of the ratings given to a
task by the supervisors. The demand scale from 0 to 9 was divided
into smaller subintervals with a size of G.10 each yielding 90 inter-
vals of mean ratings (i.e. 0.0-0.1, 0.1-0.2,...., 8.9-9.0.).

A frequency count was carried out for the mean ratings in each
subinterval to obtain the task frequency distribution for an AFSC.
The shapes of the AFSC task distributions were found to resemble the
following distributions:

a. exponential distribtuion,
b. bell-shaped or normal distribution, and
¢c. a distcibution with a heavy tail to the right.

To 1llustrate these distributions, the histograms for three AFSCs have
been selected. Examples A (Table 2 and Figure 2) for AFSC 328X4:
Avionic Inertial and Radar Navigation Systems depicts an exponential
distribtuion. Example B (Table 3 and Figure 3) for AFSC 431x0:
Helicopter Maintenance shows a bell-shaped distribution. Example C
(Table 4 and Figure 4) for AFSC 472x3: Vehicle Maintenance illustra-
tes a distribution having a heavy right tail.

SURVEY QUESTIONNAIRE 2

Survey Questionnaire 2 was originally planned to be a detailed
follow-up survey for representative tasks from Questioanaire ) and

to obtain quantitative est'metes of task demands which wiuld be
verified with later field study data. In the process of develsopment,
Questionnaire 2 beczme a two part survey; the first developeu colely
by AFHRL for their use and the second developed by TTU in conjunction
with AFHRL for the quantification of AFSCs demands.

In the AFHRL section of the survey, the supervisor was requested

to rate (using two 9-point scales) the stivength and endurance required
to perform a specified task for each type of effort involved
(lift/lower, carry, push/pull, etc). The TTU section asked the indi-
vidual to rate the same specified activities using a scale based on
weight, and characterize the activity according to the type of
activity, repetitions, rate, posture, distance, and time required to
complete the activity. The discussion in this report of the objec~
tives and development of Questionnaire 2 will be limited to the TTU
section.
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TABLE 3

EXAMPLE OF AN BELL SHAPED FREQUENCY DISTRIBUTION OF TASK DEMANDS

(AFSC 431X0, HELICOPTER MAINTENANCE)
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TABLE &

EXAMPLE OF AN FREQUENCY DISTRIBUTION OF TASK DEMANDS WITH HEAVY
TAIL TO THE RIGHT (AFSC 472X3, VEHICLE MAINTENANCE)
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Objectives of Questionnaire 2

The objectives of Questionnaire 2 yere:

(a) to collect quantitative estimates of weights and forces
required to perform AFSC tasks identified as physically demanding,

(b) to obtain supporting data on body posture, frequency of 1lift,
task duration, etc. for these tasks, and

(c) to obtain general task information on percent participation,
frequency of task performance, etc.

Development of Questionnaire 2

Questionnaire 2 was designed to be an adaptation of a study done

by Arbeit and Schaefer {1977). They showed that experienced people
usually accurately estimate quantitative values for specific job
demands. However, their study involved the use of personal interview
rather than a questionnaire format. Therefore a field validation of
Questionnaire 2 was planned wherein field interviews with verification
of weights and forces would be conducted and the data compared to
Questionnaire 2 data.

The development of Questionnaire 2 centered around the aforementioned
activities involving manual materials handling. These representative
activities chosen were lift/lower, push/pull, and carry. Torque (or
turning) activities were also included as they had been identified in
the mini-survey (Appendix A) as demanding for some individuals.
Questionnaire 2 was designed to obtain specific information about task
demands. In addition to weight or force, other factors such as height
and frequency of 1lift, body posture, and duration were included. The
questionnaire originally prepared with the help of AFAMRL was designed
so that the supervisor could give specific estimates as answers to the
questions.

Based on a pilot administration of Questionnaire 2, it was found that
the total time to complete a survey consisting of 25 questions
(assuming an expected 50 percent response to all questions as deter-
mined in the sample survey) was approximately 2 hours. Modifications
were recommended and forwarded to AFHRL for use to improve question-
naire 2 survey. An example of questionnaire 2 is shown in Appendix C.

Selection of Tasks for Use in Questionnaire 2

For each AFSC there are nunmerous tasks, in most cases hundreds nf

detailed tasks. Each task may require various levels of physical
strength and/or stawina. Using Questionnaire 1, these tasks were
rated cn a physical demand scale ranging from O to 9. A task rated at
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9 was clearlv a significantly deuwandiag task wherzas a task rated at 0
wvas not considered to require any physical stamina or strength. Since
it was desired to choose a representative sample of wmany tasks
available, the possible candidates for selections were those that fell
at 2.5 or above on the demand scale. The more demanding tasks are
considered to be those that fell within the higher portion of the
scale, at about 5.0 or above.

To obtaln thils representative sample, the range 2.5 to 9.0 was

divided into subintervals, namely 2.5-3.0, 3.0-3.5, ..., 8.5-9.0. 1In
developing this sampling procedure, each subinterval was given a width
of .5 rather than .1 (the interval size of data received from HRL).
With subintervals of size .1, the frequencies in the subintervals are
relatively small which results in more tasks selected than are present
in a subinterval, and with an interval size of .5 one is left with 15
to 20 subintervals which is reasonable to justify the adequacy of a
frequency distribution in describing the data. Therefore, the job of
selecting tasks was simplified with a minimal loss of information.

In developing the sampling scheme, the frequencies of the tasks
falling in the subintervals for a particular AFSC were welghted in
such a way that proportionately more tasks were selected from the high
demand subintervals. Therefore, an exponential sampling scheme was
used in which the number of tasks selected from each of the 13 ranges
utilized an exponential weighting scheme symbolized by W; = exp (2.5),
Wo = exp (3.0), ..., Wy3 = exp (8.5). The number of tasks selected
from the i-th range was

where n was the number of tasks to be selected and f; was the number of
tasks available in the i-~th range.

The use of exponential weights assured the selection of more

tasks from the heavy side of the demand scale. Using these exponen-
tial weights, however, sometimes resulted in larger sample sizes than
the actual number of tasks available in some of the subintervals. For
example, there may be only four tasks available for selection, but
this sampling scheme may require 10 tasks to be selected. This
variance also existed when linear weights were used, but to a lesser
degree. When this occurred, a "roll-down” procedure was used, that
is, all four available tasks from the subinterval were picked and the
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remaining <ix froam the next lower subinterval under consideration
vera selected.

Table 5 illustrates this situation. 1In this example, the intervals
7.0-7.5, 7.5-8.0, 8.0-8.5, and 8.5-9.0 had no tasks available. The
use of exponential weights required more tasks to be selected than

were present in the subintervals 6.0-6.5, and 6.5-7.0. Therefore,

using the "roll-down" would require additional tasks to be selected
from lower ranges.

Administration of Questionnaire 2

Administration of Questionnaire 2 was also conducted by AFHRL.

Basic procedures and the "wave"” concept used for Questionnaire 1 were
used. The 25 (or 50 in the case six AFSCs) tasks for the TTU section
were supplied by T7U to AFHRL based on Questionnaire 1 results. These
tasks became a subset of the 60-100 tasks used by AFHRL in their sec-
tion of the survey.

Questionnaire 2 was designed to be administered to approximately

50 (or 100 for the six test AFSCs) supervisors in each AFSC. To keep
administration time to less than three hours, and because the HRL sec-
tion of the questionnaire required each supervisor to respond to
approximately 50-100 tasks, HRL imposed a limit of 10 tasks per super-
visor for the section developed by TTU. (For a total of 10 task x 50
rater = 500 Task-Raters.) In order to provide an adequate demand
representation for each AFSC for TTU, it was necessary to obtain a
total of 25 tasks for each AFSC. Therefore each supervisor was not
given the same 10 tasks in section III. Instead, each supervisor was
given a select set of 10 tasks which differed from those provided to
other supervisors. Thus fur purposes of reliability, the tasks given
to each supervisor were arranged to obtain data for a total of 25
tasks with approximatley 20 supervisors responding to each task. (500
Task-Raters + 25 Tasks = 20 Raters/Task.)

Analysis of Questionnaire 2

In November of 1979, AFHRL conducted a pilot study of Question-

naire 2 using 40 supervisors (10 each in 4 AFSCs) with 27 returns.
During December, a brief review of the 27 booklets returned was made
by two of the TTU team members. When they coupared task responses in
the TTU sections, with the same tasks in the AFHRL section, they fre-
quently found no apparent relationship between them. For instance, in
the HRL lifting activity might be given a strength rating of 8 or 9
indicating a very large physical demand while the same task in the TTU
section would be marked with no or very light demands for lifting.
Also noted was a tendency for the supervisor to start using identical
ratings for both the strength and endurance scales of the HRL section
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TABLE 5

EXAMPLE OF TASKS SAMPLING USING EXPONENTIAL WEIGHTING

SCHEME AND ROLL-DOWN PROCEDURE (AFSC 431X0)

Range Wy
Ly ng £4 na
5.5-6.0 401 10 S 5
5.0-5.5 .243 6 15 11 (6+3)
4.5-5.0 <147 4 22 4
4.0-4.5 .089 2 36 2
3.5-4.0 .054 i 37 1
3.0-3.5 .033 ] 69 1
2.5-3.0 .020 1 110 1
2.0-2.5 .012 0 146 0
1.000 2:5 440 25
where:
wy = exponential weights
£y = number of tasks available for selaction
nj = number of tasks to be selected using exponential weights
n, = number of tasks selected using roll-down procedure

(tasks not available for selection in one range are
taken from next possible range)
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part way through their responsas to the 100 tasks in that section.
Table 6 shows the correlation coefficients between strength ratings
for both secticns.

Subsequent Analysis

A later comparison of the AFHRL and TTU sections was made when

more returns from Questionnaire 2 were available. For this analysis,
fewer AFSCs were selected but the sample size in each was increased.
The AFSCs used and the corresponding sample sizes, N, were:

AFSC N
304x4 Ground Radio Comm. 23
321X0 Bomb-Nav. Systems 25
431X1/431X2 Aircraft Maintenance 17
571X0 Fire Protection 57

Selection of the above AFSCs was based on the nature of each.

Aircraft Maintenance was known to be very complex, involving several
types of aircraft, and comprised of many "separate” AFSC's. Depending
on the aircraft handled, each AFSC (shredout) required different job
demands. Bomb-Nav. Systems and Ground Radio Communications were con-
sidered "straight-forward” AFSC's with specifically defined activities
and objects. Fire Protection was chosen for its "uniqueness” because
of the job demands required of firemen. As a result, this AFSC
required specific tasks dissimilar to most other AFSC's.

Because of the design of questionnaire 2, the Spearman correlation was
used to investigate in general the differences between the two sec-
tions of the survey. Table 7 shows in the summary of the correlation
coefficients. The values in Table 7 indicated a general tendency of
low to moderate correlation between the responses of the AFHRL and TTU
sections of the survey. Bomb-Nav. Systems appeared to reflect the
greatest correlation between the two sections compared to the other
AFSCs. The lowest correlations corresponded to activities in Aircraft
Maintenance. These results held fast to the assumptions made on the
nature of the AFSCs chosen - higher correlations for a well defined
AFSC, such as Bomb - Nav. Systems opposed to the more complex job
demands of Aircraft Maintenance.

Based on the results of questionnaire 2, it was found that, although
the questionnaire concept would be most economical, it did not yield
the anticipated results. The results showed pattern marking of
answers either due to the survey being lengthy or not taken seriously.
It should also be noted, questionnaire 2 was developed before meaning-
ful amounts of field survey data were available for analysis and thus
were based on face validity and a prior assumption.
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TABLE 6
CORRELATIONS BETIWEEN STREVGTY RATING IN SECTION II (ATHRL)
AND THE WEIGHT/FORCE VALUE IN SECTION III (TTU) OF
QUESTIONNAIRE 2

AFSC L/L P/P c T OVERALL

1. Helicopter Maintenance (431x0) .53 W41 L4 .68 .52

2. Pavement Maintenance (551x0) .22 =.31 04 =32 -.21
3. Pararescue Recovery (115x0) .10 03 -.16 N/A* .01
4. Bomb-Navigation System (321x0) .32 .67 S .89 .53
5. Missile Electronic Equipment
Specialist (316x2) .67 .26 .53 .81 .54
| 6. Outside Wire and Antenna
Maintenance (361x0 .13 41 47 .30 .31
7. Missile Systems Cable Splicing
l & Maintenance (361x1) .48 .24 .22 .00 .35
3
8. Aircraft Maintenance (431x1)
or (431x2) .34 .16 .19 .53 .27
©. Electrical Power Line
Maintenance (542%1) .39 .22 64 .08 .40
10. Vehicle Maintenance (472x2) -.15  =.06 .00 .01 ~.04
11. Survival Specialist (921x0) 29 =21 .18 N/A* 14

12. Security and Military
Working Dog Qualified (811x2A) -.31 .16 .31 N/A* .20

13. Fire Protection (571x0) .51 .49 .38 .35 46
14. Meat Cutter (612x0) .65 .50 .52 -.43 .52
15. Fuel Services (631x0 .31 .05 .30 .06 .18

16. Security Police (811x0) or
(311x2) .73 .07 .03 N/A* .11

*Not applicable as the data were not available.

Key: LL = Lift/Lower activity C = Carry activity
PP = Push/Pull activity T = Torque activity
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TABLE 7
SPEARMAN CORRELATION COEFFICIENTS FOR TTU AND AFHRL
QUESTIONNAIRE DATA
H
|
[
AFSC LIFT CARRY PUSH/PULQ‘
3044 0.56 0.45 0.34
321%0 0.43 0.45 0.57
431X1/431X2 0.33 0.27 0.23
571X0 0.47 0.42 0.38
{
All AFSCs 0.46 0.40 0.38
Combined |




DATA COLLECTION BY INTERVIEW/VERIFICATION TECHNIQUES

Because of problems in consistency between the two sections of
questionnaire 2 plans were made to initiate base visits to collect the
needed data in place of questionnaire 2. An interview format was
developed to obtain estimates of the weights and forces encountered
when performing the 25 tasks selected for Questionnaire 2. The inter-
view was followed by a visit to the workplace where as many actual
weights and forces as possible were measured for these tasks or other
demanding tasks identified by the supervisor.

Development of Interview Techniques

During the development of Questionnaire 2, long range plans were made
for field validation of the data obtained by the survey. The field
work was intended to be done on a limited, but representative scale,
compared to the survey questionnaire. The data obtained from the
field validation were originally intended to be used to "adjust” the
questionnaire results. It was originally intended to conduct the
field studies after receiving the data from each wave of Questionnaire
2. However, with the delays encountered in getting Questionnaire 2
into the field, it was decided to start field validation work earlier,
resulting in the field validation running concurrently with the
questionnaire.

The field validations were developed around a two-stage format: a) an
interview and b) a verification of data in the work areas. The inter-
views were to be conducted using the tasks selected for Questionnaire
2 as a guide so that comparable data could be obtained. The inter—
views were planned to last no more than 1-1/2 hours, preferably 50
ninutes on the average. The verification step consisted of obtaining
actual measures of the task dem:ads, especially in terms of the
weights and forces required.

Some preliminary analyses were performed on interview data that were
obtained prior to the summer of 1980. The supervisors gave estimates
of the weights (or forces) required for Lift/Lower (LL), Push/Pull
(PP), and Carry (C) activities relevant to various tasks in their
AFSC's. The actual weights (or forces) required to perform the acti-
vities were then measured (verified). The following Pearson correla-
tion coefficients between the estimates and the actual values were
obtained, where N represents the number of pairs of estimates and
actual values and R represents the correlation coefficient:

LL, N = 448, R = 0.814
PP, N = 121, R = 0.488
C, N = 183, R = 0.882.

The value for N does not represent the number of supervisors, but the
nunber of estimates and actual values. That is, each supervisor could
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have given one or more estimates. The smaller value of R for PP could
be due to the fact that it is not as easy to give an estimate for a PP
activity as it is for an LL or C activity.

The format for the interview consisted of four steps. A brief
description of the project and its objectives was first given to each
supervisor. Next, standardized background information on the super-
visor was collected. The more "formal” part of the interview was ini-
tiated by asking the supervisor to rank the task list for his AFSC in
order from the most to the least physically demanding. The 25 tasks
were coded with the letters A through Y. Examples of the instructions .
and a task list are shown in Tables 8 and 9 respectively. The
supervisor's rank order was then transferred to the principal inter-
view sheet and used to set the general pattern for the remaining part
of the interview.

The front of the interview sheet (Figure 5) was organized around

the manual material handling activities used in the development of
questionnaire 2. Therefore the primary catagories were 1ift/lower,
carry, push/pull, and torque. However, a column was provided to obtain
additional information on other demanding activities. The activities
were coded as shown in Table 10.

The interview format originally developed was designed to quickly
survey the task list to determine the number «f demanding activities
in each catagory. The supervisor was asked to identify which
demanding activities were found in each task. These were indicated by
a mark in the upper left small box in the appropriate activity
columns. After surveying all tasks, the marks in each column were to
be totaled. The interviewer would then go back through the 1list con-
centrating on just the predominate activities. For these, he would
ask for an estimate 0. the weight or force involved which was reccrded
in the large square and the usual posture involved which was recorded
in the lowar smaller square using a number code (Table 10). A space
was provided for general remarks specific to each task. In addition,
a column was provided to assess the general strength and/or endurance
requirement of the entire task. The supervisor was asked if it was
more important for an individual to have strength or endurance to be
successful in that task.

The back of the interview sheet (Figure 6) was originally designed

for use with the verification step following the interview and to
record the supervisor's comments. It was planned to select 5 repre-
sentative tasks from the list of 25. For these five, an attempt was
to be made to measure the actual weight or forces that the supervisor
had estimated. To do this, the field team was equiped with Amtek load
cells (Model CT-1000) and digital display units (Model HSC-1l), and
was able to obtain actual weights and forces associated with tasks in
the work area.
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TABLE 8

INSTRUCTION SHEET FOR TASK RANKING USED
DURING FIELD INTERVIEWS

INSTRUCTIONS FOR RANKING TASKS ON TASK LIST

You are asked to rank a list of 25 representative tasks performed
in your AFSC. When comparing one task against another, consider only
the physical demand required to perform each task—-not how frequently,
or infrequently, you may perform each task.

Physical demand includes both strength and endurance. Strength
and endurance are found in tasks which include heavy muscular demand,
or frequent and continuous exertion of muscular effort. For example,
in one task you might 1ift a heavy weight once. In another, the
welight might be considered light if lifted only once, but the task
requires many repetitive lifts. The first example requires strength,
and the second, endurance; but both are physically demanding tasks.

Rank the 25 tasks in order from 1 to 25, according to the physical
demand required to perform each task. The task you rank number 1
should be the most physically demanding task on the list. Number 25

is the least demanding.

If you have not performed a task and cannot rank it, mark it NA
(Not Applicable) and proceed to rank the remaining tasks.

If you have performed a task(s) that is not on the list but is
significantly demanding (i.e., it ranks with the top five tasks you

have ranked), then inform the interviewer in the discussion which
follows.

Note: Security classification of this interview is "Unclasgsified”
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TABLE 9
EXAMPLE OF AFSC TAS¥. LIST USED DURING FIZLL INTERVIEWS
TASK SHEET ! ATSC 304X4 Ground Radio Equipment and RepairT'K-009
TASK | RANK TASK DESCRIPTION :
A Remove or install power supply systems (F 193)
B Remove or install permanent type antenna sys. (F191)
. Remove or install multiple channel IR power
; C amplifiers (¥ 167)
Remove or install consoles other than Launch control
D consoles (F 189)
Remove or install single channel 5SB power ampli-
E fiers (F 220)
) F Set up mobile communications vans for use (F 245)
Remove or install multiple channel F transmitters
G (F 170)
Remove or install multiple channel or track recorden
H and reporducers (F 176)
Remove or install multiple cnannel UHF transmitters
) I (F 181)
Remove or install multiple channel UHF power
| J amplifiers (F 178)
K Dig trenches (L 662)
18 Remove or install UHT transmitters (F 235)
M Set up tents or 1948 shelters (L 672)
Remove or install multiple channel THF receivers
N (F 180)
) 0 Remove or install UHF transceivers (F 234)
P Lay electrical or communications cables (L 664)
Set up bath, kitchen door sanitation facilities
Q (L 669)
Remove or install multiple channel HF transceivers
) R (F 169)
[ Remove or install UHF Linear power :mplifiers(F232)
2 Remove or install multiple HF receivers (F 168)
) U Remove or install Hacsimile systems (F 168)
Remove or installmultiple channel UKF exciters
v (F 177)
Deliver test equipment to materials control or
W PMEL (E 113)
) X Remove or install mobile antenna systems (F 163) '
Renove or install single channel SSB transceivers
R (F 222)
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Figure 5. Front of Interview Sheet Used During
Field Interviews
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TABLE 10

CODING SHEET USED TO IDENTIFY ACTIVITIES
AND POSTURES ON INTERVIEW SHEET

EXAMPLES OF ACTIVITIES

A Lift F Torque/turn

B Lower G Hold/position
C Carry H Climb

D Push I Shovel/dig

E Pull J Hammer

0 Other--as appropriate for your AFSC

WORKING POSTURES

1 Standing 6 Xneeling

2 Walking 7 Lying

3 Running 8 Stooping (knees bent)
4 Crawling 9 Bent at waist

5 Sitting 10 Other
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Testing and Finalization of Interview/Verification Procedures

After development of these interview procedures, several interviews
were arranged at Reese AFB, Hurlwood, TX. These involved the
following AFSCs: Fire Protection, Pavement Maintenance, and Aircraft
Maintenance. In the course of these interviews, it rapidly became
evident that the initial assessment of which demanding activities were
present and tallying their nunbers was unnecessary. Going through the
task list twice Aduring the interview (not counting the airman's
ranking step) required the individual to recall what specific aspect
of the task he originally had in nmind when later asked to detail these
demanding activities. The airmen were usually verbally identifying a
specific object and associated activity the first time through the
list. Therefore it was actually more expedient just to ask what was
the most demanding lift/lower, for example, determine what object was
handled, and to get an estimate of the weight involved and the
required posture when going through the list the first time. After
the first few trips, the decision was made to record the height range
involved for lift/lower activities. These were coded to indicate the
starting and ending points using F for floor, P for pallet, K for
knuckle, W for waist or workbench, S for shoulder, and R for reach.

It also became obvious during these initial interviews that the
nunber of people involved in performing an activity had to be recorded
since two or more people frequently participated in the activity.
Thus the number of people, if more than 1, was indicated under the
estimated weight by "2 p", atc. If the weight was large but still
handled only by one individual, this was specifically noted as "1 p"
to avoid later confusion.

During these interviews saae problem also arose with the strength/
endurance columns. Although the endurance column was originally
intended to note cardiovascular endurance, many individuals wanted to
express a requirement of the task for localized endurance. Therefore
responses in the endurance column were coded "WB" or "L" to
distinguish between "whole=body"” (cardiovascular) endurance and
"localized" muscle fatigue (as from hammering). Individuals were
encouraged to choose either strength or endurance but if they insisted
that both were equal, that was recorded.

Originally the interviews followed by the verification were con-
ducted at the airman's work place. This often led to numerous
interruptions and distractions making it difficult to complete the
interview in 1~1/2 hours. During a trip to Wright-Patterson to show
the interview format to the technical monitor, the airmen were asked
to come to his office for the interviews. This proved to be a
superior technique as the individual could devote his entire attention
to the interview. During the interview, arrangements were made for
the field team to go to the interviewer's work place at a later tiae
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for verifications. When possible, a definite appointment was set up.
Otherwise, arrangements were wade to call the airman prior to meeting
with him.

When attenmpting to verify the five tasks selected from the interview,
it was frequently impossible to find all the necessary items at the
work site specific to those tasks. All available items were weighed
along with any other items the supervisor would regard as highly
demanding. Measurement of push/pull forces and torques were much more
difficult. These frequently required that the task be ongoing.
Wherever possible that portion of the task was "set up” and the forces
measured.

Improvements in the verification stage were accoirplished by the
development of a worksheet (Figure 7). Before going to the shop, the
items mentioned during the interview were transferred to this sheet
along with the activity and estimate. When the object was weighed or
a force measured, the actual weight/force was recorded ip the
appropriate column. Thus on later visits to a shop, it w  readily
apparent what verifications had or had not been made. T!.. sheet was
also used during subsequent interviews. After finishing the regular
interview, the airman was asked for estimates on any of the worksheet
items that he had not mentioned.

After enough interview/verification data had been collected to

develop simulated tasks (described later), the interview sheet was
modified agaia to provide space for coding which simulated task best
described the activity involved. At the same time, space was also
provided on the interview sheet to record the supervisor's estimates
of the percent of first and second term airmen who performed each task
and an indication of how frequently (daily, weekly, monthly, quar-
terly, semi-annually, or yearly or more) the task was performed. The
space for recording information on each activity was enlarged so that
the interview "sheet" covered two pages on both sides. Space was pro-
vided on the last shee: for summarizing the number of activities iden-
tified and for recording additional remarks. The revised interview
sheet is illustrated in Figures 8 and 9.

At the same tiame, the work sheet was revised to allow space for

entry of the simulated task cede, percent participation,and task fre-
quency (Figure 10). The order of the columns were also rearranged to
facilitate data entry into the computer.

Planning and Scheduling of Base Visits

Utilizing a variety of data available within the Air Force personnel
system, such as preliminary strength and stamina surveys, percent par-
ticipation of airmen performing tasks with each AFSC, and other
general information pertaining to the organizational units and weapon
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se

systems located at each of the Air Force bases, an initial plan was

developed to ensure proper selection of the bases and AFSCs for the

reviews. This resulted in achieveing the established objectives for
the stratification of mission performance by major air commands, and
variances in job requirements due to geographical factors and weapon
systems.

The current “Airman Classificatioa Structure Chart” (used in
conjunction with AFR 39-1) served as the project baseline for the
total population of AFSCs to be quantified for physical demands. The
31 October 1981 structure chart listed a total of 226 AFSCs and 188
geparately identifiable shredouts, plus an additional 30 "Special
Identifier” AFSC's for an overall total of 434 AFSCs/Shredouts. Of
this amount, approximately 20% were classified as Factor-X three AFSCs
(i.e., basically administrative jobs requiring a low level of physical
demands). The remaining 80% of the AFSCs, then, were all primary con-
didates for the verification review process. A priority approach was
taken to evaluate Factor-X one AFSCs first and then, the lesser
demanding Factor-X two and three AFSCs.

A variety of criteria were used in the process of develcping the
approach for selecting 10 Air Force Bases to be used for the field
validations. For exampie, the "civil engineering” family of six AFSCs
was scheduled at bases ranging in size from a small ATC base with
limited personinel, minimum essential support and handling equipment,
to the largest civil engineering operation in the Air Force at a base
with several hundred personnel performing the spectrum of required
jobs with a variety of material handling equipment. Another special
family of functionally homogenous AFSCs belonged to the missile weapon
system career fields. The three bases chosen not vnly provided the
data and capability to evaluate the functional differances in the jobs
(i.e., migssile mechanic, migsile facilities, missile equipment, etc.)
but also the variances in the performance of each job in terms of spe-
cific weapon systems. The data collected can also be segregated by
the two major missile systems (Minutemen Missile and Titan Missile)
and by operational mission performance, or by special missile training
and testing mission requirements.

Due to the large number of Air Force personnel utilized within the
Aircraft Maintenance career fields (AFSCs 431X0, 431X1, and 431X2),
data collection and segregation capability existed for not only eva-
luating the jobs by light, tactical aircraft and heavy aircraft cate-
gories, but also by each «f the major aircraft shredouts within each
category. This approach in developing the field validation plan and
schedule provided early visibility into the differences between the
physical demands of each category. Some tasks were more demanding
when performed on heavy aircraft (bombers and transports); others were
more demanding when working on light, tactical aircraft. Variances
existed even within the same category; i.e., accessibility to equipment
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on the latest F-15 or F-16 fighter aircraft was easier than with

other "light"” aircraft, reflecting fundamental design concepts incor-
porated into the engineering and development of these newer, more
advanced technology weapon systems. Furthermore, some aircraft mecha-
nics are utilized in other related jobs (Aerospace Repair Shop, Engine
Depot Maintenance, etc.) sometime in their career progression which, in
turn, creates additional variances in physical demands.

A similar approach was taken in selecting bases and collecting data
for other career fields typified by the electronics and avionics
AFSCs. In addition, consideration was also given to geographical and
climatic factors in selection of the bases. Lastly, it was considered
especially important to have a balanced stratification of interviews
by major Air Force commands in evaluating the difference in require-
ments due to mission performance responsibilities by each major air
command.

Having evaluated the above factors and finalized selection of bases to
visit, the next step was to determine the number of interviews to be
conducted at each base and to identify the tasks within any AFSC where
primary stress would be placed in accomplishing the verification of
data in the workplace environment. The initial target objective was
to strive for an average of three interviews for each of the AFSCs
reviewed. Primary emphasis would then be placed or the "top 5" tasks
ranked by each supervisor interviewed. This would produce a possible
range of 5-15 tasks to be verified for the predominent action in each
of the 21 career fields. Recognizing that it would not always be
possible to find all the objects handled or equipment used readily
available in the work areas for measurement, the team targeted its
planning objective for verifying three of the five top ranked tasks
identified by each supervisor interviewed. Where it was impractical
to measure the weight or force applied to an object or piece of equip-
ment, the team members investigated the existence of official documen—
tation, such as Tech Order publications, to obtain the data. This
source of data proved to be a valuable supplement to the collection of
verified data, especially in such career fields as aircraft main-
tenance, avionics, loadmaster, egress systems, radio equipment, etc.,
where technical manuals used frequently in the performance of the job
were readily available and contained weight data by specific weapon
systemns.

Additional information and data were collected during surveys of

the supervisor's work area and in discussions with other personnel
(i.e. working associates, subordinates, and/or superiors of the super-
visor interviewed). Typical information included scenarios on the
work schedule and working enviromment, material handling equipment
available, unique mission requirements, adverse climatic and working
conditions, participation on special missions and/or exercises, com
ments from first~term airmen and females working in the AFSC, and
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other pertinent information. To & limited degree, photographs were
taken of the worker performing a physically demanding task in an unu-
sual position, a confined work space, and/or handling a heavy object
or piece of equipment. When available, technical publication
libraries were researched for pertinent data, with the assistance of
authorized, assigned personne!. Very valuable sources of information
and expertise were the functional experts at major air command
headquarters; for example, the Loadmaster NCOIC for each of the
mission aircraft assigned to Headquarters MAC, the Life Support
Equipment NCOIC at the same command headquarters, and the Minuteman
and Titan missile system evaluation teams at Vandenberg, AFB provided
invaluable assessments of job requirements and personnel performing
within their career field throughout the command.

Official coordination, clearances, and detailed schedules for each
base visit were hancled by a designated official from the program
technical monitor's office (AFAMRL). This timely and thoughtful sup-
port was invaluable to the team, making the performance of their job
easier and more efficient. Proper clearances and approval for the
vigits were first obtained through each of the major air command head-
quarters. Thereafter, each base visit was arranged for by a request
letter to the basz commander's office followed by an approval
response. Detailed arrangements were then coordinated with the
designated point of contact, a CBPO (Consolidated Base Personnel
Office) representative, at least three weeks in advance of the planned
visit. Follow-up coordination was accomplished normally one week
before arriving on a base visit. Without exception, all base visits
were completed smoothiy thanks primarily to the professional com-
petency of the personnel who handled the administrative detailsg for
scheduling the interviews, reserving excellent facilties for con-
ducting the interviews, and properly notifying concerned participants
and their supervisors. The team received a warm welcome and total
support for their activity at each and every base they visited. This
was especially gratifying and recognized in personal letters of thanks
to those responsible for providing this essential support. :

As mentioned previously, interview and verification procedures

were constantly being refined and improved with each of the early
vigits to bases. Time saving techniques were integrated with {mproved
data collection procedures to produce a morse efficient and effective
operation by the team. Almost imperceptibly at first, the team was
able to increase the number of interviews conducted while concurrently
obtaining more comprehengive data on each interview and verification
review. The advantages of on-site personal interviews with experienced
supervisors was readily apparent. All of these factors, combined with
the addition of two more team members and additional measuring
equipment, resulted in & reorientation of the tzam's objective from
one of gathering verified data for the ultimate purpose cf correlating
it to Questionnaire 2 responses to one of actually verifying the phy-
sical demands of the AFSCs.
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Appendix D presents a summary of the actual bases visited, the number
of interviews conducted, and the number of AFSCs reviewed. The
corresponding total number of supervisors interviewed is 885. These
totals constitute an increase of almost 3007 in the number of
orignially planned interviews and a 100% increase in the number of
AFSCs to be reviewed.

Table 11 contains a summary breakdown of the number of supervisors
interviewed by grade and major air command assigmment. The grade
distribution indicates a desirable spread rather than an overloading
in the lower grades of less experienced airmen. The average total
years of experience within the AFSC career field was almost 10 1/2
years.

Table 11 also reflects a representative distribution by major air
command of assignment. As expected, the predominent command of
assignmant is the Strategic Air Command (SAC). This can be partically
attributed to the fact that eight of the AFSCs are in the “"missile
family” of jobs related to the Titan and Minuteman weapon systems;
both of these strategic weapon systems come under this operational
control and responsibility of SAC. To a lesser degree, the aircraft
maintenance, bomb~navigation systems electronic warfare systems, and
"avionics” AFSCs contribute substantially to the total of 885 super-
visors interviewed.

The average grade of E-6, Tech Sergeant, coincides with the targeted
grade established at the outset of the project. The average years of
experience working in the AFSC (10 1/2 years) is a good indicator of
the total experience possessed by the personnel interviewed. 1In addi-
tion, a representative stratification of major command of assignment
was obtained and was most beneficial in the aralysis of the data
collected, especially in terms of variance in mission performance and
weapon systems involved.

Interview/Verification Data Handling Procedures

After each base visit, the data collected were tabulated on the
workeheets. When several interviews had been completed in an AFSC, the
data were reviewed for completeness. When a judgement was made that
sufficient data had been obtained for an AFSC it was declared "closed”
and, in most cases, no further interviews were cenducted. The rationale
for closing an AFSC was based on the number of interviews conducted, the
number of actual weights/forces measured, the number of estimates, and
the likelihood of obteining an actual value with which to replace the
estimate. The closeout decisions were made by a retired USAF Colonel
who also used his service experience in making this judgement.

Each AFSC was submitted to an audit when it was closed out. In
this process a master worksheet was prepared with tasks alphabetized.
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TABLE 11

SUPERVISORS INTERVIEWED (BY GRADE & MAJCOM)

g
SUPERVISORS INTERVIEWED (BY GRADE & MAJCOM)
4 Grade SAC MAC TAC AFLC AFSC ATC OTHER TOTAL
cMs (E-9) 1 10 1 = ~ 1 1 14
SMS (E-8) 6 16 6 1 = 1 3 33
L)
MSG (E-7) 37 37 40 15 6 14 22 171
| TSGT (E~6) 97 57 67 12 10 16 37 296
Lower (E-5,
1 4,3,2,1) 55 53 78 24 8 6 39 263
Other (2Lt
& civilian) 20 22 31 9 1 13 8 104
R I e = S
L3
Totais 219 195 223 61 25 52 110 885
Average Grade: TSG (E-6)
g Average Number of years of experience, 10 1/2 years, per supervisor.
4
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This master worksheet was rsconciled to all interview sheets and other
supporting information to make sure that it contalined all relevant data.
Data on top rank tasks, number of tasks requiring lifting, carrying,
etc. and other summary statistics were posted on an AFSC summary sheet
(Figure 11).

The master worksheet was then used to input data into the computerized
data file. A copy of the file atructure and layout is shown in Table
12. 1In addition, a sample printout of the file contents is given in
Figure 12. If additional actual values became available after data
entry, the computer files were updated as appropriate.

Analysis of Interview/Verification Data

Descriptive statistics in terms cf means, standard deviations and
ranges of weights or forces by activity were obtained for each AFSC.
Histograms of task demands by activity for each AFSC or for the com
bined AFSCs were also prepared.

The predominant activity for most AFSCs was lift/lower followed by
push/pull.
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TABLE 12

STRUCTURE OF INTERVIEW/VERIFICATION DATA FILE

Field Contents

1-4 K-NUMBER

6-11 AFSC

13-14 TASK

16~-18 Activity/Range (Coded)
20-53 OBJECT

55-56 Simulated Task (Coded)
58-60 Actual Force or Weight/Person
62-64 Estimated Force/Person
71-73 AFSC Line No.

75~-77 Percent Participation

79 Frequency

80 Number of People Performing
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IIT PHASE TI: STRENGTH/STAMINA APTITUDE TESTS

Phase II was concerned with the evaluation of an airman's capacity

to safely perform physical work. Two primary efforts were undertaken
during this phase of the research project. First, a method of quan-
tifying current AFSC job demands had to be developed. This was
accomplished through the development of a series of generic manual
materials handling activities called simulated tasks. The second
effort was to develop a strength/stamina aptitude test battery that
would predict performance on the simulated tasks and consequently
could be used to predict success of an airman's ability to safely per-
fora the physical work required by a specific AFSC.

A. DEVELOPMENT OF SIMULATED TASKS

As expected, manual material handling activities accounted for most

of the demanding activities identified by Phase I. These activities
were subcategorized for performance measures into simulated tasks that
were common across AFSCs. Four basic subcategories were used: 1lift,
carry, hold/position and push/pull.

Selection of these simulated tasks were based on the data collected
during the first year of field interviews. Since these interviews
covered the majority of the most demanding AFSCs, it was felt the
collected data were representative of the type of tasks found in all
AFSCs regardless of demand level. Interviews were coatinued, of course,
in remaining AFSCs to establish the physical demands for each AFSC
since these data were needed for determining the final selection cri-
teria. Oace the simulated tasks were established as stown in Figures
13 through 16, the appropriate identification code was noted during an
interview instead of postur:z and descriptive information. Analysis of
the data files for the first year interviews revealed that only 6% of
the Air Force tasks could not be adequately described by one of the
established simulated tasks. 1In this case, posture/ descriptive notes
were taken and an "*" placed in simulated tasks column to flag the
special nature of that task). The previously recorded data on posture
and task description were used to assign appropriate simulated task
codes to interview data already collected.

From the data gathered during the first year of field interviews,
frequency distributions were determined for all simulated tasks asso-
ciated with the AFSC's interviewed. Based on the frequency distribu-
tions, the original set of 28 simulated tasks was reduced to a subset
of 13 simulated tasks that accounted for approximately 90Z of the
tasltis identified in the first year data base. No simulated task was
eliminated from consideration for the final field validation unless 1t
accounted for less than 2% of the simulated tasks in the data file
from the first year interviews.
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LIFT F-WB LIFT TOOL BOX F-WB LIFT TOOL BOX F-WB
LG. OBJECT W/HANDLES 1~ HAND

LIFT OBLONG OBJECT LIFT REGULAR BOX F-K

F-PALLET

b
L8 lflLe

LIFT REGULAR NBJECT LIFT REGULAR OBJECT LIFT REGULAR OBJECT
F-WB Pl F-6" (F-R)

Figure 13. Simulated Tasks for Lift Activities
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P1 P2 “P3

Low Level Push at or 3elow Low Level Pull 2t or Balow Upper Lavel Push Above Waist
Waise Waist

PS P6

Jover Level Pull Above Waist Shoulder Push Back Push

P7 P8

Low Level Verzical Pull Over Head Vertical Zull

Figure 14. Simulated Tasks for Push/Pull Activities
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AP 1

Cc2

One-hand Tool Box
Carry

C4

Two-fand Tromc Carry Shoulder Carry (Wizh Hands) "Sxckpack” Carty (Hands Frse)

Cé

Figure 15. Simulated Tasks for Carry Activities
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E/P SEOULDER LEVEL

Figure 16. Simulated Tasks for Hold Activities
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Performance data in terms of maximum acceptable strength or

endurance were obtained for incumbents on a subset of these simulated
tasks. Selection of this subset was based on the results of a pilot
study, conducted at TTU using students (Smith and Ayoub, 1982). The
simulated tasks used for incumbent testing consisted of five lifting
tasks, two hold/position tasks, three push/pull tasks, and three
carry tasks. The general procedures used when conducting the incum—
bent testing using these simualted tasks is described below.

Each subject based on a psychophysical method selected his own
maximum acceptable weight of load for each of the simulated tasks.
Each of the simulated tasks for lift/lower and/or hold/position
required that the subject 1lift a box to a certain height or lift and
hold a box at a fixed position. For the lifting tasks the subject was
asked to accomplish a completed lift only once. During the hold posi-
tion tasks, the box was held in position the entire time required by
the examiner in order for the task to be considered complete. Each
subject was asked to work as hard as he could without becoming unu-
sually tired, weakened, overheated, out of breath, or straining him—
self in accordance with the accepted psychophysical methods reported
by Ayoub, et al. (1978).

Only the subject could adjust the workload; if he felt that he

could work harder without straining himself, he added more weight to the
box or removed weight if he felt the load was too heavy. As many

ad justments as needed were accomplished by adding and removing

assorted lead weights from the box. When the subject indicated that

he had reached his capacity, he then completed a single lift. The box
and weights were weighed on a standard scale and the weight recorded.
Assorted lead weights were not marked individuelly as to their heavi-
nes. and the box was not weighed until the subject had left the task
area.

The only lifting instructions given to the subjects specified grip
position on certain simulated tasks. No specific method of lifting was
suggested for the simulated tasks. Previous research in the field of
manual materials handling has shown "free style” lifting to be more
appropriate than a structured lifting style.

For the hold/position tasks, each subject chose his weight as he
did for the lifting tasks as well as his own manner of 1lift. If the
subject could not hold the load for the full time required, he was asked

to rest and readjust the load to a weight he could maintain in position
the full time required.

For the Push/Pull tasks, subjects were asked to exert their maximum
Push or Pull effort and sustain it for three seconds. Each subject was
asked if he felt that was his maximum, if the answer was negative, the

test was repeated. Since these tasks involved no manipulation of load
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weights; simply an applied force to stationary object, the subjects had
no adjustments to make.

The Carry tasks were similar to the Lift/Lower tasks in that the
subjects were asked to adjust the lead weight load until their maximum
was reached. The Carry tasks differed because in addition to lifting a
weighted box, the subjects carried it for fifteen feet to complete the
task. If the subject was unable to carry the weighted box the required
distance, he was asked to readjust the weights until the maximum amount
was reached which could be carried the distance.

Illustrations and descriptions of these simulated tasks are given
in Figures 17 through 29.

B. DEVELOPMENT OF CANDIDATES TESTS

A variety of candidate tests involving strength and/or endurance
components were initially considered as potential tests for strength/
stanina. Table 13 shows a summary of these tests. In order to
conduct a meaningful analysis of potential candidate tests an initial
screening procedure was used to reduce the number of feasible tests.
The following criteria were used in the initial screening to exclude
potential candidate tests from further consideration:

(1) Test required sophisticated equipment and/or extensive
training in testing procedures and analysis of results. This elimi-
nated those tests requiring oxygen consumption analysis such as maxi-
mum aerobic capacity, and many static and dynamic strength tests.

(2) Test exceeded space or time constraints of a typical AFEES
(MEPS) screening procedure. This eliminated many of the running type
fitness tests such as sprints, shuttle runs, dodge rTuns and distance
runs.

(3) Test was of questionable safety. Eliminated from con-
sideration due to safety factors were tests involving the handling of
free weights (potential for dropping) and tests suspected to be hazar-
dous such as back strength tests.

(4) Test was of questionable reliability or validity. Many fit-
ness type tests involving the subject's body weight such as pull-ups,
rope climbing, push-ups were not considered because of the lack of
consistency of test load. Other tests such as medicine ball put,
softball throw, vertical jump, broad jump, sit-ups, squat thrust, leg
raises, etc. were excluded because they lacked a recognized and valid
relationship between the tests and the simulated manual materials
handling tasks previously idertified.

62

< e e arc——



Figure 17.

Lift to Knuckle Level (L6): The subject lifted

a box (17.5" x 11.5" x 9.75") from the floor to
knuckle height. The subject wae instructed to
pick up the box and stand erect with arms 2xtended
straight down, holding the loaded box against

his lower body.
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Figure 18.

Lift to Workbench Level (L7):
required to lift a box (17.5"

from the floor to workbench height (30" above
the floor).

The subject was
x 11.5" x 9.75")
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Figure 19.

One-Hand Tool Box Lift to Workbench Level (L2):
The subject was required to perform a one-handed
1ift. The box measured 24" x 12" x 11.75" and
was fitted with a piece of pipe running the 24"
length of the box at a height of 19" from the
bottom of the box. This task simulated the
1ifting of a tool box to workbench height (30"
from the floor).
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Figure

TR Ay R TSR B

Lift to Shoulder Level (L8): Each subject lifted
a box (17.5" x 11.5" x 9.75") from the floor and
placed it on a shelf located at the subject's
shoulder height.
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Figure 21.

Lift to Reach Level (L9): Each subject lifted

a box from the floor to a height of 70" and
placed it on a shelf. The box used in this task
measured 16" x 10" x 9.5" and again was not
equipped with handles but did have runners along
the bottom of the box to aid the subject in
gripping the box.
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Figure 22.

Hold/Position at Shoulder Level (H3): The subject
was asked to hold a box (17.5" x 11.5" x 9.75")

in position at shoulder height for five seconds.

A safety chain was provided in case the subject
dropped the load.
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Figure

Hold/Position at Reach Level (8B4): The subject
was asked to hold a box (17.5" x 11.5" x 9.75")
overhead, approximately 6' above the floor for

5 seconds. A safety chain was provided in case
the subject dropped the load.
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Figure 24. Waist Level Push (Pl): Each subject was instructed
to grasp the rod with an overhand grip and push
into the waist high rod with the maximum possible
force and sustain this effort for 3 seconds.
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Figure 25. Waist Level Pull (P2): Each subject was instructed
to grasp the waist height rod and pull with the

maximum possible for for 3 seconds.
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Figure 26. Shoulder Level Push (P3):
instructed to grasp the sho

push with the maximum possi
seconds.

Each subject wag
ulder height rod and
ble force for 3
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Figure 27.

IVERSIEY -
ety

z.

One~Hand Tool Box Carry (C2): Each subject lifted
a tool box measuring 24" x 12" x 11.75" with one
hand and carried the box at his side a distance
of 15 feet. This task simulated the lifting and
carrying of a tool box in the workplace setting.
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Figure 28.

Two-Hand Side Carrty (

a box
and ca

¢c3): Each subject 1ifted
) without handles

£17.5" x 11.5" x 9.75"
e of 15 feet.

rried it at his gide a distanc
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Figure 29. Two-Hand Front Carry (C4): Each subject lifted
a box (17.5" x 11.5" x 9.75") without handles
and carried it positioned at his front a distance
of 15 feet.
o
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The next step in the selection of candidate strength/stamina tests was
to evaluate the tests in the ergonomics labtoratories at Texas Tech
University. Some of the initial evaluation was discussed by Smith and
Ayoub (1982) in the firal report of the interim modification of the
X-factor test. Among the equipment availlable for evaluation was a
modified incremental weight machine similar to those currently in use
at the AFEES (MEPS). The modified weight machine had a range of move-
ment from one foot above the floor to seven feet above the flocr. The
modifiel weight machine utilized 10 pound load increments over a range
of 40 to 200 pounds. Other equipment evaluated in conjunction with
the candidate tests were a load cell and digital readout, and a hand
dynamometer.

A laboratory study was conducted at Texas Tech University to obtain
comparison data between the simulated tasks and the potential
strength/stamina tests. Seventy students (age 18-21) served as
research subjects for the development and testing of the proposed
simulated tasks and candidate strength/stamina tests. The following
candidate tests were evaluated on the modified incremental weight
machine by the student subject population:

1. 1incremental weight 1ift to 6 feet,

2, incremental weight 1ift to shoulder height,

3. incremental weight 11ft to waist height,

4. 1incremental weight 11ft to knuckle height,

5. 70 pound elbow height hold time,

6. 70 pound shoulder height hold time,

7. 70 pound six foot height hold time,

8. 70 pound repeated 1ift to 6 feet,

9. repetition test using 10 pounds less than the maximum 6 foot
incremental 1ift weight.

The number of candidate tests on the incremental weight machine

was reduced by statistical analysis which examined correlation coef-
ficients of variables as well as the order in which the variables
entered the regression equations for predicting simulated task perfor—
mance. Based on these results the following candidate tests for the
incremental weight machine were selected for field testing:

1. an incremental 1lift to six feet to establish a maximum, X1,

2. an incremental 1lift to elbow height, X2,
3. & 70 pound hold at elbow height, X3,
4. an incremental 1ift to knuckle height, X7.

In addition to the lifting and holding tasks, three push/pull
tasks were selected for incumbent testing, along with a grip strength
test. The additional candidate tests were:
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5. a one handed pull, X11,

6. hand grip strength, X8,

7. a 38 cm vertical pull, X9, and

8. an elbow height vertical pull, X10.

The handgrip strength, 38 cm vertical pull and elbow height vertical

pull were selected because they are tests being evaluated by the Army
and Navy and could provide a good comparison to the Army or Navy data
should they decide to use those candidate tests. The tests were also
representative of the push/pull simulated tasks described earlier.

The first three tests have been administered at Basic Military
Training at the request of AFAMRL thus provided comparison data.

All strength testing was self-limiting, with the subject determining

the maximum amount of weight that could be lifted, or the maximum
duration of holding a weight. The subject was asked to perform at a
level that would be considerzd his or her maximum acceptable level of
physical exertion in any Air Force job. Subjects were told to stop the
experiment at any time if they felt over-stressed. No information
regarding performance was made available to the subject. During perfor-
mance of the tests the subject was isolated from other subjects in an
attempt to eliminate competition and other external influences.

Illustrations and descriptions of the candidate tests are given in
Figures 30 through 37.

C. INCUMBENT SAMPLING PLAN

A sampling plan was developed to test incumbents basad on their

AFSC. The objective was to emphasize Factor X-1 and X-2 AFSCs.
Consideration was also given to obtaining AFSCs representative of the
different AF commands, weapons or aircraft systems, etc. It was
recognized, however, that this could not be an inflexible plan. Base
coordinators had to be given the option of making substitutions to
prevent any disruption of primary base functions.

The original sampling plan w.s also modified by the selection of
retest subjects. These were individuals who participated in strength
testing during basic military training at Lackland AFB. (they were
given one of two tests: ability to lift 70 1b to 6 ft. or holding
endurance for 70 1b. at elbow height). The CBPO centact was given the
names and AFSCs of these individuals and requested to try to schedule
them first. Since the availability of these individuals was unknown,
the AFSCs originally selected for that base were divided into two
priorities. First priority was given to AFSCs unique to that base.
Second priority was given to AFSCs that were more common across bases.
After scheduling the retest subjects, the base contact was to obtain
additional subjects by AFSC priority. If additional subjects were
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Figure 30.

Lift to Six Feet (X1): Subject lifting a weight
to a heisrt ~f 6' using the modified Air Force

Liftin- nine.
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Figure

31.

Elbow Height Lift (X2): Subject holding a weight
at elbow helght using the Modified Air Force
Lifting Machine.
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Figure 32.
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70 1b. Elbow Height Lift/Hold (X3): Subject
holding a weight (70 1bs.) at elbow height
using the Modified Air Force Lifting Machine.
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Figure 33. Knuckle Height Lift (X7): Subject lifting a
weight to knuckle height using the Modified Air

Force Lifting Machine.
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Figure 34. Hand Grip Dynamometer (X8): The subject was
asked to hold the hand grip dynamometer in his
dominant hand (right or left handed) and squeeze
as hard as he could. The dynamometer was
positioned to prevent the subject from observing
the reading resulting from his efforts.
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Figure 35.

38 cm Vertical Lift (X9): The subject was asked
to grasp the double handle rod with an alternate
over and underhand grip and pull vertically with
the maximum possible force for 3 seconds.
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Figure 36.

e A‘—‘!'-"x_‘.dh e S .

One-Hand Pull (X11): The subject was instructed
to place his 1eft hand flat on the push board and
to grasp the handle with his right hand, and pull
the handle horizontzally toward him with the max-
{mum possible force (for 3 seconds) while pushing
for leverage simultaneously with the left hand.
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Figure 37. Elbow Height Lift (X10): The subject was instructed
to grasp the U-shaped rod handles, adjusted to elbow

height, and pull vertically with the maximum possible
force for 3 seconds.
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still needed, he was to use the ten most populated AFSCs ia the AT
(702x0, 811x0, 431x2, 431xl, 645x0, 462x0, 811x2, 425x2, and 902x0) or
any other AFSC necessary to obtain the desirad number of subjects for
each test period.

The incumbent testing schedule was designed to have four periods con-
sisting of two half days. Since Monday morning was used for equipment
set-up and calibration, the first period consisted of Monday afternoon
and Tuesday moraing; the second period was Tuesday afternoon and
Wednesday morning; etc. Tt was originally estimated that 20 indivi-
duals could be tested in each period. To allow for medical disquali-
fications and voluntary dropouts, the CBPO contact was requested to
schedule 25 people for each testing period.

Thus with visiting nine bases, there was a potential of testing 720
incumbents. The actual number of incumbents who completed the testing
was 527 (a few did not return for the second day). The number
actually tested was lower than originally estimated for several
reasons. The number of individuals excused for medical reasons was
slightly larger than expected as was the number who decided not to
voluntarily participate. Tn addition, due to alerts or other base
situations, the CBPO contact was not always able to schedule 25 in
every period or individuals could not keep their appointment. A sum~
mary is given in Table 14 of the number of incumbents tested by AFSC.
A total of 157 AFSCs (plus shredouts) or 427 of 374 possible were
included. A summary of the number of incumbents and AFSCs covered
willhia eacit Cutfeut Z-Factor groups is shown in Iabvie 15. The incum-
bents tested represented 58% and 467% of available Factor X-1 and X-2
AFSCs, respectively.

D. BASE TRIPS FOR INCUMBENT TESTING

In selecting the bases to be visited for incumbent testing, con-
sideration was given to the type of command and the variety of AFSCs
available to obtain a saample representative of the AF. For example,
SAC bases were chosen to obtain AFSC's emphasizing missles and
buombers. Among bases with similar missions, physical location was
used as a selection criterion to minimize costs. The bases selected
and dates visited are given in Table 16. The location of the bases
and the trip route are illustrated in Figure 38.

Official coordination with the bases was handled by the designated
official from the program technical monitors office (AFAMRL) in a
fashlon similar to that used for the interview trips. A contact per-
son at each base CBPO was identified in this procedure. A liason
individual from the TTU team then worked with each base contact to
supply them lists of requested AFSCs and retest personnel and to coor-
dinate the details of the base visits. Due to equipment cor straints,
it was necessary to obtain a room at least 30' square with a 9'
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TABLE 14

SUMMARY BY AFSC OF INCUMBENTS TESTED

?
AFSC AFSC AFSC AFSC
A B C A B C A B C A B C
111x0 | 2 1] 326x6c | &|1]2 445x0g | 3 1| 811lxz |1 1
112x0 | 1 1]326%7 4|12 461x0 |71 4] 2| 8llx2a 3 1
114x0 | 8| 5] 1| 326x7b 1 2| 462x0 | 13312 821x0 |1 2
Y 121x0 | 3 1| 326x7c | & 2] 463x0 |1 2| 871x0x | 3 2
122x0 | 3 11326x8 [3]|1]2 464%0 | 5 71 902x0x ! 4]2]|2
201x0 | 1] 1]3 326x8c | 5 2| 472x1all 2| 902x0a | 3 2
222x0 | 3 1132820 |6|3]|2 902x0c | &4 2
231x0 | 2 21328x1 {3]|1}]2 472x2 |2 219022 |5]1]2
242x0 | 2 21328x3 |3|1]1 472x3 |1 21 902x2b |1 2
* 251x0 | 2 2] 328x4 |1 2| 542x0 | 6 21903x0 |3 2
272x0 | 2| 1| 3! 341x3 1 2| 542x1 | &4 1]905x0 (4]1]2
273x0 | 2 2| 341x4 | % 2| 542%2 | &4 21906x0 |3]2]|3
291x0 | 7| 3| 2| 341x6 2 2| 545x0 | 8 1]907x0 |5 2
293x3 | 2 21361zl |5 1| 545x1 |1 219080 |3 :
302x0 | 2 21 362x3 | 2 2| 545x2 | & 11911x0 |1 2
x 302x1 | 1 2| 362x4 | 4 1|551x0 |3 11913x0 |2 2
304x1 | 2 21392x0 |1 21551x1 |2 1| 914x1 |2 2
304x4 | 5 21 404xt | 31312 552x0 | 5 1]915x0 |3 2
304x5 | 1 214230 1|3 2| 552x1 |3 1169180 | & 2
305x4 | 1 21 423x1 |6(3|2 552x4 | 2 z1581x0 (213
305x4g 1| 1| 2 423x2 |2 1] 552x5 |7 2
§ 306x0 | 4 21423x3 |6|1]2 553x0 | 3 2
306x1 | 3 9| 423x6 | 6] 2] 2] 556x0 1 2
306x2 | 3 2|423%x5 |5|1]|2 se6x1 | S5|1]2
307x0 | 1 2| 426%2 [6]|2]2 571x0 | 5 1
316x0 | 3 2| 426x3 |3 2|602xt |2 2
316x0g 5| 1|1 427x0 |1 2|603x0 |4|1]2
[ 316xlg 1 1| 427x1 |5 2|605x0 |1 2
316x2g 2 1]427x3 |1 2| 605x1 | & 2
316x3 | 1| 1] 2] 427%5 9(3|2]622x0 |2 3
321x01 1 1| 431x0c | 2 1|622x1 |1 3
321xlg 2 1| 431x0d | 6 1]/631x0 | 8111
321x2 |1 21431x1 | 1041 6450 [9]2]3
s 321x2¢ 1 2| 431x1b| 3 1| 645x0a| 1|13
324x0 | 1 2| 431xlc | 1 1| 645x1 | 5 2
325x0 | 2 2 | 431x2 | 16 1]/691x0 | 1| 1{3
325x1 | 4| 1] 2| 413x2a 2 1]702%0a|{ 3|13
326x3 | 3 2| 431x2bp| 1] 1] 1] 702x > 8|63
326x3Y 2 2{431x2c| 7| 1|1 702x0c | 1 3
Y 326x4 | 1 21431x2d4| 1|11 732x0 | 7|13
326x4ﬂ 1 21 431x2e| 4| 2|1 732x1 |1 3
32€x4Y 2 9| 431x2g| 1] 1|1} 7331 3 2
326x4d 6| 2| 2| 431x2z (1 1]753x0 |7 3
326x5Y 2 2| 443x0 |1 21 791x0 | 4 2
326x6 | 3 2| 443x0g | & 1| 791x1 |1 2
i 326x6q 2| 2] 2] 443x0p |2 2|811x0 |1U1]1 B |
- .
i A = # of airmen tested B = # of airmen also tested by AF

¢ = X factor
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TABLE 15

SUMMARY BY X-FACTOR OF INCUMBENTS AND AFSCs TESTED

Number of Incumbents Tested

m 1T

Total Incumbents Tested

i

T oo o A
reiceil. v

Number of AFSCs/ Shredouts Tested
Number of AFSCs/Shredouts in AF*

Percent of AFSCs/Shred Tested

42

72

58

X-Factor

307

100
218

46

* From AFR 39-1 (C9) Atch 55, dated 20 April 1981

49

>

15
84

18

Total

527

[y
[~
[=]

157
374

N/A




TABLE 16

BASES VISITED FOR INCUMBENT TESTING

| Trip Dates Base/Location MATCOM
0 Reese AFB
1 March 1-5,82' Dyess AFB SAC
Abilene, TX
2 March 22-26,82' Little Rock AFB SAC
Little Rock, AR
3  March 29 Scott AFB MAC/
Aprii 2, 82! Relleville, IL AFCC
4  April 5-9, 82' Wright-Patterson AFB AFLC
Dayton, OH
]
5 April 19-23, 82' F.E. Warren AFB SAC
Cheyepne, WY
6 April 26-3C, 82' Hill AFB AFLC/
Ogden, UT TAC
]
7 May 10-14, 82 Travis AFB MAC
Fairfield, CA
8 May 17-21, 82' Nellis AFB TAC
Las Vegas, NV
)
9 May 24-28, 82' Cannon AFB TAC
Clovis, NM
)
93
3

¥



R e e e Al ittt v

SITSTA UOTIBPFIBA o8Rg 103 2IN0y ubp -g¢ 2ian8yg




ceiling to use for testing. In addition, an attached or adjoining
area was needed where subjects could wait between testing cycles.

This created a "challenge” on some bases where space was at a premium,
but the CBPO personnel were always able to arrange adaquate accommoda-
tions for the testing.

Travel to the AF bases for collection of incumbent data was made

in a specialty outfitted van dedicated to this purpose. Rear seats

yere renoved and a winch installed for use in loading the lifting

rachine. The vehicle was also fitted with overload springs to handle

the test equipment and associated weights. Once the van left Texas,

it did not return until the end of the test period. Base officials at
F.E. Warren and Travis AFB very kindly arranged for the van with its
equipment to be stored on base during break periods for the test personnel.

The test team consisted of four people. One individual, a paramedic,
was always a team member. The remalning positions were filled by ten

people who collected data at one to seven of the bases.
E. SURIJECT TESTING PROCEDURE

Upon arrival at a scheduled Air Force Base, the Van Team Leader
immediately met with the CBPO contact to get information as to testing
facilities, subject lists/scheduling problems, etc.

The van was unloaded at the designated base testing facility and the
strength testing equipment was set up. The van team arrived at a new
base on a Monday morning and spent that morning setting up the testing
stations. The first group of subjects were scheduled to begin testing
at 1300 Monday afternoon. Each group was tested for two periods,
Period I was 1300 - 1700 and Period II took place the fcllowing 0800 -
1200. This split testing schedule allowed Mondcy morning to be uti-
lized for equipment unloading and setup and Friday afternoon for
equipment disassembly, relcading and packing the van. There were four
groups of subjects tested on each based scheduled as follows:

Group I: Monday 1300-1700 & Tuesday 0800-1Z00
Group II: Tuesday 1300-1700 & Wednesday 0800-1200
Group III: Wednesday 1300-1700 & Thursday 0800-1200
Group IV: Thursday 1300-1700 & Friday 0800-1200

The CBPO contact was responsible for the scheduling of individual
subjects at that base and usually supplied the van team leader with a
roster of subjects for the four groups scheduled for the entire wee! .

The strength aptitude test equipment was set up in a reom supplied

by the CBPO contact. Because the size and shape of these rooms varied
considerably from base to base, the equipment configuration was s1so
varied to match the restriction imposed by the room itself.
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Each equipment "station™ was screened by curtains to provide privacy
and prevent subjects frow observing each other's performance while
being tested. The subject waiting area was usually located to prevent
"spectator” observations of subjects being tested. At one base they
were able to see people carrying boxes but not the weight involved.

The orientation of the testing groups took place at the testing site,
subject waiting area at 1300 each day (Monday thru Thursday).

Sub jects were requested to appear by the CBPO contact through their
First Sergeants. After a reasonable period of time (usually in 30
mintues afte: aippointed assembly time one of the team researchers con-
ducted a roll call. Missing subjects were noted and listed as "no
shows”. Present subjects were given a sen and information/consent/
medical history forms for the orieuntation session.

The orientation session consisted of a tape recording which verbally
presented the same material/information contained in the consent form
packet which each gubject had. Duriug the course of the session sub~-
jects were requested to fill out and sign the medical histories and
consent forms. (See Appendix E) These forms were counter signed by
other subjects who served as witnesses for each other. The subjects
were given the opportunity to ask questions and were occasionly given
a brief "tour” of the testing stations prior to signing the consent
forums and consenting to volunteer as test subjects. Finally, all
volunteer subjects were assigned a code number and given a badge
bearing that code number to wear during testing. Testers recorded
test data on the data record sheets according to this code number.
The subject code consisted of four colors (red, blue, green & yellow)
with five subjects (maximum) in each color group. ie, red 1 thourgh
red 5, blue 1 through blue 5, green 1 through green 5, yellow 1
through yellow 5. This coding system allowed a maximum of twenty sub-
jects per testing group.

The subject coding system had another purpose beyond data recording as
it allowed the testers to efficiently rotate all subjects through
their stationa without duplicating or forgetting individual subjects.
This was accomplished by each station (four total stations) testing
only subjects i{n a single color group and sequencing order. Each of
the four stations tested only subjects from a different color code
group. ie. pugh/pull station tested red group subjects, shelf station
test only blue code subjects, weight machine station tested only green
group subjects and the carry station tested ounly yellow group subjects.

At the end of the first testing period (usually 20 minutes), when

all subiects in all color groups had been tested at their respective
station, the te.“ers rotated to the next color group and begin testing
those subjects for the second testing period, i.e., the push/pull sta-
tion tested only blue group subjects, the shelf station tested green
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group subjects, the weight machine station tested yellow group sub-
jects and the carry station tests red group subjects.

To insure that each subject received a minimum of 15 minutes resting
time between physical strength tests one of the testers kept track of
the times between testing color group subjects and spaced the time
between test periods to maintain that resting period standard.

There were four "stations” setup at the base, each manned by a dif-
ferent team member. Five or six different tests were made at each
station. Table 17 shows the measurements made at each station. In
addition to the simulated tasks and candidate tests previously
described, selected anthropometric measurements were also made. These
are illustrated in Figure 39.

At the end of each day, known weights of 65 and 150 1lbs were used

to check the calibration of the scales. Four successive readings of
each weight were made on each scale. The four readings were averaged
and used to correct the incumbent data for scale drift.

F. ANALYSIS OF INCUMBENT TEST DATA

A team member being rotated back to Texas Tech, brought the data

with him at the end of each week of testing. The data were then
entered into computerized files as quickly as possible so preliminary
analyses could be conducted. The data were placed into one of three
files as appropriate for anthropometry, simulated tasks, or candidates
tests. Their respective file structures are shown in Tables 18
through 20, each followed by an sample of a data printout (Figures 40
through 42).

The data file was analyzed by the Statistical Analysis System (SAS
version 79.6). A summary of the incumbent anthropometric data is pre-
sented in Table 21.

A series of eight candidate tests for the strength aptitude test
battery were conducted with the Air Force incumbents during the van
visits to the nine bases. A summary of the data for males and females
is presented in Table 22. A summary of the composite data including
all males and female incumbents tested is presented in Table 23.

The incumbents also established their maximum level of performance
on a series of thirteen simulated tasks during the van trips. Table
24 summarizes the performance data on the simulated tasks for both
males and females. A composite summary of simulated task performance
including all males and females tested is presented in Table 25.

The data file was analyzed by the Statistical Analysis Systems
(SAS version 79.6). 1In considering the 13 simulated task variables as
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TABLE 17

CONFIGURATION OF INCUMBENT TESTING STATIONS

Weight Machine Station

Incremental 6' 1lift
Elbow height lift

70 1b Elbow hold
Knuckle height 1lift
Hand grip dynamometer
Anthropometry

Carry Station

One hand tool box carry
Two hand front carry
Two hand side carry

One hand tool box 1lift
Lift to workbench level

98

Push/Pull Station

Waist level push
Waist level pull
Shoulder level push
38 an Vertical lift
Elbow height 1ift
One hand pull

Shelf Station

Shoulder level hold
Reach level hold

Lift to knuckle level
Lift to shoulders level
Lift to reach level




Definicion:
L
i
g
i. WEIGHT
1

.
Definition

’

)
Figure 39. Anthr

»

STATURE

The vertical distance from the stand-
ing surface to the top of the head.
The subject stands erect and looks
straight ahead.

SITTING HEIGHT

The vertical distance from the sit-
ting surface to the top of the head.
The subject sits erect, looking
straight ahead.

THMB-:iP REACH

: The horizoutal distance from
the wall to the tip of the
thumb, maasured with the sub-
ject's back against the wall,
his arm extended forward, and
his index finger touching the
tip of his thumb.

opometric Measurements
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TABLE 18

STRUCTURE OF CANDIDATE TEST DATA FILE

Field Content
1-3 Subject Number
5-6 Base Number
8 Sex
10 Retest Identifier
12-18 AFSC
* 19-21 Maximum Six Foot Lift
$£3~25 Maximum Elbow Height Lift
27-31 70 1b Elbow Hold
33-35 Maximum Knuckle Height Lift
37-39 hand Grip Strength
41-43 38 am Vertical Lift
45-47 Elbow Height Lift
49-51 One Hand Pull
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132
131
132
133
134
135
136
137
132
139
140
141
142
143
144
145
146
147
142
149
150
151
152
153
156
155
155
157
158
159
169
161
162
163
164
165
166
167
158
1&9
179
171

2 M1 329x1 117
02 M 0 306X2 130
12 M A 631X 100
32 11 114Xd 120
02 M 0 114X0 129
33 M 3 13331 1290
72 ¥ 0 304x1 120
33 M N 336XD Q9
I3 M 352Xs6 192
13 M J 362X4 120
I M0 242X 120
33 4 0 75350 129
07 % 9 39346X0 150
22 F Q 392XD

33 F 3 231X 69
71 F 1

23 M ) 73230 132
0N M D 306X1 110
33 M 9 311524 129
N3 ¥ 0 329X3 150
03 M 0 43152 110
23 M 0 375CA4S13)
03 M 0 425632 149
73 M 9 9792xM 120
713 M7 53231 1M
a2 M ) A0251 110
23 %0 3TXD 1M
02 M 0 992xnC 193
03 4 0 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>