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PREFACE

This report documents results of RAND Arroyo Center research on
the linkage between the aptitude of enlisted personnel and their abil-
ity to operate and troubleshoot tactical communications systems. The
purpose of the research was to improve the ability of the Army to set
appropriate performance standards and to estimate the effects of per-
sonnel quality levels on Army operational performance. This study
was one of several research efforts on soldier performance conducted
by RAND and the U.S. Army Research Institute. The results should
be of interest to manpower analysts in the Army, the Office of the
Secretary of Defense, and the other services, as well as to policy ana-
lysts interested in the relationship between the aptitude of military
enlisted personnel and their performance on combat-related tasks.

THE ARROYO CENTER

The Arroyo Center is the U.S. Army's federally funded research and
development center (FFRDC) for studies and analysis operated by
RAND. The Arroyo Center provides the Army with objective, inde-
pendent analytic research on major policy and management concerns,
emphasizing mid- and long-term problems. Its research is carried out
in four programs: Strategy and Doctrine, Force Development and
Technology, Military Logistics, and Manpower and Training.

Army Regulation 5-21 contains basic policy for the conduct of the
Arroyo Center. The Army provides continuing guidance and over-
sight through the Arroyo Center Policy Committee (ACPC), which is
co-chaired by the Vice Chief of Staff and by the Assistant Secretary
for Research, Development, and Acquisition. Arroyo Center work is
performed under contract MDA903-91-C-0006.

The Arroyo Center is housed in RAND's Army Research Division.
RAND is a private, nonprofit institution that conducts analytic re-
search on a wide range of public policy matters affecting the nation's
security and welfare.
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Lynn E. Davis is Vice President for the Army Research Division and
Director of the Arroyo Center. Those interested in further informa-
tion about the Arroyo Center should contact her office directly:

Lynn E. Davis
RAND
1700 Main Street
P.O. Box 2138
Santa Monica CA 90407-2138



SUMMARY

BACKGROUND AND OBJECTIVE

The modern Army's battlefield operations depend to a great extent on
the rapid availability of communications. During combat, comnmuni-
cation among dispersed units is made possible by communications op-
erators in mobile Army signal centers, which typically represent
"nodes" in a network handling multichannel signals. This report de-
scribes RAND research to assess the performance of signal operators
and to link that performance to personnel aptitude, as measured by
scores on the Armed Forces Qualification Test (AFQT), the Defense
Department's test of general aptitude.'

This study was one of several research efforts sponsored by the U.S.
Army to develop quantitative analyses based on objective measure-
ment of soldier and unit performance. The primary purposes of these
research efforts were to improve the Army's ability to set appropriate
performance standards and to develop quantitative estimates of the
link between personnel aptitude and Army operational performance.

This research examined duty tasks performed by military occupa-
tional specialty (MOS) 31M, Multichannel Communications Equip-
ment Operator, whose members operate communications systems
providing division- and corps-level command and control. A key
feature of this research was its examination of wartime-related tasks
using the facilities of a high-fidelity tactical communications simula-
tor to provide an objective and systematic test of performance. The
research examined two principal functions:

Communications system operation: the ability to establish an op-
erating communications network, a task that requires interaction
and teamwork among individuals at different communications fa-
cilities.

'AFQT scores, along with scores on other composite scales of occupational aptitude,
are derived from the Armed Services Vocational Aptitude Battery (ASVAB), the written
test used to screen military applicants. The AFQT measures general mental aptitude
as percentile scores from 1-99 normed on the U.S. youth population. AFQT categories
are in turn defined by AFQT scores as follows: category I, percentiles 93-99; category
II, 65-92; category IIIA, 50-64; category TuB, 31-49; category IV, 10-30. Category V
persons, percentiles 1-9, are excluded by law from military service.
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Communications system troubleshooting: the ability to isolate
faults in multichannel communications systems, also a task requir-
ing teamwork.

For both functions, we examined graduates of Advanced Individual
Training (AIT) at the Army Signal Center, Fort Gordon, Georgia. For
communications system operation, we also report results for soldiers
from active-duty Signal Corps units. The report covers two major sets
of analyses. The first set examined the performance of Signal Corps
operators in establishing and operating a functional communications
system. We examined the effect of different levels of AFQT scores on
the likelihood that a three-person group will successfully operate the
system. We also examined the performance of individual operators on
related tasks (those involved in preparing equipment for operation),
showing the extent to which proficiency depends on individual AFQT
score. The second set of analyses examined the performance of
groups of operators in isolating faults in malfunctioning communica-
tions systems. Taken together, these results imply that AFQT score
has a direct, consistent effect on the ability of communications per-
sonnel to provide effective battlefield communications to Army units.

COMMUNICATIONS SYSTEM OPERATION

Group Performance

We used the Reactive Electronic Equipment Simulator (REES)-a
high-fidelity, computer-controlled simulation facility-to obtain mea-
sures of a group's ability to install and operate a realistically config-
ured communications network, such as that connecting a division
command post to division artillery. Groups of three operators (two at
terminals and one in a relay position) were assigned to communica-
tions nodes in a controlled experiment to provide a realistic wartime
mix of aptitude levels and to allow us to analyze performance for
varying levels of group aptitude and experience. We examined the
performance of 240 such three-person groups, which were formed
from a set of 720 new graduates of the Signal Center's AIT course for
MOS 31M, Multichannel Communications Equipment Operator. We
also examined 84 three-person groups (252 31Ms) from active-duty
signal battalions. The tests were performed between September 1988
and April 1989.

We wanted to assess how group outcome (i.e., success or failure in
establishing a functioning system) was affected by various soldier
characteristics, such as aptitude, experience, and demographic and
educational background. To make this assessment, we used regres-
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sion models that allowed us to predict the effects of varying levels of
aggregate group aptitude (measured as the average AFQT score of the
group's members) while controlling for other differences.

The results of our analyses demonstrate that the average AFQT score
of a three-person group of operators is an important determinant of
group success in system operation when measures of demographic
background, education, and military experience are controlled. The
groups with lower average AFQT scores were significantly less likely
than those with higher average AFQT scores to establish a function-
ing communications system involving two terminals, one relay, and
two 12-channel systems. Some of our results fcr members of active-
duty signal battalions can be used to illustrate these differences.

The model predicts that for randomly selected groups of three soldiers
in which the average AFQT score is at the midpoint of category IIIA,
63 percent will successfully operate the system within the allotted
time. However, if group aptitude is reduced so that the average
AFQT score falls to the midpoint of category IIIB (and all other fac-
tors are held constant), the prediction is that only about 47 percent of
the groups will be successful. The model thus suggests that for
groups of soldiers performing the specified task, the effect of lowering
the average AFQT score from the midpoint of category IIIA to the
midpoint of category IIIB is to reduce the probability of successful
system operation by 16 percentage points.2

The results of our analyses further indicate that the aptitudes of all
group members contribute to the probability that the group will oper-
ate the system successfully. For example, we found out how the
probability of successful system operation relates to the number of
group members (out of three) whose scores fall within categories I
through IIIA.3 Our models suggest that as the number of group
members in categories I through IIIA increases, the group is more
likely to operate the system successfully. Each additional "high-scor-
ing" member improves the probability that the group will succeed by
about 8 percentage points.

2 For groups of three AIT graduates, the model predicts that the probability of suc-
cessful system operation for groups whose average AFQT score falls at the midpoint of
category IlIA will be 15 percentage points higher than that for groups whose average
AFQT score falls at the midpoint of category IIIB.

31ndividuals with scores in this range are commonly referred to as high-aptitude
personnel.
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Individual Operator Performance

For measures of the individual proficiency of terminal operators, we
drew on data collected in earlier RAND studies that permitted us to
examine the relationship between AFQT score and individual profi-
ciency. The initial objective of these earlier studies was to examine
the effectiveness of alternative training strategies at the Signal
Center, but they also provided the basis for subsequent analyses to
examine the effects of AFQT score on performance.

Our analyses showed that for a variety of tasks and equipment, per-
sonnel with higher AFQT scores are significantly more likely than
their lower-scoring counterparts to install their assemblages cor-
rectly. The first of these analyses involved 340 AIT students in MOS
31M who were tested in the REES facility. The results show that
higher-scoring operators are more likely to accomplish the initial
steps of the system operation task (preset and cabling of the AN/TRC-
145 terminal). Other analyses examined 336 trainees in MOS 31Q
(Tactical Satellite/Microwave Systems Operator), whose performance
was measured in hands-on tests administered by objective assessors
who were unaware of the soldiers' AFQT scores. Again, the results
show that the higher the AFQT score, the more likely the 31Q opera-
tor will be to successfully prepare the equipment for operation (i.e.,
perform alignments and adjustments of tropospheric scatter radios)
according to Army technical standards. Across these various tasks,
the models predict performance differences of approximately 5 to 8
percentage points by AFQT category. Thus, for instance, if individual
AFQT scores fall from the midpoint of category IIIA (close to current
levels) to the midpoint of category IIIB (through a reduction in acces-
sion standards, for example), we would expect the ability of operators
to successfully perform the three preset, alignment, and adjustment
tasks to decrease by 5 to 8 percentage points per task.

COMMUNICATIONS SYSTEM TROUBLESHOOTING

The final set of analyses examined the ability of groups to perform a
second major function: isolate faults that interfere with the proper
operation of a communications system. For this test, we used the
REES facility to introduce malfunctions in an operating system com-
posed of two terminals and two relays. The faults were selected so
that teamwork would be a significant factor in identifying the sources
of the problems and determining the appropriate corrective actions.
As in our test of system operation, groups of three AIT graduates
were formed and assigned to nodes to provide a range of group
aptitude. Each group of AIT graduates received six malfunctions to
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isolate.4 Altogether, the test involved 187 three-person groups, rep-
resenting 561 individuals.

The analyses used regression models to predict group success at iso-
lating faults given various levels of group aptitude and controlling for
differences in the experience and the demographic and educational
background of the group members. 5 The results show that as the av-
erage AFQT score of the group increases, so does group success at iso-
lating faults to the correct assemblage and component. For example,
the model predicts that 60 percent of randomly composed groups of
operators whose average AFQT score falls at the midpoint of category
IIIA will find two or more bugs (the median value). If the average
group AFQT score falls to the midpoint of category IIIB, however, the
same outcome is expected only 43 percent of the time. Thus, the de-
crease in performance predicted for a decline in average AFQT score
from the midpoint of category IIIA to the midpoint of category IIIB is
17 percentage points.

CONCLUSIONS

Our results provide considerable evidence that AFQT score has a
direct effect on the ability of signal operators to provide usable battle-
field communications to the Army. The effects of AFQT score on per-
formance are remarkable in several respects. They manifest them-
selves across a range of tasks and situations. We found the effects of
AFQT score to be statistically significant for group performance on
two different tasks-system operation and system troubleshooting-
and for individual proficiency on tasks involving very different kinds
of equipment and functions for two different operator MOSs (31M and
31Q). Moreover, for system operation, the AFQT score effects were
found to be similar for both AIT graduates and unit members, even
though the latter group has more experience.

Perhaps more important, we found evidence that AFQT score has a
sizable effect on group performance. In general, we observed that

4Each group received three troubleshooting trials of 10 minutes each with two
faults inserted per trial. The assignment of faults was counterbalanced: "bugs"
appeared in two different nodes per trial; over the course of the test, each examinee
received an equal number of bugs. The faults consisted of two malfunctions inserted in
a radio transmitter, three in a radio receiver, and one in a multiplexer. The symptoms
of the faults ranged from red alarm lights to incorrect meter readings to audible cues
(alarms or buzzers) that failed to sound. In all chree trials, a fault could be diagnosed
most quickly if team members cooperated with one another.

5Specifically, we used ordered polytomous logistic regression to predict the proba-
bility of finding some minimum number of bugs, e.g., one or more, two or more.
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groups that are on average "smarter" outperform other groups. The
analyses suggest that the effects are additive: each member con-
tributes to successful performance on communications tasks that re-
quire interaction and coordination among group members.

Together, these results indicate that a change in accession standards
that causes a shift in average AFQT category from IIIA (close to cur-
rent levels) to IIIB will substantially reduce the probability of opera-
tor success in operating and troubleshooting communications sys-
tems. The results are significant-reductions of 16 to 17 percentage
points in the probability of successful operation and troubleshooting-
and imply that a reduction in average AFQT levels would carry a
penalty in battlefield performance and readiness, an effect that
should be considered in making budget and resource allocation deci-
sions.
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1. INTRODUCTION

BACKGROUND AND OBJECTIVE

This report presents the results of research linking the aptitude of
soldiers to their ability to perform tasks important to success in com-
bat. The issue at the heart of the research is the relationship be-
tween enlistment standards and job performance. Historically, the
Department of Defense (DoD) and the military services have sought
to recruit the most talented individuals possible. A key criterion for
enlistment is "general aptitude," as measured by the Armed Forces
Qualification Test (AFQT), which is part of the Armed Services
Vocational Aptitude Battery (ASVAB), the qualifying examination for
admission to the military.

An above-average AFQT score and a high school diploma are the
characteristics of the "high-quality" recruit most desired by the mili-
tary.' But the appropriate quality levels for recruiting objectives and
the recruiting resources needed to meet those objectives have long
been issues of policy debate. The military naturally seeks to recruit
the most talented people by drawing primarily from the top half of the
aptitude distribution (categories I through I11A), and Congress has
established legislative minimum standards for "lower-quality" re-
cruits. Currently, no more than 20 percent of enlistees may have
scores in AFQT category IV.2 Congress and the services have often
disagreed, however, on what is an acceptable "mix" of higher- and
lower-quality enlistees, particularly as to what is an acceptable
balance between the percentage of enlistees falling in category I1IB
and the percentage falling in categories I through IIIA.

A key reason for interest in this issue is the cost of recruiting a
higher-quality force. Upon graduating from high school, the higher-
aptitude individuals sought by the services generally have attractive
postsecondary-education and employment options available to them,
so more resources are required to attract these individuals to military

1AFQT scores are represented as percentile scores normed on the U.S. youth popu-
lation. They are used to define five AFQT categories: I, percentiles 93-99; II, 65-92;
III, 31-64; IV, 10-30; V, 1-9. Category III is further subdivided into categories IIIA
(50-.64) and IhRB (31-49). The percentages of youths qualifying in each category (1980
reference population) are: I, 8 percent; 11, 28 percent; III, 34 percent; IV, 21 percent; V,
9 percent (Wigdor and Green, 1989).

2Applicants with AFQT scores in category V (1-9) are excluded by law from military
service.



2

service. The problem has been especially acute for the Army, which
recruits the largest number of new personnel each year and is often
still perceived as having predominantly low-skill jobs, despite the
infusion of considerable high-technology equipment in recent years.

In fact, defense budgets have incorporated special Army programs to
attract high-quality recruits since the beginning of the All-Volunteer
Force in 1973. During most of this period, the Army has maintained
substantial incentives for high-quality personnel, including special
educational benefits and cash bonuses, and has aimed its advertising
at high school graduates and college-bound youth. Such programs are
widely credited with helping to achieve a generally high level of qual-
ity across DoD throughout the 1980s.

However, the need for these costly recruiting resources has persis-
tently been questioned, given the scarcity of evidence linking high,-
quality personnel with improved combat performance and readiness.3

It seems likely that in the coming climate of defense-budget
constraints, policymakers will focus increasing attention on the ser-
vices' stated requirements for high-quality personnel and their asso-
ciated costs. Potential reductions in the size of U.S. military forces
could intensify this concern. Some will argue that in a smaller Army,
maintaining a flow of high-quality accessions should be easier, and
recruiting incentives may be less important given the current high
level of high-quality personnel already in the force. Counter-
arguments will surely be made. For example, some will assert that a
larger proportion of the personnel in a smaller Army should be high
quality in order to maintain a cadre for training a surge of new
personnel in a crisis or to keep a very ready, quick-response
contingency force capable of multiple missions. In such an Army,
soldiers could be asked to perform a wider variety of tasks, and there
will be less opportunity to practice those tasks because of constraints
on budgets and exercises.

These broad issues about the fuiture were beyond the scope of the cur-
rent study, but they illustrate the perennial importance of questions
about personnel quality. Underlying all such questions is the uncer-
tainty about the value of high-quality personnel: How much do they
contribute to an armed force's combat capability and readiness? To

3For example, in its report accompanying the FY 1988 military authorization bill,
the House Appropriations Committee directed DoD to develop new methods of linking
the educational background and aptitude of recruits to the ability of units to perform
their operational missions (Department of Defense, 1987). In response to this require-
ment, the U.S. Army Training and Doctrine Command (TRADOC) sponsored the pro-
gram of research that includes the study reported on here.
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address this uncertainty so that the Army's scarce resources for re-
cruiting and other purposes can be effectively used, analyses are
needed to establish the relationship between Army personnel quality
and performance.

Ideally, such analyses should link broad categories of resources (such
as personnel quality and training opportunity) to objective, quantified
assessments of individual and unit performance on wartime-related
tasks, Also in the ideal, such analyses should deal with tasks ger-
mane to unit combat capability across a range of Army functions or
operating systems. Thus far, however, the research has fallen short
of these ideals. Most analyses of personnel quality requirements have
been based on the minimum aptitude levels that individual recruits
need to pass initial skill training courses.4 Recently, the Army's long-
range job performance measurement project, Project A, has sought to
provide more definite connections between various recruit
characteristics and certain performance measures on specific critical
tasks. 5 However, this effort has focused more closely on individual
task performance than on broader outcomes relevant to combat
performance. The research has generally failed to link individual
aptitude to unit outcomes or to examine the unit performance of units
directly.

6

This report presents the results of RAND research intended to de-
velop improved data bases and analyses for such broad-based perfor-
mance assessment. Our objective was to produce empirically based,
quantitative estimates of the relationships between soldier aptitude
and the job performance of crews and small units. The research de-
scribed here was performed in the area of Army communications, one
of several different functional areas addressed by the overall research
effort.

7

4 TRADOC schools set minimum aptitude entry standards for their individual
training courses, and training standards are established in various TRADOC-published
soldier's manuals, ARTEP-MTPs (Army Training and Evaluation Programs and
Mission Training Plans), and related publications.

5 See, for example, Campbell (1990).
6 An exception is research finking the AFQT scores of tank crews to gunnery accu-

racy on test ranges (Scribner et al., 1986), which demonstrates significant improve-
ments in accuracy as the AFQT scores of the tank commanders and gunners increase.
Such an effect, however, has not yet been demeistrated for other military functions
and tasks.

7A related RAND study concerns the performance of air defense units (Orvis,
Childress, and Polich, 1991). Studies in other areas have been carried out by the U.S.
Army Research Institute (Graham, 1990a,b; Home, Reilly, and Schopper, 1990) and by
TRADOC schools and centers (e.g., Schopper, Johnson, and Burley, 1990; Silva, 1990).
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Army communications was selected as an area for research because of
its importance in battlefield command and control. During wartime,
the Signal Corps provides the infrastructure that permits communi-
cation between individuals and units on the battlefield. A large
number of enlisted personnel work, usually in teams, in the military
occupational specialties (MOSs) that operate and maintain
communications equipment. The equipment with which they work-
transmitters, receivers, switching equipment, and other electronic
gear-is among the more complicated equipment in the Army's
inventory. The aptitude of personnel working with this equipment
would be expected to affect individual performance and the
performance of communications teams, which in turn would affect the
ability of the units to communicate during combat.

However, the relationship between AFQT score and the performance
of communications personnel had been examined in only a few previ-
ous empirical studies. Two studies conducted at the Signal Center
examined noncommissioned officers (NCOs). The first of these
(Donaldson, 1985) employed a written test to measure job knowledge
of members of MOS 31C30, Signal Channel Radio Operator
Supervisor. The test was administered to 41 active-duty signal per-
sonnel, and the results showed a moderate positive correlation be-
tween AFQT score and job knowledge (r = 0.40). The second study ex-
amined students taking the end-of-course test in the basic NCO
courses for six signal MOSs (LeGree and Sanders, 1990). It also
found a moderate correlation between AFQT score and test score.
Finally, a moderate correlation between AFQT score and the hands-
on task performance of individual Single Channel Radio Operators
(MOS 31C10) was found in analyses performed as part of Project A
(Office of the Assistant Secretary of Defense, 1990).

These earlier studies demonstrate that AFQT score and the perfor-
mance of enlisted communications personnel are positively related.
However, they do not examine performance differences between indi-
viduals in AFQT categories of policy interest-i.e., the performance
expected from "high-aptitude" personnel (categories I through IIIA)
versus that expected from "low-aptitude" personnel (categories IIIB
and IV)-while accounting for other differences, such as experience
and education. The practical significance of differences in aptitude
for performance in combat cannot be inferred easily from these
studies. None of them have examined how performance is affected as
individuals who differ in aptitude interact to achieve a common
combat objective. The current research was undertaken in part to
obtain such additional insights, as well as to provide improved
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estimates of the relationship between broad categories of personnel
and training resources and combat-related outcomes.

RESEARCH APPROACH

This research focused on the primary tasks performed by MOS 31M,
Multichannel Communications Equipment Operator, whose members
operate communications systems providing division- and corps-level
command and control. A key feature of the analysis was its assess-
ment of group performance at two wartime-related tasks:

" Communications system operation: the ability to establish a func-
tioning multichannel communications network, a task that re-
quires interaction and teamwork among individuals at different
communications facilities.

"• Communications system troubleshooting: the ability to isolate
faults in multichannel communications systems, also a task requir-
ing teamwork.

For both functions, we examined graduates of Advanced Individual
Training (AIT) at the Army Signal Center, Fort Gordon, Georgia. For
the test of communications system operation, we also examined the
performance of personnel serving in several active-duty Army signal
units.

Operator performance was tested using the Reactive Electronic
Equipment Simulator (REES), a high-fidelity communications simu-
lator located at the Army Signal Center. This simulator has four sig-
nal nodes, each representing a signal center such as is found at a di-
vision or corps headquarters. The REES's simulation capabilities
provide a realistic environment for systematic and unbiased evalua-
tion of operator performance. Its computer system provides a mech-
anism for recording student data for subsequent analysis.

We also examined earlier tests of individual performance that offered
us the opportunity to assess possible AFQT score effects. During a
series of previous RAND studies on alternative training approaches
for signal personnel, systematic data were collected on soldier perfor-
mance for two MOSs, 31M and 31Q (Tactical Satellite/Microwave
Systems Operator, the members of which operate satellite communi-
cations equipment and other high-technology gear). Put together, the
data from these earlier studies cover a range of important tasks, some
measured in the REES and some measured using hands-on tests with
actual equipment. We reanalyzed these data to specify the differ-
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ences in performance levels that can be expected among individuals
with varying AFQT scores.

REPORT OUTLINE

The remainder of this report presents our research methodology and
results for the tests of operation and troubleshooting of communica-
tions systems. Section 2 describes the overall approach taken in the
research. Section 3 presents the results of analyses linking the ef-
fects of personnel quality to the operation of tactical communications
systems. We describe how the average aptitude of groups of three op-
erators influences group success in operating a communications sys-
tem. Then, in Sec. 4, we use data collected in earlier research on
Army signal students to examine the effects of personnel quality on
individual proficiency in performing presets, alignments, and adjust-
ments of multichannel communications equipment. Section 5 pre-
sents analyses linking the average aptitude of groups of three opera-
tors to their performance in isolating faults in a communications
system. Finally, Sec. 6 describes the implications of our findings for
Army policy on accession standards and mission readiness.
Supporting analytical tables are provided in Apps. A and B.



2. RESEARCH APPROACH

This section describes the primary research approach we used to as-
sess the relationship between aptitude and proficiency for enlisted
personnel who operate multichannel communications equipment, a
key activity in the Army Signal Corps. Most of the studies discussed
used the facilities of the Army Signal Center's Reactive Electronic
Equipment Simulator (REES). Two broad types of tasks were as-
sessed:

"• Install and operate multichannel communications equipment as
necessary for a division or corps to communicate.

"* Isolate faults and identify corrective steps in troubleshooting com-
munications systems.

The research design allowed us to derive statistical estimates of how
personnel quality affects the performance of these tasks, which in
turn implies the availability of communications facilities to comman-
ders at division and corps levels. Below, we describe the occupational
specialty examined, the characteristics of the simulator from which
most of the performance measures were drawn, and the procedures
used to select individuals and form groups for testing.1,2

OCCUPATIONAL SPECIALTY

The Army Signal Corps provides the communications backbone con-
necting units on the battlefield. As described in Army doctrine
(Department of the Army, 1977a) each division has an associated sig-
nal battalion that provides internal communications within the divi-
sion and links the division to its subordinate units.3 Division units,
and division artillery or maneuver battalions, each have an assigned
communications element that moves with them, as do division head-
quarters elements. Within communications units are teams that es-
tablish and maintain communications links, providing commanders

1Methodological details specific to the tests of communications system operation
and troubleshooting are described in Secs. 3 and 5, respectively.

2At the request of the Signal Center, we also helped to design a hands-on test of
crew proficiency in installing antennas. This test, however, did not have the system-
atic evaluation properties of the REES simulator test, and its results are not reported
here.

3A signal brigade provides the analogous function for the corps.

7
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with the ability to command, control, and coordinate all types of sub-
ordinate units.

Among the various signal-related military occupational specialties
(MOSs), career management field (CMF) 31 provides the personnel
who operate the tactical communications equipment used in units.
One of four CMFs in Army communications, CMF 31 provided 49,000,
or 75 percent, of the nearly 65,000 enlisted spaces authorized in the
Signal Corps in FY 1989, when this study took place. Thirteen entry-
level MOSs and four advanced supervisory MOSs were included
within CMF 31 (U.S. Total Army Personnel Command, 1989).

This study examined the performance of operators in a key MOS,
31M, on tasks essential to the operators' wartime mission. As de-
scribed in Army doctrine (Department of the Army, 1978), 31M per-
sonnel hold important positions at command posts and area signal
nodes within headquarters and area signal battalions. One of their
jobs is to link command posts at corps/divisions with adjacent
corps/division command posts, subordinate headquarters, and other
important elements, such as division artillery and air defense batter-
ies.

The members of MOS 31M install, operate, and perform preventive
maintenance checks and services and unit-level maintenance on mul-
tichannel communications equipment and such related equipment as
antennas and generators (Department of the Army, 1989). The initial
skill level (31M10) emphasizes installation, operation, and mainte-
nance of equipment. Higher levels (e.g., 31M20 and 31M30) have the
added responsibility of supervising other team members.

The equipment used by MOS 31M is arrayed as individual compo-
nents (e.g., radio transmitters, receivers, communications security de-
vices), assemblages of integrated components, and shelters consisting
of assemblages within their assigned vehicles. Assemblages are at-
tached to portable generators located outside the shelters and to a
movable antenna. The major categories of assemblages used by 31Ms
include the so-called high-capacity, medium-capacity, and low-
capacity equipment. 4 Among the most frequently used is the low-ca-
pacity assemblage, AN/TRC-145, which is found in the REES. The
AN/TRC-145 (pictured in Fig. 2.1) is a radio terminal set containing

4The "capacity" of equipment denotes the number of different individual channels,
or bands of frequencies, on which communication can be established. Higher-capacity
equipment is usually concentrated at the highest echelons of command.
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Table 2.1

Operating Strength and Accessions,
MOS 31M

Operating strength, FY 1989
(by pay grade and skill level)

El-E3 (level 1) 1515
E4 (level 1) 2671
E5 (level 2) 1361
E6 (level 3) 1071
Total 6618

Accessions
FY 1989 (actual) 1198
FY 1990 (estimated) 1280
SOURCE: U.S. Total Army Personnel

Command (1989).

REACTIVE ELECTRONIC EQUIPMENT SIMULATOR

Description

The REES is a computer-controlled, high-fidelity simulation facility
located at Fort Gordon, Georgia, the site of the U.S. Army Signal
Center and School, where Advanced Individual Training (AIT) is pro-
vided for communications and electronics occupations. The REES
contains four communications nodes representing separate field loca-
tions (signal centers). Each node contains seven separate sets of the
related communications equipment (assemblages) that would be op-
erated in the field by the appropriate signal specialists. 5

The REES also contains a central instructor console from which ac-
tions can be monitored and the system controlled. Each assemblage
can operate independently or as one component of an integrated tacti-
cal communications network, depending on the configuration of as-
semblages and nodes established by the system controller.
Alternative communications systems are simulated through use of
specific nodes and assemblages and the links established between
them. Networks can be established to represent alternative tactical
environments. For example, a corps could be represented using the
equipment in a node that would be found customarily in a corps signal
center. Meanwhile, division and lower-echelon signal centers could be

5Each node contains one AN/TRC-145 and one AN/TRC-151 (operated by MOS
31M), one AN/TRC-138 (operated by MOS 31Q, Tactical Satellite/Microwave Systems
Operator), three ANiTCC-73s (operated by MOS 31M or MOS 31Q), and one AN/TSQ-
84 (operated by MOS 31N, Tactical Circuit Controller).
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represented in other nodes. Further, different nodes could be
connected to each other in different ways (e.g., using radio or cable),
as doctrine would suggest is appropriate in the battle situation.

A key feature of the REES is that it contains the actual faceplates,
panels, and switches of the real communications equipment. The op-
erators use the same equipment and follow the same procedures they
would in a shelter in a true field environment. Rather than
transmitting actual signals, however, the assemblages "communicate"
through a master computer. The master computer evaluates individ-
ual actions taken on each piece of equipment and causes the system
to respond appropriately to those actions. It also extracts and saves
data, which we used as the basis for our analyses.

Advantages for Performance Assessment

The REES offers several important advantages for assessing group
performance in operating and troubleshooting communications sys-
tems:

"• It provides a realistic simulation of communications assemblages
and networks in which task success implies the availability of di-
vision/corps command-and-control facilities.

"• Its simulator can be used to provide an objective test that can be
administered consistently and under controlled conditions across
test administrations.

" Test difficulty can be manipulated, through test conditions and
standards, to represent field tasks of varying difficulty and to pro-
vide desirable statistical variation in outcomes.

" Its computer can provide considerable detail on the performance of
individuals and groups, producing data whose likelihood of error is
less than that of similar measures made without computer assis-
tance.

Altogether, these advantages indicate that the REES can provide an
objective test that is likely to produce reliable and valid measures of
individual and team proficiency.6 Because the REES uses the actual
faceplates of the equipment and the tasks are identical to those per-

6Reliable here means consistent from test administration to test administration.
Valid means accurate with respect to true success or failure at communications system
operation and troubleshooting. If the protocol is followed consistently, the conditions of
testing and measurement should not vary from administration to administration.
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formed with field equipment, a soldier's ability to perform in the
REES should be highly related to his ability to perform in a shelter
outside the REES. Indeed, given the data collection capabilities of
the REES (not present in the tactical equipment), testing in the
REES is preferable to a test involving actual equipment, which would
of necessity require some subjective assessment of performance.

In addition, experience has shown that the REES can provide a real-
istic simulation of communications networks that might be estab-
lished in combat. The assemblages look and act like the real thing
(they have "face validity"), their operation procedures correspond to
those prescribed in relevant technical manuals, and the simulations
conform with established communications doctrine (Gould, 1981). For
example, a typical network configuration employs the four nodes in
the REES to simulate a communications network between one ar-
mored division, two infantry divisions, and one corps headquarters.

TEST PROCEDURES

Based on earlier RAND experience using the REES for individual
performance assessment (Winkler and Polich, 1990) and in conjunc-
tion with subject-matter experts at the Army Signal Center, we de-
signed and conducted tests of communications system operation and
troubleshooting. These tests examined the effect of personnel apti-
tude (AFQT score) on the performance of groups of communications
operators as they interacted to operate systems and isolate faults in a
command-and-control communications network that could be estab-
lished in wartime.

Simulated Configuration

Figure 2.2 shows the simulated network configuration, which con-
sisted of four assemblages: two terminals and two relays. The ter-
minals represented the assemblages that might be found at nodes
such as the division or corps main command post (terminal A) and di-
vision artillery (terminal B). They were connected by a relay system
at intermediate nodes, where the signals from both terminals were
received and retransmitted. Each terminal managed two separate
12-channel systems.7 The relay was used as a "repeater" to forward
signals in one 12-channel system from one terminal to the other. In

7 1n an operational system, each channel would in turn contain several separate
lines of communication, including voice, code, data, and so forth.



13

Terminal B Terminal A

System 2Sstem 1

Relay Relay

Fig. 2.2-Test Configuration

addition, the nodes were connected by a separate, single line of com-
munication (an "order wireP) to allow operators to communicate with
each other. The test in the REES employed groups of three operators:
two persons assigned to the terminal positions and one person as-
signed to a relay position.8

Equipment

Each node in the REES contains an AN/TRC-145 and an ANiTRC-
151, which are the principal pieces of radio equipment used by 31Ms.
We tested 31Ms on the AN/TRC-145 because, according to subject-
matter experts at the Signal School, it is used more widely in the field
than is the ANiTRC-151, which is used only at corps and higher eche-
lons. This decision allowed us to test a larger number of unit person-
nel on applicable equipment. Also, when our research was being per-
formed, the ANYTRC-151 was receiving only minimal attention during
AiT. Thus, the AN/TRC-145 offered greater advantages for testing
purposes.

8Through most of the test, the relay was placed in the first 12-channel system
(system 1). In part of the test of AIT graduates, conducted to provide additional infor-
mation for the Signal Center about the relationship between relay and terminal per-
formance, the relay was placed in the second 12-channel system (system 2). The un-
manned relay was placed in "override" position by the REES computer, meaning that it
was, in effect, transparent to other users in the system.
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Examinees

The test involved members of MOS 31M drawn from two separate
populations: graduates of MiT and personnel from four active-duty
signal battalions. The testing was carried out from September 1988
through April 1989.9 Operators were tested in groups of three and
were preassigned to groups and nodes within each population using a
random assignment method. We had determined that such a method
would be likely to produce wide variation in the "quality" of teams,
thus mirroring the types of teams the Army would have in the field in
a conflict. To investigate whether random assignment would provide
a suitable distribution of individual and group quality for a team test,
we first examined the underlying distribution of aptitude (AFQT
score) among FY 1988 31M non-prior service accessions. Table 2.2
shows these figures for active-duty accessions.

How are these individuals likely to be assigned to communications
nodes? If the commanders' information and control were perfect, the
most capable or experienced individuals would most likely be placed
in strategically important locations so that individual nodes and the
network would be formed to maximize system performance. We sus-
pect, however, that the exigencies of battle would preclude any such
systematic assignment. In an actual tactical situation (during armed
conflict), individual specialists would be spread out over an extended
geographic area. Each small group of communications operators
would move frequently as the combat units maneuvered across the
battlefield area. Over time, a given operator could find himself in dif-

Table 2.2

Distribution of AFQT Scores in MOS 31M:
FY 1988 Active-Duty Accessions

AFQT Score by Mean Percentage
Percentile and Category of 3lMs

65-99, category I, 11 38
50-64, category liA 29
10-49, categories IIIB, IV 33

SOURCE: Data provided by Defense Manpower
Data Center.

9The numbers of groups tested in system operation and troubleshooting differed.
See Secs. 3 and 5 for details.
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ferent locations and/or performing different network functions (e.g.,
terminal one day, relay the next). The specific role played by any sin-
gle specialist would probably be determined by a process that would
be much more random and less predictable than that used in peace-
time exercises.

If a random process governs operator assignment, we can use the bi-
nomial function to estimate the distribution of quality that would be
observed in groups drawn from a large sample. Based on the bino-
mial process and the fact that 67 percent of the underlying population
is in categories I, II, and IIIA, randomly drawn groups of three 31Ms
are likely to have the following characteristics: 30 percent will have
all three members in AFQT categories I through IIIA; 44 percent will
have two such members; 22 percent will have just one such member;
and 4 percent will have none.

We concluded that a random assignment mechanism should be suffi-
cient to ensure broad variation in the overall aptitude levels of groups
of operators. To carry out the assignments, we obtained lists of po-
tential examinees in advance of the testing and allocated individuals
at random to teams of three and to REES nodes within teams. This
procedure was followed for forming groups of AIT graduates as each
successive class of trainees completed the course, and for forming
groups of personnel from active-duty signal battalions during desig-
nated test periods. These groups were then tested on the two primary
tasks, system operation and troubleshooting.



3. SYSTEM OPERATION

This section focuses on our test of system operation performance, in
which groups of three persons were required to install and operate
their equipment to establish a working tactical communications sys-
tem. We first describe the details of the testing procedures and per-
formance measures; we then describe the estimated effects of AFQT
score on group success.

TESTING PROCEDURES

We preassigned individual soldiers to three-person groups and spe-
cific assemblages at random within each of the test populations (i.e.,
among graduating classes of AIT students and within active-duty sig-
nal battalions). Each group received an initial briefing to describe the
tactical situation and specific REES procedures and inform the group
that its initial task would be to operate a radio system using the
AN/TRC-145.1 Individuals were instructed to install their assemblage
as either a radio terminal or a relay, depending on their preassigned
node locations. They were then directed to their nodes within the
REES facility, where they received further written instructions
regarding their "mission" (i.e., "cut sheets" assigning frequencies on
which to transmit and receive). After the console operator had initial-
ized the system, the group members entered identifiers via the com-
puter keyboard attached to each assemblage. They were then
instructed to 3egin the system operation task, following procedures in
the REES performance guide (U.S. Army Signal Center, 1983), which
adheres to standards in the relevant technical manuals. Upon
completion of the task, team members depressed a "task-stop" button
on their computer keyboards.

The objective of this task was to establish communication between
the terminal positions in the network. Performing this task involved
individual installation of the equipment followed by group interaction
to establish communication between nodes. As the team began its
work, each soldier had to correctly interconnect the individual com-
ponents in his assemblage, preset and perform operational checks of

1One purpose of the briefing was to present the tactical environment and operating
procedures to the operators just as would be done in an actual unit prior to deployment.
Another objective was to ensure that the soldiers were equally familiar with the REES
operating procedures.

16
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the components, and align and adjust his own equipment. The
soldiers then sought to establish initial communication with each
other. The soldier at the relay installed his assemblage and then
made contact with each terminal operator. Next, the terminal opera-
tors established contact with each other on the first 12-channel sys-
tem throigh the relay, aligning and adjusting their equipment as
needed to ensure adequate communication. The terminal operators
then repeated these procedures on the second 12-channel system.2

All operators had the ability to use the order wire as a back-channel
for communicating and resolving difficulties. Seventy minutes were
allotted for this task, consistent with Army standards established for
unit performance. 3

Measurement of Group Performance

Our primary performance measure was whether the communications
system became operational (i.e., whether both 12-channel systems
functioned) within the allotted time. We obtained measures of per-
formance from two sources: global ratings of success provided by
signal experts, and detailed records of operator actions maintained by
the REES computer. The global ratings were reported in writing by a
test supervisor and other observer/controllers (O/Cs), who were un-
aware of the AFQT categories of the examinees. 4 At the conclusion of
the time allotted for the task, the test supervisor judged the overall
system as usable or unusable ("go" or "no-go") based on observation of
operator performance and, where necessary, a speech test on each of
the systems.

As validation for these judgments, we relied on the data base main-
tained by the REES computer. The REES computer data showed, for

2There are two phases to operation of each system. In the initial phase, the system
is installed in nonsecure mode, i.e., without the communications security (encryption)
system. Then, the system is realigned using the communications security system.

3The ARTEP (Army Training and Evaluation Program) allows 120 minutes to
install and operate two 12-channel radio systems using the AN/TRC-145. These
standards, however, pertain to three-man crews assigned to a single shelter, and they
include additional tasks--e.g., selecting an appropriate site, preparing and
camouflaging the shelter, maintaining security, preparing and operating a generator,
and installing an antenna (which itself requires three persons and 30 minutes). The
consensus of signal subject-matter experts, including the general officer serving as
assistant commandant of the Signal Center, was that 70 minutes should be more than
sufficient for an individual 31M to operate the multichannel equipment.

4 The test supervisor was a retired 31M sergeant major who was hired, trained, and
supervised by RAND. The other O/Cs included the senior NCO operator of the REES
computer (the console operator) and additional civilian and military assessors who
observed examinees at work in the nodes.
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each individual assemblage, whether errors had been made during
execution of the task.5 The data did not, however, directly indicate
the final status of the communications system as a whole or provide
other measures of overall group performance. To derive such an
overall measure, we linked the individual records indicating the sta-
tus of each assemblage at the last task-stop to determine whether the
assemblages were operational. The system as a whole was inferred to
be operational when all assemblages were operational. Among the
AIT graduates, scoring of system operation based on the overall
judgment of the test supervisor agreed with the computerized mea-
sure for 237 of the 240 groups (99 percent).

In our final analysis, however, we used the measure of performance
provided by the test supervisor, because the computerized validation
was not available for unit members. In units, standard operating
procedures often differ from the technical-manual procedures embod-
ied in the REES software (e.g., unit members often omit nonsecure
operation and use other procedures found to be expedient in the
field). 6 During the testing of unit personnel, participants were al-
lowed to follow the standard operating procedures of their units, al-
though the time standard remained unchanged. As with the AIT
graduates, the O/Cs carefully monitored the examinees, and the test
supervisor judged, at the conclusion of testing, whether the system
was usable. However, the REES computer software recorded alterna-
tive procedures followed by unit members as errors and thus could
not be used to conduct a detailed validation for unit members.

5Specifically, at each depression of the task-stop button at the assemblage, the
computer evaluates the steps taken and, for any detected errors in the setup or switch
actions, illuminates a red light on the computer keyboard and at the operator's console.
In addition, the computer generates a record that shows at each task-stop whether the
task was performed correctly or incorrectly, cumulative time on the task, and other in-
formation. Interpretation of the computerized data is complicated, however, because
the computer may indicate an error for various reasons. An indication of incomplete
may be generated if the assemblage simply does not work (e.g., if cables are incorrectly
patched). It may also be generated for more minor mistakes, such as performing steps
outlined in the performance guide out of sequence. According to the signal subject-
matter experts, the latter indications of error represent "false negatives." Systems
could be operated using short cuts or combinations of steps other than those allowed by
the computerized scoring rules.

6Some individuals may have had difficulty because they were not currently working
with the AN/TRC-145 or in MOS 31M, for which they were officially qualified. This
problem was not widespread, however. In questionnaires collected from all unit mem-
bers, most reported that their current duty MOS was 31M (92 percent), and most said
that they were currently working with an AN/rRC-145 or equivalent (68 percent).
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Basic Data Distributions

Test Results. By the conclusion of testing, usable data had been
collected from 720 AIT graduates and 252 unit members who had
been properly configured into three-person groups.7 The perfor-
mance of operator groups for each of the test populations is shown in
Table 3.1. The system was judged as operational within the time
limit for 61 percent of the groups of unit members and for 41 percent
of the groups of AIT graduates. The remaining groups were unable to
correctly operate the communications system within the allotted time.

Test Participants. The characteristics of the individual personnel
upon whom the analyses were based are shown in Table 3.2. The fig-
ures were derived from records of the Defense Manpower Data Center
(DMDC), which maintains data on written and physical tests for en-
listment qualification.8 The groups contain slightly different AFQT
score distributions, with the AIT graduates containing relatively
fewer category IIIB and IV personnel than were found in the unit
sample.9 Neither group, however, contained a sizable number of per-
sonnel in AFQT category IV.

Table 3.2 also shows that the populations of AIT graduates and unit
members differed from each other in background and experience. The
unit members were older, and about a fifth of the unit members were

Table 3.1

Group Performance at System Operation
(in percent)

Test Group

AIT Graduates Unit Members Total Sample
Performance (240 groups) (84 groups) (324 groups)

Operated successfully within
time limit 40.8 60.7 46.0

Not operated successfully 59.2 39.3 54.0

7Four AIT groups (12 members) were discarded from the analysis because we could
not determine the AFQT score of one or more members. An additional trio of unit
members was discarded because one member had participated earlier as an AIT grad-
uate.

81n the few cases for which no DMDC data existed, data were obtained from Army-
maintained personnel files.

9AFQT categories are defined by percentile scores normed on the U.S. youth popu-
lation: category 1, percentiles 93-99; category II, 65-92; category IIIA, 50-64; category
IIIB, 31-49; category IV, 10-30. Category V persons, percentiles 1-9, are excluded by
law from military service.
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Table 3.2

Characteristics of Individual 31Ms Tested in
System Operation

AIT Active-Duty
Characteristic Graduates Personnel

AFQT category (percent)
I 2.1 2.0
II 34.0 31.7
IIIA 24.4 21.4
IIIB 38.1 33.3
IV 1.4 11.5

AFQT score, mean (s.d.) 58.0 (16.8) 54.3 (20.6)

Age
18-19 51.9 2.4
20-21 24.4 30.8
22-23 10.4 26.3
24-25 5.9 13.0
26 or older 7.4 27.5

Age, mean (s.d.) 20.6 (3.0) 24.1 (4.1)

Sex (percent)
Male 81.8 90.9
Female 18.2 9.0

Race (percent)
White 66.8 55.5
Nonwhite 33.2 44.5

Education (percent)
High school graduate 94.0 88.1
Nongraduate 6.0 11.9

Component (percent)
Active 71 100.0
Guard or Reserve 28.2 0.0

Pay grade (percent)
El 76.8 0.8
E2 9.8 3.6
E3 11.6 26.2
E4 1.8 46.8
E5 0.0 21.0
E6 0.0 1.6

NOTE: Based on 720 AIT graduates and 252 active-duty
personnel.
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above the initial skill level conferred upon AIT graduation (as indi-
cated by a grade of E5 or higher). The AIT graduates, moreover, in-
cluded a number of Reserve component personnel, who were generally
non-prior service enlistees on temporary active-duty status during
training. We controlled for these differences in group characteristics
in our analyses.

Distribution of Group Aptitude. Table 3.3 shows the distribution
of aptitude across the groups. The final sample of participants was
configured into 240 three-person groups of AIT graduates and 84 trios
of unit members. The average AFQT score of the three group mem-
bers, which we used as a summary measure of group aptitude, fell
within category IIIA about 50 percent of the time for both
populations. Another way to characterize overall group aptitude is to
count the number of "high-scoring" members (i.e., with AFQT scores
in categories I through IIIA). As can be seen in Table 3.3, the modal
(most common) team contained one member from the lower AFQT
categories and two members from the higher AFQT categories.

The distributions of average AFQT score and number of high-scoring
members indicate substantial variability in group aptitude in both
test populations across AFQT categories, except within category I and

Table 3.3

Group Aptitude Distribution for System Operation Test
(in percent)

AIT Active-Duty
Group AFQT Composition Graduates Personnel

Average AFQT score distribution by category
and mean percentile

1, 93-99 0.0 0.0
II, 79-92 2.5 1.2
II, 65-78 22.5 15.5
IIIA, 57-64 27.5 21.4
IIIA, 50-56 28.8 28.6
IIIB, 40-49 16.6 23.8
IIIB, 31-39 2.1 8.3
IV, 10-30 0.0 1.2

Number of members in AFQT categories
Three I-IIIA personnel 22.9 15.5
Two I-IIIA personnel, one IIIB-IV 41.7 45.2
Two or more IIIB-IV personnel 35.4 39.3

NOTE: Based on 240 three-person groups of AIT graduates and 84
three-person groups of active-duty personnel.
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category IV. Thus, there should have been enough operator groups in
the higher and lower categories to allow us to predict the effect of
raising or lowering AFQT scores across a wide range of scores.

ANALYSES OF GROUP APTITUDE AND PERFORMANCE

Analytic Method

To assess the effects of aptitude on performance in operating commu-
nications systems, we used regression models that included aptitude
and additional personnel characteristics as predictors of performance.
Group performance in operating the system-completing the task
within the time standard-was treated as success or failure, a binary
(0/1) measure. Therefore, we used logistic regression to estimate sta-
tistical relationships.10 Using this model, we examined the effect of
alternative measures of group aptitude while controlling for other
group differences. This approach allowed us to estimate the effects of
AFQT score on group performance more precisely ("net" of other dif-
ferences among groups) while providing a basis for predicting how
performance would differ as group aptitude changed over AFQT cate-
gories. Predictor variables in the model included the following:

"* Age of group members (average).

"* Variables representing the number of group members that were
male, white, and high school graduates (each coded 0 through 3).

"* A dummy variable indicating whether the test group was composed
of unit members (coded 1) or AIT graduates (coded 0).11

"* The number of group members currently using the AN/TRC-145 in
their regular job, a measure of equipment familiarity (coded 3 for
AIT graduates and 0 through 3 for unit members).' 2

10 Logistic regression is the appropriate functional form for conducting regression
analysis of binary (0/1) variables. The form of the equation is y = 1/[I+EXP(-bx)],
where y is the outcome variable, EXP is the exponential function (base e), x is a vector
of independent variables, and b is a vector of th,'ir coefficients. This form permits
interpretation of the outcomes as the probability of y (e.g., success) given the vector of
independent variables, x.

"lIn preliminary analyses, we examined alternative measures of job experience for
unit personnel obtained from a questionnaire administered to unit members. The
purpose of this instrument was to provide measures of experience for unit members,
including information on current work assignments and recent job-related experiences.
We found, however, that these measures were substantially intercorrelated, precluding
their concurrent use in the analysis. Among measures of job-related experience, unit
membership proved most robust.

12This measure was taken from the questionnaire filled out by unit personnel.
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• A dummy variable indicating whether the test group contained any
members drawn from the Reserve component (coded 1 versus 0).

In this model, we also include a dummy variable to control for alter-
native test regimens in which the relay was located in either system 1
or system 2 (see Sec. 2). This variable was coded 1 for those AIT
groups in which the relay was located in system 2, and 0 for all re-
maining groups. Means and standard deviations of the predictor
variables are shown in Table 3.4.

Testing Possible Group Effects

Initially we assumed that the most straightforward measure of group
aptitude was the average, or mean, AFQT score of the three group
members. This formulation seemed most consistent with the purpose
of our analysis, which was to estimate the effects on group perfor-

Table 3.4

Predictor Variables Used in the Models, by Test Population

AIT Unit Combined
Graduates Members Sample

Variable Mean S.D. Mean S.D. Mean S.D.

Successful operation (no/yes) 0.41 0.49 0.61 0.49 0.46 0.50

AFQT score (average) 57.95 9.60 54.28 11.02 57.n6 10.06

AFQT score distribution
(number in categories I-
IIIA) 1.82 0.85 1.65 0.87 1.78 0.86

Number of members using
equipment 3.00 0.00 1.94 0.86 2.72 0.64

Age (average) 20.60 1.94 24.14 2.56 21.51 2.63

Education (number of high
school graduates) 2.80 0.46 2.5-3 0.55 2.74 0.49

Sex (number male) 2.45 0.72 2.73 0.50 2.52 0.68

Race (number white) 2.00 0.80 1.63 0.86 1.90 0.83

Reservists present in group
(no/yes) 0.57 0.50 0.00 0.00 0.42 0.49

Relay position
(system 2) 0.48 0.50 0.00 0.00 0.36 0.48

Number of groups 240 84 324
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mance of lowering or raising the aggregate level of aptitude among
communications operators (e.g., from category IIIA to category IIIB).
The results of our initial analysis, shown in Table 3.5, indicate that
the group's average AFQT score is significantly related to the group's
ability to operate communications systems successfully when mea-
sures of demographic background, education, and military experience
are controlled. Groups with higher average AFQT scores perform
better than do groups with lower average AFQT scores. 13

Table 3.5

Regression of System Operation and Average Group
AFQT Score

Standard Chi-
Variable Coefficient Error Square

Average group AFQT score 0.041 0.013 10.04'

Test population (unit members) 1.766 0.529 11.14*

Number of members using equipment 0.440 0.282 2.44

Average age of operators -0.110 0.058 3.65

Number of high school graduates 0.034 0.252 0.02

Any Reservists in group 0.255 0.287 0.79

Number of males 0.134 0.180 0.55

Number of whites 0.084 0.153 0.30

Test regimen (relay in system 2) -0.479 0.276 3.01

Intercept -2.338 1.930 1.47

NOTE: Logit model used, based on 323 groups with complete data.
Model significant at p < .001 (chi-square = 32.49; -2 log L = 413.02).
Asterisk indicates parameter significant at p < .05 (two-tailed test).

1 3The AFQT coefficient shown in Table 3.5 is unbiased for the members of MOS
31M examined in the study. The magnitude of the AFQT score effect for enlistees in
general may differ from what is shown if soldiers who enlist in MOS 31M differ from
other enlistees according to other unmeasured factors. For example, enlistees may self-
select for this MOS, or they may be influenced by military job counselors to choose this
specialty because they have other attributes believed to improve their performance as
communications system operators. Such selection would restrict the range of observed
outcomes. When this selection effect is taken into account via a Heckman correction for
selectivity (Greene, 1990, p. 744), the magnitude of the AFQT coefficient changes very
little, increasing by approximately 9 percent. The correction term itself was not a sta-
tistically significant predictor of group performance. We therefore chose to estimate
the effects of AFQT score on performance from our empirical sample in the remaining
analyses.
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Alternative Measures of Group Aptitude. Our initial analyses
used average AFQT score as a measure of group aptitude, but
alternative specifications for aptitude that represent competing
theories of group dynamics could be considered. The influence of
aptitude on group performance could depend on the type of task
performed by the group or the attributes of individual group
members. Moreover, dynamic properties of group interaction could
affect performance beyond the scope of individual members' abilities.
To examine such possibilities, we conducted sensitivity analyses
including alternative measures of individual and group aptitude. In
general, these analyses indicated that our model using average group
AFQT score was robust for a wide range of alternative specifications
and the addition of other variables. Below, we describe alternative
models we examined. Regression tables showing the results of major
alternative analyses are contained in App. A.

Task Characteristics. Steiner's discussion (1972) of task demands
and productivity has been extremely influential in analyzing group
performance in a variety of settings. Steiner argues that task re-
quirements are key determinants of group performance and that
tasks could be classified based on the individual contributions needed
to achieve a successful group outcome. According to his taxonomy,
major distinctions include disjunctive, conjunctive, and additive
tasks.14

In a disjunctive task, for example, the group succeeds if a single
member succeeds. Consider, for example, a competition in which stu-
dent teams attempt to solve a math problem. The first team to solve
the problem wins. In such a case, the team most likely to win will
contain an individual with the resources needed to win the competi-
tion. In general, the team's performance will be determined by its
most able member. In a conjunctive task, each group member must
perform the same function, and all must do well for the group to suc-
ceed. An example is the speed with which a team of mountain
climbers reach a summit. In this situation, group performance is de-
termined by its least able member. Finally, in an additive task, group
performance depends on all individual performances. Thus, the out-
come is a combination of individual outcomes and does not depend on
a specific group member. An example is a bowling team whose team
score combines individual performances.

14See Kahan et al. (1984) for a more extended discussion of the theoretical litera-
ture on the link between group behavior and military unit performance.
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This discussion implies that the role of aptitude in determining group
performance in communications system operation may depend on
whether the task is disjunctive, conjunctive, or additive. Alternative
formulations of our model can be specified according to each of these
possibilities. For example, if the task is seen as conjunctive, the per-
formance of one "weak link" should cause the group to fail. In this
case, to analyze group performance, aptitude might be represented as
the minimum AFQT score among the group members. If a capable
"strong leader" drives group performance, then aptitude might be
represented as the maximum AFQT score among the group members.
Finally, if successful performance by all of the operators is needed for
group success, then the task could be viewed as additive, and group
aptitude would be best represented as a combination of individual
aptitudes.

Given these possibilities, we viewed the task as primarily additive in
nature. Key task characteristics included the high degree of coordina-
tion among operators during task performance and the ability of op-
erators to communicate and offer assistance to each other (via the
"order wire")? 5 Among these, task coordination could be especially
important, since all members were required to contribute (O'Brien
and Owens, 1969). Thus, we initially preferred a model that com-
bined individual aptitudes (i.e., average AFQT score). To gain empir-
ical insight, however, we examined logistic regression models that
represented aptitude as either the effects of a strong leader
(maximum AFQT score) or a weak link (minimum AFQT score). Our
results (shown in App. A, Tables A.1 and A.2) demonstrate that these
models were not as good as the model using average AFQT score. The
chi-square of the average AFQT score model, a measure of goodness of
fit, was larger than the chi-squares of these two alternative models.1 6

Another means of comparing the models was provided by the -2 log
likelihood ratio, which indicates the amount of variance unexplained
by the model. Compared to the other two models, the average AFQT
score model left less variance unexplained. 17,18 Thus, we saw no

1 5 0ur O/Cs noted that groups generally were highly motivated to succeed.
Members communicated frequently with others using the order wire and assisted each
other in resolving problems when they occurred.

16The chi-square of the average AFQT score model was 32.49. The chi-squares of
the maximum and minimum AFQT score models were, respectively, 27.15 and 27.36.

17For the average, maximum, and minimum AFQT score models, the results were
-2 log L = 413.02, 418.37, and 418.16, respectively.

181n addition, we compared the simultaneous effects of average AFQT score and
maximum or minimum AFQT score in two additional models. These models, shown in
App. A, Tables A.3 and A.4, indicate that average AFQT score is a stronger predictor of
group performance than either the maximum or minimum AFQT score within the
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reason to prefer a formulation in which group performance was de-
termined by the aptitude of one specific group member.19

Individual Contributions. Assuming that group performance can
be analyzed as a combination of individual aptitudes, alternative
specifications can be considered for combining aptitude measures.
Our preference was to represent the aptitudes as a group average,
since this approach appeared most relevant to the policy problem of
changing the aptitude profile across the MOS. An alternative, how-
ever, was to represent aptitude in the group by using the individual
AFQT scores of the group members in place of the group mean.

The results of this analysis, given in Table 3.6, show that group per-
formance improves as the AFQT scores of the three members in-
crease. The relationships are all positive, and two of the AFQT coeffi-
cients surpass the conventional significance level (.05). In addition,
the total of the individual coefficients is the same magnitude as the
coefficient when the measures are combined as average AFQT score
(Table 3.5). Thus, the model suggests that the effects of individual
AFQT scores are additive for this task, but the average AFQT model
represents the phenomena more parsimoniously. In fact, when we
formally compared the predictive power of these two models, we found
that the difference was trivial and far from statistically significant
(chi-square = 0.69, n.s.).20 We concluded that the aptitude of group
members performing this task could be specified as average AFQT
score for our analysis.

Group Productivity Effects. As described thus far, our analysis
suggests that individual aptitudes affect group performance in an

group when one of the latter measures is included along with the average AFQT score.
The effect of average AFQT score remains statistically significant, whereas the effect of
maximum or minimum AFQT score is not significant.

1 9Another possibility that we considered but rejected based on empirical evidence
was the effect on the group outcome of single operators in specific positions. Here, we
examined whether the group outcome was determined by the aptitude of the member
in terminal A, the relay, or terminal B. Compared to each of these three cases, the
model using the average AFQT score of the three members provided a better fit with
higher chi-square and smaller -2 log likelihood values. See App. A, Tables A.5, A.6,
and A.7, for details.

20We evaluated these alternative models by comparing the ratio of the log likeli-
hoods of the baseline model using average AFQT score and the model containing the
three operators' AFQT scores (Maddala, 1988, pp. 84-85). This ratio has a chi-square
distribution with degrees of freedom equal to the number of additional coefficients.
Here, the small improvement in predictive power afforded by the individual AFQT
model (-2 log L = 412.29 versus 413.02 for the model using average AFQT score) did
not warrant the two additional degrees of freedom required by this model.
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Table 3.6

Regression of System Operation and Individual AFQT Score

Standard Chi-

Variable Coefficient Error Square

AFQT of terminal A operator 0.017 0.007 6.21"

AFQT of relay operator 0.009 0.007 1.75

AFQT of terminal B operator 0.015 0.007 4.91"

Test population (unit members) 1.799 0.532 11.41"

Number of members using equipment 0.434 0.283 2.34

Average age of operators -0.112 0.058 3.77

Number of high school graduates 0.032 0.253 0.02

Any Reservists in group 0.264 0.288 0.84

Number of males 0.127 0.180 0.49

Number of whites 0.079 0.153 0.27

Test regimen (relay in system 2) -0.472 0.277 2.90

Intercept -2.261 1.936 1.36

NOTE: Logit model used, based on 323 groups with complete data. Model
significant at p < .001 (chi-square f 33.22; -2 log L = 412.29). Asterisk indi-
cates parameter significant at p < .05 (two-tailed test).

additive fashion and assumes that the effect of aptitude on perfor-
mance is linear. One might argue, however, that group interaction
could cause performance to exceed that expected by combining at-
tributes of group members (e.g., Hackman and Morris, 1983). Such a
"4'compositional" effect is said to occur, for instance, if the result of
adding a high-ability person depends on the value of the other per-
sons in the group. Thus, for example, there would be a compositional
effect if increasing the aptitude of one of the terminal operators made
more of a difference if the other terminal operator's AFQT score was
high rather than low. Tziner and Eden (1985) describe some evidence
for the compositional effects of ability on the performance of Israeli
tank crews as rated by supervisors. 21

To test for such phenomena, we examined additional models of group
performance. Specifically, we looked at models that included a
quadratic term (the square of the average AFQT score, in addition to
the average AFQT score) to test the linearity of the relationship be-

21But a second study found that team performance in an interdependent task is not
likely to be affected in a nonadditive manner by team composition (Tziner, 1988).
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tween AFQT score and performance, as well as some additional func-
tional forms designed to examine the linearity of the model. 22 We
also examined models that included terms for interaction among the
individuals' AFQT scores. None of the additional terms (shown in
App. A, Tables A.8 and A.9) proved statistically significant. The pre-
dictive power of these models was not significantly greater than that
of the baseline model using average AFQT score, based on tests of the
log likelihood ratios.2 3 Thus, the effects of member AFQT score on
group performance appear to be linear, and there is no evidence that
member interaction improves performance beyond that predicted by
the individuals' aptitudes.

As further evidence that the effects of AFQT score are additive among
group members, we considered the value of having "just one smart
person" or multiple "smart people" in a group. Our analyses sug-
gested that each individual contributes to group success, implying
that the more high-scoring individuals, the better. This finding is
explicitly illustrated by the analysis results in Table 3.7. Here, suc-
cess or failure of the group was modeled as a function of the number
of high-aptitude persons in the group.24 The results show that the
probability of successful system operation depends on the number of
high-aptitude personnel in the group. As the number of high-aptitude
members increases, the group is more likely to succeed.

Differences Among Test Populations. The analysis results re-
ported thus far led us to prefer our initial model using average AFQT
score (Table 3.5) to alternative models for analyzing the effects of
AFQT score on the ability of signal operators to operate communica-

22For example, there is some reason to believe that the effect of AFQT score would
not be linear, but rather linear in logs. That is, it is reasonable to hypothesize that the
effect of AFQT score is greatest among the middle range of scores and that changes in
AFQT score at the extreme upper and lower end of the AFQT scale would make little
difference. Entering group AFQT score in log form (as the mean of the logs of the
AFQT scores of the three soldiers) produced results that differed very little from those
produced using the actual AFQT score, however. We also examined multiplicative
effects of AFQT score (measured as the log of each individual AFQT score). None of the
alternative models provided significantly improved predictability or added inter-
pretability compared to the baseline model using mean group AFQT score. We there-
fore concluded that, at least in the range of AFQT scores of soldiers we tested, the effect
of AFQT score appeared to be linear and that by entering AFQT measures linearly, we
would avoid the additional complexities of interpreting the results that would be intro-
duced by log formulations.

23The chi-squares for the quadratic and member interaction models, compared to
the chi-square for the baseline model using average AFQT score, were 0.32 (n.s.) and
0.19 (n.s.), respectively, based on log likelihood ratio tests.

24A given person is regarded as high-aptitude if his AFQT percentile score is 50 or
above-a definition commonly used by the military services and Congress.
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Table 3.7

Regression of System Operation and Number of High-Aptitude
Personnel

Standard Chi-

Variable Coefficient Error Square

Number of members in categories I-lIIA 0.346 0.146 5.570

Test population (unit members) 1.605 0.522 9.47*

Number of members using equipment 0.436 0.278 2.46

Average age of operators -0.091 0.057 2.58

Number of high school graduates 0.022 0.250 0.01

Any Reservists in group 0.258 0.285 0.82

Number of males 0.111 0.180 0.38

Number of whites 0.155 0.148 1.10

Test regimen (relay in system 2) -0.507 0.275 3.40

Intercept -0.998 1.826 0.30

NOTE: Logit model used, based on 323 groups with complete data. Model sig-
nificant at p < .01 (chi-square = 27.6; -2 log L = 417.82). Asterisk indicates param-
eter significant at p < .05 (two-tailed test).

tions systems. An analytical issue remained, however, regarding our
pooling of results for AIT graduates and unit members.

Our models showed consistently that groups of unit members per-
formed better than groups of AiT graduates. We deemphasized direct
comparisons of performance between unit members and AIT gradu-
ates because unit members installed systems according to their unit
operating procedures, whereas AIT students followed the practices
adhering to the technical manual. There was a remaining issue,
however: whether the procedural and performance differences for
these populations called for separate regressions for modeling the
effects of AFQT score even though the standard was the same in both
cases-i.e., having test supervisors judge whether a system was
usable.

We conducted a number of additional analyses to explore this issue
and concluded that pooling was appropriate. We first tested whether
the variances of our outcome measure (successful system operation)
differed between the populations. No evidence was found that the
variances of the two groups differed (F = 1.01 with 239 and 84 degrees
of freedom). Thus, it is unlikely that across-group variation biased
the regression coefficients. In addition, when we estimated separate
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models for AiT graduates and unit members while holding constant
common measures of background and experience (average age and
number of whites, males, and high school graduates), we found that
the AFQT coefficients were nearly identical (see App. A, Tables A. 10
and A. 11).25 Finally, as a further test of the need for separate models
for each population, we examined a pooled model containing interac-
tion terms between test population and the other predictor variables
(see App. A, Table A.12). None of the interaction terms was statisti-
cally significant, and their inclusion did not improve the model's pre-
dictive power.26 We thus concluded that observations from both test
populations could be pooled and that the inclusion of a single term for
group affiliation adequately captured differences between these popu-
lations.

PREDICTIONS FROM THE MODELS

In an analysis of the type we conducted, predictions from the models
are often used to interpret results. Such predictions can be used to
compare subgroups of interest, e.g., differences in performance that
would be expected from groups whose average AFQT score falls
within different AFQT categories, such as category IIIA versus IIIB.27

Because AIT graduates and unit members differed in test procedures
and performance, we examined the relationships between AFQT score
and performance separately for these populations. Below, we first
discuss the predictions of performance we arrived at based on our
model using average AFQT score (Table 3.5).

251n these logistic regression models, b = 0.043 (0.015 standard error) for 240
groups of AIT graduates, whereas b = 0.042 (0.024 standard error) for 84 groups of unit
members (see App. A, Tables A.10 and A.11). Although the effect of average AFQT
score is statistically significant among AIT graduates, the coefficient for average AFQT
score among unit members does not reach the conventional significance level (p < .09).
We believe this result is due to the estimate having a larger standard error, which is
associated with the much smaller sample size for unit members. Given the similarity
of effects reflected in the AFQT score coefficients, we felt pooling was justified.

26Based on a log likelihood ratio test, chi-square = 4.41 with five d.f. (n.s.).
27Predictions from logistic regression models are more informative than simple

empirical relationships, because they show how performance varies with the parameter
of interest while controlling for values of other predictor variables. For example, when
we examined the simple point-biserial correlation between average AFQT score and
successful performance (r = 0.15, p < .01), the relationship appeared modest and unin-
formative as to differences in performance between the AFQT values of interest. As
will be seen, substantial differences in performance were manifested when predictions
were made for values of the parameter of interest while controlling for additional vari-
able, that influence the relationship between AFQT score and performance.
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Unit Members

Figure 3.1 shows the probability that a three-person group of opera-
tors from an active-duty signal battalion will successfully operate the
system for different average AFQT scores. The predictions were
made for each group individually, with all predictors evaluated at the
group's own value, except for aptitude, for which the midpoint of an
AFQT category was used. The probability of success for each group
was estimated using the logistic regression equation, and the average
probability of success was computed across all groups. At each value
of AFQT score examined, the result represents the expected probabil-
ity of success for the groups in the sample with all factors except av-
erage AFQT score held constant.

In Fig. 3.1, the change in performance that would be expected from
groups of different aptitude is the difference between the predictions
at each AFQT category midpoint. For example, the results of this
analysis suggest that for randomly selected groups of three unit
members, if the average AFQT score is at the midpoint of category
IIIA, 63 percent of these groups will successfully operate the system.
If the average AFQT score of the groups is reduced to the midpoint of
category IIIB, the probability of success will decline to 47 percent, a
reduction of 16 percentage points.
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Fig. 3.1-System Operation and Group Aptitude, Unit Members
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The predictions also indicate that if the average AFQT score of the
group rises from the midpoint of category IlIA to the midpoint of cat-
egory II, the expected probability of success will rise by 17 percentage
points (from 63 to 80 percent). For larger changes in AFQT score, the
performance differences will be correspondingly greater; for example,
between the midpoints of categories II and IIIB, the difference in per-
formance is estimated to be 33 percentage points. Thus, the model
predicts a sharp increase in performance as the average AFQT score
of the group increases across the range of the data.

Figure 3.1 also shows the estimated likelihood of success for groups
whose mean AFQT scores are at the midpoints of categories I and IV.
The differences appear very large, but caution should be exercised in
interpreting results for such groups. These predictions are extrapo-
lated from the model, with few groups in the sample actually found in
these categories.

AIT Graduates

The predicted performance for operator groups composed of AIT
graduates is shown in Fig. 3.2. Again, we see substantial differences
in predicted performance across groups of varying AFQT levels, simi-
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lar to the patterns among unit members. For example, among AIT
graduates, the modal mean group AFQT score is within category IIIA.
At that level, about 40 percent of groups are expected to succeed at
system operation. If the average AFQT score of the group falls to the
midpoint of category IIIB, however, we expect only 25 percent of such
groups to successfully operate the system, which is a drop of 15 per-
centage points. Note that stated in relative terms, this difference is
quite large-i.e., if the baseline rate is 40 percent and then drops by
15 points, the number of operating systems will be reduced by more
than one-third. These results suggest that variations in group AFQT
levels lead to very substantial differences in performance.

Predictions for High-Aptitude Members

Figures 3.3 and 3.4 show the predicted performance of groups of unit
members and MiT graduates based on the model (shown in Table 3.7)
that uses the number of high-aptitude members as the measure of
group aptitude. As can be seen in each histogram, as the number of
high-aptitude members increases, performance is expected to im-
prove. The magnitude of the difference is similar in both models.
Each high-scoring member added to the group increases the probabil-
ity of group success by approximately 8 percentage points. For exam-
ple, the model for unit members predicted that a group containing one
high-aptitude member will succeed in 55 percent of the cases,
whereas a group containing two high-aptitude members will succeed
in 63 percent. The expected difference in performance is similar for
AIT graduates (34 percent versus 42 percent, respectively).
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4. PREPARATION OF EQUIPMENT
FOR OPERATION

Thus far, we have been primarily interested in the effects of member
AFQT score on group performance in operating communications sys-
tems. H3wever, questions are frequently raised about how AFQT
score might affect individual proficiency on tasks required to operate
communications equipment. It is difficult to assess individual profi-
ciency in the group test because an operational communications sys-
tem is the product of group interaction. Performance at one assem-
blage depends in large part on performance at the others. The design
of our group test did not permit us to use the resulting data to exam-
ine how well each individual performed independent of the others.
We were fortunate, however, in being able to draw upon earlier re-
search at the Signal Center to examine the relationship between
AFQT score and individual proficiency on communications tasks.
This section presents results from our reanalysis of data collected in
previous research.

The data were drawn from two studies carried out by RAND in 1986
through 1988 to examine the effectiveness of a novel training technol-
ogy, interactive videodisc (IVD), for training communications opera-
tors in two occupational specialties.' The initial objectives of these
studies were to examine the training effectiveness of alternative
strategies for using IVD and similar training technology. The studies
applied principles of controlled experimentation to compare effects of
alternative methods used to train equivalent groups of soldiers. In
both, the effects of traditional hands-on equipment training (the con-
trol condition) were compared with the effects of a training regimen
using IVD (the experimental condition).

The studies involved members of two occupational specialties. The
first study dealt with MOS 31M; the subsequent study dealt with
MOS 31Q, Tactical Satellite/Microwave Systems Operator. Each
study used approximately 340 students who were participating in Ad-
vanced Individual Training (AIT) at Fort Gordon. The students were,
for the most part, entry-level personnel without prior military service.
Their AFQT scores at entry, along with other demographic and indi-
vidual characteristics, are shown in Table 4.1.

1For reports of these studies and detailed descriptions of their methodologies, see
Winkler and Polich (1990).
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Table 4.1

Characteristics of Trainees Participating in
Earlier Experiments

31M 31Q
Characteristic Students Students

AFQT category (percent)
I 3.6 2.4
II 31.6 43.6
IIIA 24.0 33.3
IIIB 36.7 20.4
IV 4.1 0.3

AFQT score, mean (s.d.) 56.8 (18.2) 62.2 (16.2)

Age (percent)
17-19 54.1 45.3
20-21 22.2 23.9
22-23 13.6 13.6
24 or older 10.1 17.2

Age, mean (s.d.) 20.4 (3.1) 20.5 (2.1)

Sex (percent)
Male 92.3 84.9
Female 7.7 15.1

Race (percent)
White 66.9 75.5
Nonwhite 33.1 24.5

Education (percent)
High school graduate 86.1 89.1
Nongraduate 13.9 2.6

Component (percent)
Active 100.0 80.2
Guard or Reserve 0.0 19.8

NOTE: Based on 338 31M and 336 31Q AIT students.

Because these studies employed rigorous experimental designs and
post-experimental performance assessments, and because we ob-
tained the AFQT score of each study participant, they provided the
basis for a subsequent analysis examining the effects of AFQT score
on performance. Below, we describe the relationship between AFQT
score and individual proficiency in each MOS, beginning with MOS
31M.

PRESET AND CABLING OF MULTICHANNEL TERMINALS

The first experiment evaluated the effects of IVD on student profi-
ciency when used as a device to supplement hands-on equipment
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training in MOS 31M. The experiment lasted seven months and cov-
ered 340 active-duty trainees who were assigned to one of two groups.
In this study (as well as in the subsequent study, conducted in MOS
31Q), the experimental and control groups were formed using a sta-
tistical randomization model developed at RAND that provides a close
match between groups on such factors as aptitude (AFQT score), edu-
cational background, demographic characteristics, and military expe-
rience.

2

The amount and type of training received by each group were care-
fully monitored, and the performance of each trainee was subse-
quently assessed using the REES. This study focused on the initial
steps of system operation, involving the preset and cabling of the
most prevalent type of multichannel terminal, the AN/TRC-145. For
this task, however, the REES was configured so that each node repre-
sented an independent terminal, and the performance of each termi-
nal was individually evaluated by the REES computer as the operator
concluded this specific task.

Using the computerized REES data, we analyzed individual perfor-
mance using a measure analogous to that used in our group test:
whether the trainee accomplished the preset and cabling task within
the allowable time standard (15 minutes). Of the 337 soldiers with
complete data, 183 (54 percent) completed the task correctly within
the allowable time standard. This outcome was analyzed using
regression models similar to those used in our analysis of group
performance. That is, we examined the effects of AFQT score while
controlling for differences in background (age, sex, race, education),
amount and type of training (hands-on or hands-on supplemented
with IVD), and REES test characteristics. 3 The means and standard
deviations of variables used in this model are shown in Table 4.2.

The results of our regression analyses, shown in Table 4.3, indicate
that AFQT score is statistically related to individual proficiency in
presetting and cabling the AN/TRC-145. 4  That is, individuals with

2The method minimizes the variance of contrasts between groups on specific vari-
ables of interest, e.g., AFQT score. For discussion, see Press (1987) and Polich,
Dertouzos, and Press (1986).

3These other measures included an indicator variable for the time of day in which
testing was conducted (code 1 indicated testing in the afternoon or night shift) and the
number of practice sessions on other assemblages in the REES facility provided to the
trainee prior to testing.

4Presetting and cabling are the initial stages of system operation. The full opera-
tion task is the job that was performed by the team members in the test of group per-
formance (see Sec. 3).
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Table 
4.2

Variables Used to Analyze Individual
Performance of 3lMs

Variable Mean S.D.

Task completed to standard (yes/no) 0.54 0.50

AFQT score 56.79 18.27

Training indicator (IVD) 0.51 0.50

Sex (male) 0.92 0.27

Race (white) 0.67 0.47

Age 20.41 3.09

Education (high school graduate) 0.86 0.35

Shift of REES test (prime shift vs. off
shift) 0.61 0.49

Practice time on REES before REES test
(minutes) 65.90 79.81

Number of hands-on training sessions 9.41 2.80

Number of soldiers tested: 337

Table 4.3

Regression Results for Terminal Preset Performance

Standard Chi-

Variable Coefficient Error Square

AFQT score 0.015 0.007 4.55*

Training indicator (IVD) 0.325 0.243 1.80

Sex (male) 0.452 0.44

Race (white) 0.045 0.269 0.03

Age -0.055 0.040 1.87

Education (high school graduate) -0.166 0.347 0.23

Shift of REES test (prime shift vs. off
shift) 0.025 0.243 0.01

Practice time on REES before REES
test 0.009 0.002 27.55*

Number of hands-on training sessions
on task 0.002 0.044 0.00

Intercept -0.444 1.225 0.13

NOTE: Logistic regression model used, based on 337 cases with complete data.
Model is significant at p < .001 (chi-square = 42.88; -2 log L = 421.80). Asterisk
indicates parameter significant at p < .05.
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higher AFQT scores are more likely than their lower-scoring counter-
parts to successful complete the presets and cabling of the assemblage
within the time specified in the REES performance guide.

Predicted values from the logistic regression model estimating the
probability of task completion are shown in Fig. 4.1. Again, we show
mean values predicted by the model for a sample of operators scoring
at the midpoint of each AFQT category. These estimates were
obtained by evaluating the logistic function using individuals' values
for all variables except AFQT score (the AFQT value at the midpoint
of each category was substituted). Thus, the results represent the dif-
ferences in performance that one would expect to observe based on
the models for individuals in the sample, provided all factors except
AFQT score are held constant.

As shown in the histogram, the model indicates that after controlling
for other factors, the likelihood of completing the task to standard
diminishes as AFQT score declines. For example, the results of this
analysis suggest that in a randomly selected group of students, if all
other factors are held constant, individuals scoring at the midpoint of
category IIIB will be less likely to complete the task than individuals
scoring at the midpoint of category HIIA (49 percent versus 54 percent,
respectively), which is a difference of 5 percentage points. The pre-
dicted difference among groups scoring at the midpoints of categories
II and IIIB is more dramatic-12 percentage points.

ALIGNMENT AND ADJUSTMENT OF RADIOS

Additional evidence on the relationship between AFQT score and in-
dividual proficiency was obtained in another RAND experiment, this
one with AiT students in MOS 31Q, Tactical Satellite/Microwave
Systems Operator.5 That study examined the effects of varying the

5Members of MOS 31Q install, operate, and perform preventive maintenance checks
and services and unit-level maintenance on tactical satellite, microwave/tropospheric
scatter radios, associated multiplexing assemblages, and related equipment (antennas,
generators, and communications security devices). Specialists are responsible for a
variety of equipment involving different principles of propagation. Unlike the
equipment used by MOS 31M, all of which employs line-of-sight, direct transmission of
radio signals, the equipment used by MOS 31Q employs line-of-sight propagation
(AN/TRC-138), tropospheric scatter (AN/TRC-112 or AN/TRC-121), or long-haul
satellite links (AN/TSQ-85A and AN/TSQ-93A).
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mix of training resources: one group of students received training in
a room containing a full complement of expensive tropospheric scatter
radio equipment; the other group received equivalent training in a
classroom where most (but not all) of the equipment had been re-
placed by IVD technology. Otherwise, the experimental method was
similar to that of the 31M study, including balanced assignment of
students to groups based on AFQT score and other individual charac-
teristics, assessment of the amount and type of training received, and
subsequent measurement of job-related performance.

This experiment, which lasted 11 months and involved 336 trainees,
focused on training students in how to align and adjust tropospheric
scatter (TROPO) radio assemblages. 6 It did not measure performance
in the REES facility, however, because the REES facility does not
contain the TROPO terminal set AN/TRC-121. Instead, the per-
formance of each trainee was assessed via a hands-on test based on
the 31Q soldier's manual for three relevant tasks (IF gain alignment,
AGC alignment, and squelch adjustment). The hands-on tests were

6TROPO radios are generally aligned and adjusted each time the equipment in the
communications shelter is prepared for operation, e.g., after movement in the field.
These two tasks are required to prepare the equipment for subsequent operation in a
communications system.
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administered by objective assessors that had been trained and moni-
tored by RAND, all of whom were unaware of the soldiers' AFQT
scores or the methods used to train the soldiers. For each test, the
assessors determined whether the trainee accomplished each of the
tasks within the specified Army time standard. 7,8

For the current study, we used logistic regression models to deter-
mine the relationship between individual AFQT score and the ability
to complete each task according to the Army standard, again control-
ling for differences in individual background and type of training re-
ceived. 9 The distributions of the variables used in the analyses are
shown in Table 4.4. The results of the logistic regression analyses,
shown in Table 4.5, indicate that AFQT score is a statistically signifi-
cant predictor of performance on two of the tasks-AGC alignment
and squelch adjustment-and a marginally significant predictor (p <
.07) on the third-IF gain alignment.

To interpret these findings, we estimated the probability of successful
task completion from the logistic regression equations in which AFQT
score is a statistically significant predictor of performance.

Figure 4.2 displays probabilities estimated from the regression of
AGC alignment for individuals at the midpoint of each AFQT cate-
gory.10 The model shows clearly that as aptitude decreases, perfor-
mance is expected to decline. For example, the model estimates that
the difference in the likelihood of correct alignment for individuals
scoring at the midpoints of categories IIIB and IlIA will be 8 percent-
age points. Similar results are seen for the model of individual pro-

7The tests proved highly reliable for analytical purposes, with Cronbach's alpha, a
measure of internal consistency, ranging from 0.80 to 0.95 over the three tasks. (See
Winkler and Polich, 1990, for details.)

BScheduling difficulties and the time required to conduct each test caused the
number of students receiving each test to vary. These analyses are based on the follow-
ing number of cases with complete data: IF gain (N = 323); AGC alignment (N = 296);
squelch adjustment (N = 286). Tested populations did not differ in terms of aptitude or
the other background variables used in the analysis.

9The predictor variables in these models were as follows: AFQT score, training
method (code 1 = IVD/equipment mix; code 0 = equipment only), number of training
sessions received on the task, age in years, and indicator variables for sex (1 = male),
race (1 - white), and component (1 f active duty). We also included dummy variables
to control for score variations attributable to the assessors.

10As in the logistic regression models presented previously, the function was eval-
uated at the individual's value for all predictor variables except AFQT score, for which
the value at the AFQT category midpoint was used as the individual's value. Results
were then averaged, and the probability of success was computed using the logistic
function.



43

Table 4.4

Variables Used to Analyze Individual Performance of 3lQs

Squelch
IF Gain AGC Alignment Adjustment

Variable Mean S.D. Mean S.D. Mean S.D.
Successful comple.

tion 0.34 0.47 0.41 0.49 0.83 0.38

AFQT score 62.16 16.17 62.16 15.87 62.99 15.69

Training indicator
(WVD) 0.51 0.51 0.51 0.50 0.51 0.50

Number of training
sessions 6.20 2.03 5.65 2.16 2.95 1.27

Age 20.51 2.08 20.56 2.08 20.61 2.08

Sex (male) 0.85 0.36 0.85 0.36 0.84 0.36

Race (white) 0.76 0.43 0.77 0.42 0.77 0.42

Component (regular
Army) 0.82 0.38 0.82 0.38 0.81 0.39

Number of cases 323 296 286

ficiency in squelch adjustment: as AFQT declines, so does the
probability of completing the task to Army standard. Though
students are more proficient on this latter task, the model estimates
similar relationships between student AFQT scores and the likelihood
of successfully completing the squelch adjustment to Army standard.
Moreover, the size of the difference is consistent with that found for
the model predicting performance at AGC alignment-i.e., 7 percent-
age points between individuals at the midpoint of category IIIA and
individuals at the midpoint of category IHIB.
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5. SYSTEM TROUBLESHOOTING

In this section, we return to describing our evaluation of the perfor-
mance of 31M soldiers interacting as a group in the REES facility, as
described earlier, in Secs. 2 and 3. In this case, however, our analyses
were aimed at assessing the link between aptitude and the ability of
the group to troubleshoot an operating communications system that
malfunctions and becomes disabled. We describe the test procedures
first, followed by the estimated effects of AFQT score on group success
in troubleshooting.

TESTING PROCEDURES

After completing the test of their ability to operate a communications
network using the ANITRC-145, soldiers were tested on their ability
to troubleshoot malfunctions introduced into the communications sys-
tem. The configuration was the same as in the operations test: two
12-channel systems connecting the person at the "control terminal"
(terminal A) and the person at the "distant end" (terminal B), with a
relay located in each system. Also, as in the system operation test, in
one system (system 1) the relay was set to "override"; that is, the re-
lay in that 12-channel system was unmanned, with the REES com-
puter filling in for the absent relay operator. In the other system
(system 2), the relay was operated by the third person in the test
group.1

The REES can mimic the symptoms of a wide variety of malfunctions.
In the field or in the REES, a soldier identifies a fault by performing a
series of standard checks of his equipment, using a troubleshooting
manual to determine the cause of any symptoms observed. In the
field, the corrective action may consist of (a) repair or replacement of
the faulty part by the operator or (b) referral of the equipment to
higher-level maintenance. The nature and complexity of the fault de-
termine which course of action is called for by the troubleshooting
manual.

2

lWe distinguish between systems 1 and 2 in our discussion because the manned
versus unmanned distinction determines where the symptoms of some faults appear.

2The official job description of the 31M soldier includes this "repair or replace"
function for designated parts of the AN/TRC-145. Procedures established by
communications units in the field, however, may discourage or forbid repair or
replacement of any parts by the operators.

46
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In the REES facility, no parts are repaired or removed. The soldier
instead keys into the computer keyboard an alphanumeric code iden-
tifying the major piece of equipment with the malfunction, the mal-
function's cause, and whether on-the-spot repair or higher-level main-
tenance is appropriate. The troubleshooting manual used in the
REES is the same one used in the field, except for the inclusion of
these alphanumeric codes.

The groups of AIT graduates tested in troubleshooting were the same
ones tested in system operation, except when practical problems dic-
tated that a team be used for only one part of the test.3 A total of 239
trios of AIT graduates took the troubleshooting test. We also tested
personnel serving in four active-duty signal battalions, but those data
are not included here for two reasons: (1) the first-term soldiers in
the units we tested apparently had performed only very limited
troubleshooting, and (2) reliable data on the soldiers' troubleshooting
experience were lacking.4

During the troubleshooting test, each group of soldiers underwent
three separate trials. In each trial, the REES computer introduced
the symptoms of two separate malfunctions into the communications
network and the group was given 10 minutes to identify those
malfunctions.

The specific malfunctions were selected by signal subject-matter ex-
perts, who recommended the use of multiple faults as a way to make
the test more demanding for participants. (The malfunctions and
their symptoms, together with the trial and station involved, are de-
scribed in App. B.) No soldier's equipment had more than one mal-
function in any trial, and in each trial the equipment of one group
member had no malfunction. However, a soldier's equipment could
exhibit a symptom due to a malfunction elsewhere in the communica-
tions network. This symptom could be in addition to symptoms pro-
duced by the soldier's "own" malfunction, or it could be from the mal-
function of another soldier's equipment. The soldiers were not aware

3 For example, because the REES facility is closed during thunderstorms, a group
could complete its test in system operation and then have a thunderstorm prevent it
from taking its troubleshooting test. Also, from time to time a computer malfunction
resulted in the loss of data from a test group.

4The standard procedure in all four units from which test soldiers were drawn was
that a first-term soldier calls for the help of an NCO for all but the simplest
malfunctions. By unit policy, faults whose repair involves opening a piece of equipment
were referred to unit maintenance personnel (a different MOS) for repair, regardless of
whether the technical manual directs that the malfunction be repaired by an operator.
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of the number or location of the malfunctions in any trial; all that was
visible to them were the symptoms.

Once a fault was identified, the soldier with the faulty equipment had
to diagnose the problem and key the relevant codes into the computer
keyboard. A soldier might erroneously think a fault was present in
his equipment (usually because a symptom of a fault elsewhere in the
network manifested itself in his radio) and attempt to enter malfunc-
tion codes. These "false positives" did not count against the group; in-
stead, we focused on the correct identification of faults inserted in the
system.

Every malfunction used in the troubleshooting test had to be sepa-
rately inserted into the REES computer by the console operator. Any
malfunction not found by the soldiers within the 10-minute time limit
for the trial had to be "cleared" by the console operator before the next
trial. If it was not cleared, it would remain in the equipment, giving
the next trial an unintended, extra malfunction. This process opened
the possibility for console error, so we carefully examined the com-
puter records for all cases in which console error could have occurred.
Only trials in which both malfunctions were correct were included in
the analysis. Console errors occurred in 6 percent of our trials, caus-
ing 18 percent of the AIT graduate groups tested to have less than
three valid trials, as shown in in Table 5.1. We investigated possible
bias imposed by the invalid trials and concluded that there were no
such patterns.5

Table 5.1

Number of Valid System Troubleshooting
Trials for AIT Graduates

Number of Percentage of
Vald Trials Groups Groups

3 197 82.4
2 36 15.1
1 4 1.7
0 2 0.8

NOTE: Based on 239 groups of AIT graduates.

5The console operators did not know the AFQT scores of the soldiers being tested.
Nonetheless, we checked for correlation between console error and soldier AFQT score
and found it to be quite low (r = -0.06). We also used categorical tests to explore
whether teams with one or more invalid trials did better or worse on their remaining
trials than teams with no invalid trials. No evidence of bias was found.
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Characteristics of Personnel Tested

We were able to obtain AFQT scores and demographic data on all
three members of 187 of the 197 trios of AIT graduates that under-
went three valid trials during the troubleshooting test. These groups
formed the basis of the analysis. The characteristics of the individu-
als who composed these groups and the distribution of aptitude across
the groups are shown, respectively, in Tables 5.2 and 5.3.6 The
distributions of variables measuring aptitude, background, and
experience differ very little from those of the MIT graduates tested in
system operation. Again, the distributions of group aptitude and the
number of "high-scoring' members show substantial variability for
AFQT categories II through IIIB. The range of values of average
AFQT score for a three-person group of AIT graduates in our sample
was 34.3 to 90.3, with most groups (40 percent of the sample) having
average AFQT scores between 50 and 60.

Measures of Performance

In the troubleshooting test, there were originally two candidates for
the outcome measure: (1) success in identifying the malfunction and
(2) the time needed for successful identification. Early in the analy-
sis, however, it became apparent that time-to-find was an unsatisfac-
tory outcome measure. The relative paucity of cases in which the
faults were successfully identified made the analysis difficult because
of the small sample size. Further, comparison of the computerized
records with data kept on site by project personnel suggested that
other factors (e.g., typing skill) sometimes affected the speed and ac-
curacy with which a soldier entered the lengthy malfunction codes.7

The malfunctions chosen for the test were relatively difficult to iso-
late, and task difficulty was further enhanced by the presence of more
than one fault during each trial. These design principles were rec-
ommended by signal subject-matter experts as a way to ensure vari-
ability in the success rates among groups and to emphasize the im-
portance of teamwork to group success. The test proved quite difficult

6Measures of team background and experience used in our analysis of
troubleshooting performance were provided by the Defense Manpower Data Center,
supplemented as necessary by data from Fort Gordon student personnel files.

7The system operation test merely required the soldier to press a "task-stop" button
at the conclusion of the task. Thus, it is less likely that typing skill affected
performance in that test.
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Table 5.2

Characteristics of Individual
31Ms Tested in System

Troubleshooting

Percentage of

Characteristic Total

AFQT category
I 2.3
II 34.0
IIIA 24.2
IIIB 38.3
IV 1.1

Age
18-19 15.9
20-21 41.0
22-23 14.0
24-25 15.9
26 or older 13.1

Sex
Male 82.5
Female 17.5

Race
White 67.1
Nonwhite 32.9

Education
High school graduate 94.3
Nongraduate 5.7

Component
Active 71.8
Guard or Reserve 28.3

Pay grade
El 76.8
E2 9.7
E3 11.8
E4 or greater 1.7

NOTE: Based on 561 AIT graduates
who completed three valid troubleshooting
trials and for whom AFQT data were avail-
able.

for examinees: groups customarily identified relatively few (two or
less) of the six malfunctions introduced into their system, as shown in
Table 5.4.
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Table 5.3

Group Aptitude Distribution for System
Troubleshooting Test

Group AFQT Composition Percentage

Average AFQT score distribution by
category and mean percentile

I, 93-99 0.0
II, 65-92 24.1
IIIA, 50-64 55.1
IIIB, 31-49 20.9
IV, 10-30 0.0

Number of members in AFQT categories
Three I-IIIA personnel 24.1
Two I-IIIA personnel, one IIIB-IV 39.6
Two or more IIIB-IV personnel 36.4

NOTE: Based on 187 three-person groups of AIT gradu-
ates who completed three valid troubleshooting trials and
for whom AFQT scores were available.

Table 5.4

Group Performance in System
Troubleshooting

Faults Correctly Percentage of
Identified Groups

0 12.8
1 26.7
2 29.9
3 22.5
4 8.0

Mean number of faults correctly identified: 1.9

NOTE: Based on 197 groups of AIT operators
that had three valid troubleshooting trials. No
group correctly identified more than four faults.

ANALYSES OF GROUP APTITUDE AND PERFORMANCE

Modeling Approach

As discussed in Sec. 3, there are several plausible hypotheses regard-
ing how to represent group aptitude and how group aptitude affects
performance. In preliminary investigations, we explored modeling
approaches paralleling those used in our analysis of system operation,
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using regression analysis with demographic variables and the follow-

ing measures of aptitude:

"° Average Ar'QT score of the group.

"° Number of group members with AFQT scores in categories I
through IIIA.

"° Maximum or minimum AFQT score among the team members.

"° AFQT score of each individual examinee, identified by the soldier's
position within the communications net (terminal A, relay, or ter-
minal B).

"* Mean AFQT score of the two soldiers who had malfunctions in-
serted in their equipment in each trial.

Finally, as part of our preliminary regression analysis, we explored
the possibility that AFQT score entered equations nonlinearly and
examined other functional forms for representing group aptitude.
The results were consistent with those found in our analysis of sys-
tem operation. The average AFQT score of the group is a significant
predictor of performance in troubleshooting. The results of the analy-
ses suggest that the effects of individual AFQT scores on group out-
come are additive, even though most of the contribution to group out-
come on the troubleshooting task is made by the individual in the
relay position.

8

The final results presented here were based on an ordered polytomous
logit analysis, using as the dependent variable the total number of
malfunctions correctly identified by each group during three valid
troubleshooting trials.9 Polytomous logit with ordered outcomes has
advantages over both ordinary least squares (OLS) analysis and other
types of logit analysis.

8 1n addition to using AFQT score in various forms as a measure of aptitude, we
explored the explanatory power of three other ASVAB scores-EL, SC, and GT--that
are composite measures from the same battery of tests that produces AFQT scores.
The EL score is designed to measure aptitude for electronics repair, the SC score to
measure surveillance and communication aptitude, and the GT score to measure
aptitude for general technical tasks. We placed special emphasis on EL scores because
they are used to determine the eligibility of new recruits for MOS 31M. Regressions
using EL (and SC and GT) had lower measures of goodness-of-fit than did regressions
with AFQT alone; when both AFQT and EL were entered, AFQT was significant while
EL was not.

9 Dichotomous logit analysis is used when there are two possible outcomes,
polytomous logit analysis when there are more than two outcomes, and ordered
polytomous logit analysis when the multiple outcomes can be ranked from worst to
best.
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A scale of troubleshooting success could have been created by treating
the number of malfunctions found as if it were a continuous variable
and using simple OLS regression analysis. There would have been
problems, however, in constructing such a variable and analyzing it
using OLS regression. A continuous measure of troubleshooting suc-
cess assumes that values of the outcome variable occur at equal in-
tervals. For example, OLS regression would assume that finding four
"bugs" is exactly twice as good as finding two. Our analyses showed,
however, that some of the malfunctions used in the test were far
easier to identify than others: the simplest fault was found by 64
percent of the groups tested, the hardest was found by only 19 percent
(see App. A). In addition, teamwork might be much more important
for identifying some malfunctions than it is for others. Thus, we felt
that the assumption of equal intervals over malfunctions, implicit in a
continuous measure, was less desirable than treating the dependent
variable as an ordered measure with discrete values, in which case
finding more bugs indicates "better" performance. Polytomous logit
with ordered outcomes accomplishes this objective.

Analytic Results

The results of the ordered polytomous logit analysis clearly indicate
that average group AFQT score has a statistically significant and pos-
itive effect on the troubleshooting performance of AIT graduates of
MOS 31M. Several demographic variables were included in the re-
gressions, as were two dummy variables. The first dummy variable
indicated whether the manned relay in the communications net was
in system 1 or system 2; the second indicated whether the AIT course
was the one in effect before or after January 1, 1989, at which point
the amount of troubleshooting training provided in the course was
modified.10

All independent variables were entered linearly in the logit equations;
the results of the logistic regressions are shown in Table 5.5.

The results of the logit analysis show average AFQT to be a statisti-
cally significant predictor of performance in troubleshooting. The av-
erage age of the team was also found to be significant: the sign on the

10The program of instruction in MOS 31M was modified to reduce the amount of
troubleshooting training provided in the REES facility during the twelfth week of
training. As this change in course syllabus did not affect system operation training, it
was not included in that analysis.
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Table 5.5

Regression of System Troubleshooting and Average
Group AFQT Score

Variable Coefficient Standard Error Chi-Square

Average group AFQT score 0.042 0.016 7.33*
Average age of operators -0.134 0.069 3.81*
Number of high school

graduates 0.502 0.315 2.54
Number of whites -0.147 0.167 0.77
Number of males 0.151 0.200 0.57
Number of active-duty members 0.055 0.169 0.11
Test regimen (relay in system 2) -0.931 0.350 7.07"
Course syllabus change 0.926 0.357 6.72"
Intercept 1 1.854 1.877 0.98
Intercept 2 0.238 1.877 0.02
Intercept 3 -1.101 1.875 0.34
Intercept 4 -2.768 1.885 2.16

NOTE: Ordered polytomous logit model used, based on 187 groups of AIT
graduates with complete data. Model significant at p < .02 (chi-square = 18.64;
-2 log L = 548.00). Asterisk indicates parameter significant at p < .05 (two-
tailed test).

coefficient indicates that younger teams perform better." The num-
ber of high school graduates on a team was found to be positively
related but not statistically significant (p < .15); sex, race, and com-
ponent (active-duty versus Guard or Reserve) were not found to be
significantly related to troubleshooting performance. Finally, both
dummy variables were significant: isolating the particular faults we
used was significantly more difficult with the manned relay in system
2, and the change in course content apparently improved team per-
formance in troubleshooting.'

2

When individual AFQT scores of soldiers at each position are entered
separately (in place of aggregate measures of group quality), the
results of the polytomous logit analysis, shown in Table 5.6, indicate
that the AFQT score of the soldier in the relay position is the major

11The use of a log formulation of age was also explored, as was estimation excluding
groups at the extremes of the age distribution. Both approaches yielded results quite
close to the ones reported in the test for linear, full-sample estimation.

12Given that the course syllabus reduced the amount of troubleshooting, this
finding is surprising. However, we noted that the course received additional attention
when the change occurred, and at about the same time, the Signal Center began to
more closely monitor results emerging from the study. Thus, the "course effect,"
though it improves the precision of the model, should be interpreted with caution.
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Table 5.6

Regression of System Troubleshooting and AFQT
Score by Position

Likelihood of Successful System Operation

Variable Coefficient Standard Error Chi-Square

AFQT score of terminal A operator 0.007 0.008 0.68
AFQT score of relay operator 0.028 0.009 10.35"
AFQT score of terminal B operator 0.008 0.008 1.03
Average age of operators -0.130 0.069 3.52"
Number of high school graduates 0.517 0.315 2.69*
Number of whites -0.134 0.168 0.64
Number of males 0.158 0.203 0.60
Number of active-duty members 0.103 0.172 0.35
Test regimen (relay in system 1) -0.988 0.353 7.83*
Change in course syllabus 0.911 0.360 6.42*
Intercept 1 1.608 1.908 0.71
Intercept 2 -0.029 1.909 0.00
Intercept 3 -1.391 1.908 0.53
Intercept 4 -3.072 1.919 2.56

NOTE: Ordered polytomous logit model used, based on 187 groups of AIT
graduates with complete data. Model significant at p < .02 (chi-square = 22.72; -2
log L = 543.92). Asterisk indicates parameter significant at p < .05 (two-tailed
test).

contributor to group performance in troubleshooting. Thus, we can-
not discount the alternative hypothesis (as we did in our analysis of
system operation results) that group performance is dominated by the
ability of one team member-in this case, the relay operator. We do
not have enough information to judge whether this finding was an ar-
tifact of our selection of faults or a result of the fact that relay opera-
tions are less well practiced than are terminal operations in the 31M
course, or whether AFQT score does indeed have a greater effect on
troubleshooting success in the relay position. We do want to note,
however, that all of the effects of individual AFQT score were positive
and appear additive. Moreover, the performance evaluated was the
group's performance, which from the commander's perspective is in-
distinguishable from the performance of any of the individuals in the
group. Thus, if operators are randomly assigned to the three posi-
tions in this network, or if the assignment of soldiers to specii'ic func-
tions by their AFQT score cannot be carefully controlled in wartime,
we think it would still be reasonable to predict group performance
from an aggregate measure of group aptitude.
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PREDICTED PERFORMANCE

Because the coefficients in ordered logit regression relate to the log of
the odds of achieving success, the magnitude of the effect of a change
in the value of an independent variable cannot be read directly from
the estimated coefficients and will vary with the level of the variable.
Therefore, instead of focusing further on the coefficient, we predicted
the probability of success for groups at selected levels of aptitude.
The process was the same one described in previous sections: for each
team in the sample, all explanatory variables except the variable be-
ing evaluated took on their actual values. The evaluated variable was
set at the same specified level for all teams. Then, the probability of
success for each group was estimated using the logit equation, and
the average probability of success across all groups was computed.
The process was then repeated using a second value for the variable
of interest. The difference in the two predicted probabilities was thus
the difference in the odds of achieving success given all the actual
characteristics of the soldiers in our model except for the variable of
interest.

Table 5.7 shows the average probabilities predicted from the model
that a group will correctly identify a minimum of one fault (or two, or
three, or four faults) given the coefficients estimated by our logit re-
gression. The rows report the predicted probability of identifying the

Table 5.7

Effect of Average Group AFQT on Troubleshooting
Success of AIT Graduates

Predicted Probability That Group Will
Correctly Identify

1 or More 2 or More 3 or More
Average Group AFQT Score Faults Faults Faults 4 Faults

Midpoint, Category I 97.1 97.4 66.0 28.9
Midpoint, Category II 94.3 77.5 49.4 16.7
Midpoint, Category IIIA 87.2 59.5 29.4 7.7
Midpoint, Category IIIB 77.5 42.9 17.4 4.0
Midpoint, Category IV 60.9 25.4 8.5 1.8

Actual value of average
AFQT score (mean = 58) 87.4 60.3 30.5 8.2
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indicated number of faults when a group is assigned all of its actual
characteristics except for average group AFQT score, which was set at
the score shown. The points chosen for evaluation here correspond to
the midpoints of successive AFQT categories (I, II, IIIA, IIIB, and MV).

To illustrate our results, we focus on the predicted probabilities that
groups with different average AFQT scores will correctly identify two
or more faults-the median score among the groups examined. For
AIT graduates, the chance of correctly identifying two or more faults
(out of a possible six) is predicted to be about 60 percent for groups
with an average AFQT score at the midpoint of category IIIA, which
is roughly the mean AFQT score for soldiers in our sample. If the av-
erage AFQT falls to the midpoint of category IIIB, however, the
chance of correctly identifying the same number of faults falls to 43
percent, a difference of 17 percentage points. The expected difference
between groups falling at the midpoints of categories II and IV is even
more extreme-35 percentage points.

These differences in troubleshooting performance are quite dramatic.
We discuss their implications further in Sec. 6.



6. SUMMARY AND CONCLUSIONS

To assess the relationship between the aptitude and performance of
signal operators, we analyzed the ability of groups and individuals to
operate communications systems and the ability of groups to work to-
gether to isolate faults in a malfunctioning communications system.
The results of our analyses show consistent and strong evidence that
AFQT score is a significant predictor of job performance.

Estimates based on our multivariate models show that performance
in system operation, an interactive task that determines the avail-
ability of communications in combat, is significantly related to the
AFQT scores of the operators in the network. The results of our
analyses show that after controlling for differences in group back-
ground and experience, average AFQT score is positively related to a
group's ability to establish a multiple-node communications system.
That is, groups with higher average AFQT scores are more likely to
succeed at this task than are groups with lower average AFQT scores,
and the latter are more likely to fail. In addition, the results indicate
that the larger the number of high-scoring members in the group, the
better the performance. These findings are true for both recent AIT
graduates and members of active-duty signal battalions.

The results of related analyses of the individual proficiency of MiT
graduates show consistent, statistically significant relationships be-
tween AFQT score and the performance of several duty-related tasks
required to prepare communications assemblages for operation.
Using data from earlier RAND research on AIT students at the Signal
Center, we found that the higher a 31M operator's AFQT score, the
more likely he will be to successfully accomplish the initial stages of
system operation (preset and cabling of multichannel terminals). And
the same is true for a 31Q operator of a tropospheric scatter radio:
the higher his AFQT score, the more likely that he will prepare his
equipment (i.e., perform alignments and adjustments) according to
the technical standards prescribed by Army doctrine.

Performance in troubleshooting a communications system is also sig-
nificantly related to the AFQT score of the operators in the network.
The results of our analyses show that after controlling for differences
in group background and experience, the average AFQT score of a
three-person group of AIT graduates is positively related to the
group's ability to isolate faults to the correct assemblage and
component. Groups with higher average AFQT scores, and groups
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with high-aptitude members in the relay position, find more of the
"bugs" that interfere with communications.

Altogether, these results support the conclusion that "smarter" com-
munications operators are better able to perform collective and indi-
vidual tasks related to their wartime missions. In general, the effects
are consistent and large. For example, our models suggest that for
communications system operation, the effect of lowering the average
AFQT score of a three-person group of unit members from the mid-
point of AFQT category IIIA (near current levels) to the midpoint of
category IIIB will be a decline of 16 percentage points in the probabil-
ity that the command-and-control system will be successfully estab-
lished. For AIT soldiers, the model estimates that the corresponding
decline in performance will be 15 percentage points. These are large
effects. Given baseline levels, such changes would reduce the number
of correctly operated systems by more than one-third.

For system troubleshooting, our models suggest similarly large rela-
tionships between member aptitude and a group's ability to isolate
malfunctions in communications systems. For example, our models
suggest a decline of 17 percentage points in the probability of identify-
ing two or more faults in a system (the median value) if the average
AFQT score of a three-person group of AIT graduates falls from the
midpoint of AFQT category IIIA (near current levels) to the midpoint
of category IIIB.

We found the relationship between individual aptitude and profi-
ciency to be smaller but consistent. The results of our analyses show
that for the tasks and equipment examined, the lower the AFQT score
of an operator, the greater the probability that assemblages will not
be installed and aligned to standard. For example, the models sug-
gest that if the AFQT score of operators falls from the midpoint of
category IIIA to the midpoint of category IIIB, there will be a decline
in performance ranging from 5 to 8 percentage points for each of the
three tasks examined.

Based on the results of these analyses, we are confident that the re-
lationship between the aptitude and job performance of enlisted per-
sonnel is consequential enough to affect the availability of battlefield
communications. Our findings are relevant across a range of tasks
and situations encountered by communications operators-for indi-
viduals preparing communications equipment for operation and for
groups establishing and maintaining communications links among
units. Moreover, our results for system operation show that group
performance depends on the collective aptitude of the individual
members and not on the ability of a single member. Because all



60

group members contribute and each additional higher-aptitude mem-
ber improves group performance, changes in the overall aptitude mix
could significantly affect the ability of communications operators to
perform their collective missions.

The improvement in communications capability attributable to higher
AFQT scores may be even more relevant during combat, when time
pressure is acute and additional personnel, equipment, and mainte-
nance support may well be in short supply. Thus, our results imply
that should accession standards be lowered, we could expect a de-
crease in the successful performance of similar communications func-
tions that provide command and control in wartime. The reduction in
successful performance that these data imply will result from lowered
AFQT standards should be considered in making budget and resource
allocation decisions.



Appendix A

ALTERNATIVE MODELS OF APTITUDE
AND PERFORMANCE IN OPERATING

COMMUNICATIONS SYSTEMS
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Table A.1

Regression of System Operation and Member Aptitude: Maximum
AFQT Score in Group

Likelihood of Successful System Operation

Standard
Variable Coefficient Error Chi-Square

Maximum AFQT score in group 0.020 0.009 5.04*
Test population (unit members) 1.713 0.522 10.77"
Number of members using equipment 0.454 0279 2.65
Average age of operators -0.118 0.058 4.18*
Number of high school graduates 0.064 0.250 0.06
Any Reservists in group 0.276 0.284 0.95
Number of males 0.043 0.175 0.06
Number of whites 0.128 0.150 0.73
Test regimen (relay in system 2) -0.476 0.274 3.01
Intercept -1.279 1.858 0.47

NOTE: Logit model used, based on 323 groups with complete data. Model sig-
nificant at p < .01 (chi-square = 27.15; -2 log L = 418.37). Asterisk indicates
parameter significant at p < .05 (two-tailed test).

Table A.2

Regression of System Operation and Member Aptitude: Minimum
AFQT Score in Group

Likelihood of Successful System Operation

Standard
Variable Coefficient Error Chi-Square

Maximum AFQT score in group 0.026 0.011 5.24*
Test population (unit members) 1.778 0.527 11.37"
Number of members using equipment 0.473 0.279 2.89
Average age of operators -0.078 0.057 1.89
Number of high school graduates -0.006 0.249 0.00
Any Reservists in group 0.291 0.284 1.05
Number of males 0.093 0.178 0.27
Number of whites 0.168 0.148 1.29
Test regimen (relay in system 2) -0.483 0.274 3.12
Intercept -1.797 1.919 0.88

NOTE: Logit model used, based on 323 groups with complete data. Model sig-
nificant at p < .01 (chi-square = 27.36; -2 log L = 418.16). Asterisk indicates
parameter significant at p - .05 (two-tailed test).
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Table A.3

Regression of System Operation and Member Aptitude: Average
and Maximum AFQT Scores

Likelihood of Successful System Operation

Standard
Variable Coefficient Error Chi-Square

Average group AFQT score 0.046 0.020 5.32*
Maximum AFQT score in group -0.004 0.014 0.10
Test population (unit members) 1.767 0.529 11.15*
Number of members using equipment 0.440 0.281 2.45
Average age of operators -0.107 0.059 3.36
Number of high school graduates 0.026 0.253 0.01
Any Reservists in group 0.253 0.287 0.78
Number of males 0.140 0.181 0.60
Number of whites 0.087 0.153 0.32
Test regimen (relay in system 2) -0.483 0.277 3.04
Intercept -2.351 1.930 1.48

NOTE: Logit model used, based on 323 groups with complete data, Model sig-
nificant at p < .001 (chi-square = 32.59; -2 log L = 412.93). Asterisk indicates
parameter significant at p < .05 (two-tailed test).

Table A.4

Regression of System Operation and Member Aptitude: Average and
Minimum AFQT Scores

Likelihood of Successful System Operation

Standard
Variable Coefficient Error Chi-Square

Average AFQT score 0.042 0.019 5.02*
Minimum AFQT score in group -0.000 0.016 0.00
Test population (unit members) 1.766 0.530 11.09*
Number of members using equipment 0.440 0.282 2.44
Average age of operators -0.111 0.060 3.41
Number of high school graduates 0.034 0.253 0.02
Any Reservists in group 0.255 0.287 0.79
Number of males 0.134 0.181 0.55
Number o' whites 0.083 0.153 0.30
Test regimen (relay in system 2) -0.479 0.276 3.01
Intercept -2.333 1.955 1.42

NOTE: Logit model used, based on 323 groups with complete data. Model sig-
nificant at p < .001 (chi-square = 32.49; -2 log L = 413.02). Asterisk indicates
parameter significant at p < .05 (two-tailed test).
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Table A.5

Regression of System Operation and Aptitude of Operator
at Terminal A

Likelihood of Successful System Operation

Standard
Variable Coefficient Error Chi-Square

AFQT score of terminal A operator 0.146 0.007 4.81*
Test population (unit members) 1.765 0.529 11.15*
Number of members using equipment 0.483 0.281 2.96
Average age of operators -0.101 0.056 3.23
Number of high school graduates -0.010 0.249 0.00
Any Reservists in group 0.272 0.284 0.92
Number of males 0.034 0.174 0.04
Number of whites 0.150 0.149 1.02
Test regimen (relay in system 2) -0.496 0.274 3.29
Intercept -0.880 1.816 0.23

NOTE: Logit model used, based on 323 groups with complete data. Model sig-
nificant at p < .01 (chi-square = 26.89; -2 log L = 418.62). Asterisk indicates
parameter significant at p < .05 (two-tailed test).

Table A.6

Regression of System Operation and Aptitude of Operator
at Relay Position

Likelihood of Successful System Operation

Standard
Variable Coefficient Error Chi-Square

AFQT score of relay operator 0.007 0.007 1.14
Test population (unit members) 1.656 0.518 10.23"
Number of members using equipment 0.482 0.277 3.05
Average age of operators -0.096 0.056 2.93
Number of high school graduates 0.014 0.248 0.00
Any Reservists in group 0.270 0.283 0.91
Number of males 0.031 0.175 0.03
Number of whites 0.192 0.146 1.73
Test regimen (relay in system 2) -0.511 0.273 3.52
Intercept -0.686 1.836 0.14

NOTE: Logit model used, based on 323 groups with complete data. Model sig-
nificant at p < .01 (chi-square = 23.14; -2 log L = 422.38). Asterisk indicates
parameter significant at p < .05 (two-tailed test).
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Table A.7

Regression of System Operation and Aptitude of Operator
at Terminal B

Likelihood of Successful System Operation

Standard
Variable Coefficient Error Chi-Square

AFQT score of terminal B operator 0.012 0.007 3.38
Test population (unit members) 1.695 0.517 10.73"
Number of members using equipment 0.433 0.277 2.44
Average age of operators -0.105 0.057 3.37
Number of high school graduates 0.056 0.249 0.05
Any Reservists in group 0.293 0.284 1.07
Number of males 0.041 0.175 0.06
Number of whites 0.180 0.147 1.50
Test regimen (relay in system 2) -0.484 0.274 3.14
Intercept -0.781 1.824 0.18

NOTE: Logit model used, based on 323 groups with complete data. Model sig-
nificant at p < .01 (chi-square = 25.41; -2 log L = 420.10). Asterisk indicates
parameter significant at p < .05 (two-tailed test).

Table A.8

Regression of System Operation and Member Aptitude with
Quadratic Term Included

Likelihood of Successful System Operation

Standard
Variable Coefficient Error Chi-Square

Average group AFQT score -0.115 0.106 1.17
Average group AFQT score squared 0.001 0.001 2.17
Test population (unit members) 1.753 0.529 10.96*
Number of members using equipment 0.408 0.280 .. 2
Average age of operators -0.121 0.059 4. t9*
Number of high school graduates 0.026 0.253 0.01
Any Reservists in group 0.287 0.290 0.98
Number of males 0.142 0.182 0.61
Number of whites 0.083 0.153 0.30
Test regimen (relay in system 2) -0.441 0.279 2.50
Intercept -2.331 3.662 0.41

NOTE: Logit model used, based on 323 groups with complete data. Model sig-
nificant at p < .001 (chi-square = 34.76; -2 log L = 410.76). Asterisk indicates
parameter significant at p < .05 (two-tailed test).
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Table A.9

Regression of System Operation and Member Aptitude with
Interaction Terms Included

Likelihood of Successful System Operation

Standard
Variable Coefficient Error Chi-Square

Average group AFQT score -0.277 0.215 1.17
Test population (unit members) 1.797 0.536 11.24*
Number of members using equipment 0.421 0.284 2.20
Average age of operators -0.112 0.059 3.62
Number of high school graduates 0.008 0.255 0.00
Any Reservists in group 0.261 0.291 0.81
Number of males 0.146 0.182 0.65
Number of whites 0.087 0.154 0.32
Test regimen (relay in system 2) -0.466 0.278 2.80
Terminal A/relay AFQT score

interaction 0.002 0.001 1.65
Terminal B/relay AFQT score

interaction 0.002 0.001 1.63
Terminal A/terminal B AFQT score

interaction 0.002 0.001 1.76
Three-way AFQT score interaction -0.000 0.000 1.15
Intercept 4.794 4.873 0.97

NOTE: Logit model used, based on 323 groups with complete data. Model sig-
nificant at p < .001 (chi-square = 35.81; -2 log L = 409.70). Asterisk indicates
parameter significant at p < .05 (two-tailed test).

Table A.10

Regression of System Operation and Group Aptitude:
AIT Graduates Only

Likelihood of Successful System Operation

Standard
Variable Coefficient Error Chi-Square

Average AFQT score 0.043 0.015 7.57*
Average age of operators -0.170 0.076 5.02
Number of high school graduates 0.164 0.305 0.29
Number of males 0.105 0.193 0.30
Number of whites 0.135 0.176 0.59
Intercept -0.352 1.957 0.03

NOTE: Logit model used, based on 240 groups with complete data. Model sig-
nificant at p < .05 (chi-square = 14.31; -2 log L = 310.29). Asterisk indicates
parameter significant at p < .05 (two-tailed test).
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Table A.11

Regression of System Operation and Group Aptitude:
Unit Members Only

Likelihood of Successful System Operation

Standard
Variable Coefficient Error Chi-Square

Average AFQT score 0.042 0.024 3.05
Average age of operators -0.027 0.010 0.07
Number of high school graduates -0.390 0.469 0.69
Number of males 0.328 0.470 0.49
Number of whites -0.073 0.295 0.69
Intercept -0.951 3.764 0.06

NOTE: Logit model used based on 84 groups. Model not statistically significant
(chi-square = 4.84; -2 log L = 107.72).

Table A.12

Regression of System Operation and Member Aptitude with Test
Population Interaction Terms Included

Likelihood of Successful System Operation

Standard
Variable Coefficient Error Chi-Square

Average group AFQT score 0.040 0.016 6.57*
Test population (unit members) -1.318 4.481 0.19
Number of members using equipment 0.424 0.288 2.16
Average age of operators -0.190 0.078 5.95*
Number of high school graduates 0.341 0.324 1.11
Any Reservists in group 0.312 0.293 1.13
Number of males 0.105 0.195 0.29
Number of whites 0.141 0.180 0.62
Test regimen (relay in system 2) -0.545 0.282 3.73
Test pop./average AFQT score

interaction 0.005 0.030 0.03
Test pop./number of high school

grads interaction -0.683 0.583 1.37
Test pop./average age interaction 0.176 0.129 1.87
Test pop./number of males interaction 0.309 0.526 0.34
Test pop./number of whites interaction -0.085 0.359 0.36
Intercept -1.488 2.221 0.45

NOTE: Logit model used, based on 323 groups with complete data. Model sig-
nificant at p < .001 (chi-square = 36.90; -2 log L = 408.61). Asterisk indicates
parameter significant at p < .05 (two-tailed test).



Appendix B

MALFUNCTIONS USED IN TESTING
TROUBLESHOOTING
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