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SUMMARY

Objective

The purposes of this effort were to study the current assessment of
team performance in tactical Command and Contro) (Cz) systems and to .
develop a prototype team assessment methodology.

Background

The Air Force uses tactical C? systems to *ask and manage theater
combat missions and responses to crisis situations. While current and
planned tactical Cz'systems are heavily dependent on the effective
performance of teams which operate the elements of these systems, tedm
performance has not been formally studied or kecognized as ¢criticall:
important. As a partial response to this situation, the Air Force Human
Resources Laboratory has begun a research program on tactical c?
teams.

The overall goal of this program is to improve the effectiveness of
- tactical €2 team performance. There are two aspects of this program.
First is the identification of variables that influence C2 team effec~
tiveness. Second is the analysis of methods (including training) that
can improve C2 team effectiveness. In order to begin this program, a
measure of CZ team effectiveness is needed.

The present study addresses this measurement issue.”” The purpuses

~of this project include: . (a)-identifying the current methods used-to — . .

assess tactical C2 team performance, (b) determining the characteristics
of a method that would be most appropriate to assess Cz/team/perfpr-
mance, and (c) developing a prototype team performance measure.

Approach

The research involved three steps. First, the literature on c?
units was reviewed, and site visits were made tu two tactical and one |
strategic 2 unit in order to get background on c? teams. The result of
the first step was the selection of two tactical 2 teams for intensive
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analysis. Second, personnel from these two teams were interviewed, and

. exercises in which the two teams participated were observed. This step

was used to identify critical individual and team tasks and to determine
the ways in which the teams are currently evaluated. Third, a team
'dimensions taxonomy that had been previously developed by the Advanced
Research Resources Organization (ARRO) was studied as the basis for
developing an assessment instrument. A prototype of the instrument was

' prepared, taking into consideration the characteristics of tactical C2

teams. Future research on the instrument was also proposed, including
studies needed to complete the development of the instrument, field test
it, and assess its technical adequacy.

Results

Conclusions. The following conclusions can be drawn about the cur-
rent evaluation of tactical c? teams:

e The most relevant evaluations are given during training
exercises in which an evaluator provides feedback about
performance,

¢ These evaluations are based on the expeftise and experi-
ence of thﬁ evaluator, since there are no formal stand-
ards for C< performance.

o These evaluations focus on outcomes (e.g., number cf
planes downed) rather than on behavior. Team interac-
tions are rarely explicitly evaluated.

® The assessments, during training exercises, are inten-
tionally non-evaluative.

® There are few evaluators relative to participants, so
that evaluators cften are unable to provide extensive
feedback to individual participants.

e Since much of the behavior during the exercise is verbal,
an evaluator must be able to listen to individual conver-
sations in order to evaluate this aspect of perfor-
mance. Under exercise conditions, this type of
evaluation is not feasible.

¢ The ultimate purpose of tactical c? team assessment is
the determination of the readiness of these teams for

war. At this point, there is no methodology that can
provide this answer.

ii




Scme other conclusions can be made based on this research:

@ The tactical C2 environment is very complex and, there-
fore, requires complex and sensitive assessment proced-
uras.

o Most tactical c2 teams do not perform their ¢ function
except during training exercises.

9 During ererciaes, Air Force personnel with a wide range
of tactical C® experience participate.

® Most training provided to tactical C2 participants is

given during and in preparation for exercises.

Development of a model of team effectiveness. As a foundation on
which to develop an improved assessment method, a conceptual model of
team effectiveness was prepared which includes productivity, motivation,
and operational readiness. Productivity is defined in terms of the
outcomes defined by Air Force experts as the purpose or objective of the
team. Currently tactical C2 teams are evaluated using these outcomes,
including percent of aircre“t identified within standard time limits and
number of enemy aircraft destroyed. Motivation is the ability to
en2rgize behavior., Motivation is the least well-conceptualized
component of team functicning; because of this, it was not a focus of
analysis in this research, Operational readiness involves individual

abilities and knowledges, and team coordination and maintenance. The
Tatter component is the element of the evaluation model that was of
greatest interest in this study.

Team coordination and maintenance are defined as team functions,
In a previous ARRO study (Nieva, Fleishman, & Rieck, 1978) an initial
taxonomy of team dimensions was prepared. In later research (Shiflett,
Eisner, Price, & Schemmer, 1982), the taxonomy was revised and rating
scales measuring the dimensions were developed. During observation of
tactical C2 team berformance, the usefulness of the revised taxonomy was
studied. It was found that all of the dimensions defined in the
taxonomy could be observed. 1t was also determined that two additional
functions need to be added: system monitoring and procedure mainten-

ance,

114




. Prototype assessment methodology. Although the team functions
could be observed. it was concluded that the previously developed team
functiqn rating scales could not easily be used for assessing the per-
formance of tactical €2 teams. A possible revision was developed which
includes simpler ratings of each function: occurrence, time of occur-

rence, and reactivity.

Recommendations. In order that the measurement device might %e
used for assessment, the following research needs to be conducted:

1. Further clarify the definitions of the team dimensions.

2. Develop definitions of the two hew dimensions identified
in the study.

3. Complete the revision of the rating scales.

4. Field-test the rating instrument to determine whether the
dimensions can be observed and how easy it is to use the
instrument. .

5. Determine the relative importance of the different team
dimensions for team effectiveness. This requires assess-
ing the dimensions against an independent measure of team
effectiveness which must be developed.

6. Using the scales to diagnose problems in the tactical c?
teams, develop strategies to reduce these problems. This
step will link the assessment instrument to the diagnusis
of team problems and to the prescription of strateg1es
for reducing the problems.

iv
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SECTION 1
INTRODUCTION

The Air Force uses tactical Command and Control (C¢) systems to
task and managc its combat missions and responses to crisis situa-
tions. Considerable resources and mqnagement attention have been
focused on this area in recent years. However, while current and
planned tactical Cz.systems are heavily dependent on team performance
for success, team berformance itself has not been formally studied or
recognized as a critical element in Cz effectiveness.

In order to address a number of sighificant unresolved issues in
this area, the Air Force Human Resources l.aboratory (AFHRL) has begur a
research and deselopment (R&D) program focusing on personnel performance
and training in tactical c? systems, Based on their fourdation research
efforts, AFHRL identified a number of major R&D issues critical to the
successful employment of tactical c? systems. These isctues include:
{a) team and c2 system performance and training; (b) human resources
impact on C2 system design and operation; (C) training and aiding
decision makers; and (d) team performance measures. The research
described herein addresses the last of these issues, although obviously
all of the issues are interrelated, and the impact of this research wil)
be felt in all of these areas. ' ‘

At the present time, the operational readiness and combat effect-
iveness of C2 personnel are measured using techniques that are largely
subjective and global in nature. These techniques have not been empir-
ically shown to btear a reliable relationship to effective team perform-
ance. No team measurés are available that clearly relate inadequate
team performance to its causes. As a result, it {s often difficult, if
not impossible, to take appropriate corrective actions based on
assessments of team performance. A sensitive index of team performance
is necessary for maintaining optimal levels of team proficiency.

This paper describes an effort that is the first step in a research
program having as its long-term objectives the identificaticn, develop-
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ment, and implementation of effective tools to be used for the assess-
ment of the performance of teams operating Air Force iastical c? Sys-
tems. As the initial effort in this progkam, its objectives were to
identify critical 2 team tasks and to develop a ,rototype procedure for
measuring the performance of tactical €2 teams. in carrying out critical
tasks. Two C2 teams were selected in order to accomplish the following:

1. Identify critical tasks performed by team members.

2. Identify critical team producis or outcumes.

3. ldentify and evaluate the methocs current1y used to eval-
uate the teams.

4. Develop a prototype of an improved assessment procedure.

5. Recommend further research to implement the procedure and

to study its usefulness.

In order to explain better the purposes of this research effort, an
introduction to tactical C2 teams is presented below. Additional intro-
ductory material is in Section II, including a discussion of theory and
research in the areas of team performance and effectiveness. This sec-
tion concludes with the development of some basic requirements for a c2
team assessment model, Section 111 describes a previous approach used
for assessing ¢2 team functions. Section 1V includes a description »f
critical tasks and outcomes in two tactical C2 teams. Section V
describes and evaluates the methods currently usad to assess performance
in tactical C2 teams and presents the prototype of an improved team
assessment procedure. Section VI provides a discusbion of theoretical
and methodological issues in ¢2 assessment and some |recommendations for
further research to implement and validate the propA
procedure,

sed team medsurement

The Nature of Tactical Command and Control (Cz) Yeams

In order to plan and task Air Force tactical misiions effect.vely,
a diversity of information must be quickly gathered, analyzed, integra-
ted and communicated to tne Air Force Component Commander who can then
make decisions and communicate the pians and orders to subordinate
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commanders. The tactical C2 sysiem plays a significant role in planning
and tasking, A tactical C2 system can be thought of as having four key

elements:

1. Command authority. Provides the central authority and
coordination of nurpose and determines how to use avail-
able forces to accomplish mission objectives.

2. Organization. Involves the structure by which informa-
tion is sent to the commander and through which plans,
priorities and directives are provided to the force.

3. Communication. Provides the inethods for the acquisition
and transmittal of data and plans. Communication pro- ‘
vides 1inks between the commander and the force and . |
betweer adjacent units.

4, Information. Supports the decision-making process by
originating and filtering énformation from a number of
sources. The key to the C° system is the effective and
rapid collection, processing and transfer of information
to the commander.

Training and Assessment of DPerformance in C2 Systems

Currently there are a few fully-staffed operational Air Force tac-
tical C2 systems in Europe and in Asia. Thera are no such units in the
United States; in this country two numbered Air Force-operated tactical
2 units are minimally staffed. The functions of these units are
primarily training rather than tactical c2 operations. During wartime,
these units will become the nucleus of expanded c? systems when other
Air Force personnel will be added (Short & Parson, 1981).

Preparation for wartime operations of tactical C2 systems requires
effective training of the personnel who operate the peacetime tactical
c2 units and of those augmentees who will be added 10 the units in
preparation for war. The Air Force currently trains the 2 unit members "
and the potential augmentees in large- and small-scale exercises in
which war conditions are simulated.

One important component of training (including the training of c?
personnel and potential augmentees) is performance assessment. Ir the
context of this project, performance assessment is the measurement of
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behavioral effectiveness. Performance assessment can be used in the
planning, conducting, and evaluating of training. It can involve the
identification of ineffective behavior and thus be used to identify
training;needg} During training, performance ass2ssment can be used to
monitor the appropriateness of the training process by determining
whether trainees are performing the correct behaviors. After training,
assessment of individual trainees’ pekformance can be used to provide
feedback. Feedback improves training by providing guidance to trainees
to revise their incorrect behavior, it increases tteir interest in the
training, and it leads to setting specific goals for performance (Bryan
& Locke, 1967; Holding, 1965; Wexley & Latham, 1981). Performance
assessment .can also be used to evaluate training by comparing behavicr
before and after training.

Performance assessment. Considering the importance of training for
tactical 62 preparedness, and the importance of assessment for training
effectiveness, performance assessment in tactical C2 systems seems a
useful topic of study. Performance in c2 systems can be evaluated from
three perspectives: the assessment of the performance of each
participant, the performance of teams of interacting persons, and the
performance of the system as a whole, including both personnel and
equipment. This research focused on the assessment of team performance.

Because of the role of interaction (especially communication).
between C2 personnel, the assessment of team performance in tactical c?
units is quite important. Tactical C2 systems require effective commu-

“nication. Centralized command is based on communication to the comman-
der of information obtained from diverse sources. Control involves the

- dissemination of the commander's decisions to individuals who commit and
assign aircraft and armaments to missions and targets. From this
perspective, tactical C2 systems operate using teams of interacting
personnel obtaining information, sharing information, and making decis-
jons. -

The assessment of team interaction can be used, along with the
evaluation of individual perfcrmance, to plan, conduct, and evaluate
training. Assessment of overall c2 systems provides additional informa-
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tion about the effectiveness of hardware, software, and other non-
personnel components of Cz.

Complexity of the assessment of 2 team;perfofmance. In order to
place the findings of this effort in persgective, the difficulties
involved in assessing c? team performance should be noted. Couducting
an effective assessment requires a standard of effective performance as
well as a procedure to compare observed performance to the standa, 4. |
Assessment is easier if the performance is simple, observable, clearly
correct or incorrect; if the situation in which the behavior occurs is
not distracting;'and if an observer has an adequate amount of iime for

observation and judgment. The assessment of tactical 2 team perform- .

ance s difficult because:

1. The assessment is of a team rather than of a single
individual; thus, more behavior must be observed and
evaluated. '

2. Much C2 behavior involves decision making. Such behav-
jors are difficult both to observe and to evaluate.

3. A significant amount cf behavior in c? s, stems involves
telephone communication. In order to assess communica-
tion, the evaluator must be able to listen to both sides
of ‘he communication. This proceduse requires extensive .
amounts of time, and knowledge of (¢ operations and
equipment.

4. TheAtactical C2 environment is complex, involving a num-
ter of people performing a variety of actions.

5. There are no stangard criteria of team performance for
either tactical C° teams. Most standards of effective-
ness are for the entire exercise. At this point, it has
not been possible to trace the overall effectiveness of
the exercise (in rates of enemy aircraft dowred, etc.) to
individual decisions, individual behaviors, or to team
actions.

In conclusion, the complexity of the tactical c? environment, the
number of persons to observe, the difficulties in observing critical
behaviors, and the lack of standards for effective performance all com-
bine to make assessment of tactical C2 team per formance difficult,




Current evaluation of tactical c? peksonnel performance. The eval-
uation of tactical CZ teams and their personnel occurs primarily duri.g
simulations and exercises that are conducted for the purpose of training

as well as for evaluation of the readiness of the unit. During these
simulations, an exercise controller or evaluator assists in the conduct
of the exercise, evaluates the effectiveness of the C2 team, and
provides feedback on performance. Such feedback is orten insightful,
but it is subjectively based on the expertise and experience of the
evaluator. Thus, although it might be quite valid feedback, it is
provided in an unsystematic and unstandardized manner. In fact, there
are no widely accepted standards for tactical C2 team performance.
Since the number of participants in an exercise far exceeds the number

~ of exercise evaluators, it is very difficult for the evaluation to

include a discussion of behaviors of individual participants. This may
be one reason why the evaluation focuses on outcomes (e.g., number of
planes downed) rather than on behaviors. In faci, almost all tactical
C2 team evaluations are based on outcomes of this type, in spite of the
fact that the outcomes are often determined by many factors in addition
to team effectiveness.

A typical training and evaluation scenario might go as follows. A
computer-based simulation of an international emergency, lasting
anywhere from 4 hours to 4 days, would be conducted either in one major
unit or, on a larger scale, involving a variety of geographically separ-
ated units. At each locatibn, a team of two or three evaluators assists

in the conduct of the exercise, and provides a certain amount- of feed--- - s

dack during the operation of the exercise in an effort to assist the
team for training purposes. Such assistance is a contamination of any
evaluation measures of team performance. This is not considered to be a
serious problem from an operationa' point -of view, since most evalua-
tions are conducted purely for the purpose of assisting a team to main-
tain operational readiness.

Once the exercise is over, a debriefing session is held involving

- all the members of the exercise; feedback on unit performance, and

occasionally on individual performance, is provided. The content of

10
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these debriefings appears to be totally unstandardized, and tn focus on
highly visibla performénce decrements. These performance problems are
almost always defined in terms of unit cutcomes and productivity
measures such as speed of identification of an aircraft, number of
aircraft destroyed, and whether hostile aircraft were able to penetrate
too close to a defined target area.

In general, there'apbears to ba very little focus on individual
behaviors or on the team component of the tactical c? system, It seoms
quite apparent, however, that exarcise participants need to share infor-
mation, coordinate, and check each other's performance, among many other
team-oriented processes, in order to assure effective performance. How-
ever, this aspect of C2 team performance appears to be considered in an
unsystematic fashion, or to be completely ignored. This neglect does
not stem from a lack of awareness of the relationship betwcen internal
team functioning and team productivity, but rather from the absence of a
model that relates team tasks and functions to thevovera1l team out-
comes. This lack of an effective model reiating individual perform-
ances, team functions, and team outcomes, is true not only of tactical
c? teams, but of team performance theory in general,

Importance of c2 team assessment. The availability of a method for
systematically evaluating tactical 2 team performance would be useful
for a number of reasons. From a practical view, the effectiveness of
“training, personnel placement, and hardware innovations can be deter-
‘mined only if the Air Force has an objective, valid measure of c? per-
sonnel performance.

The need for such a measure is particularly acute in view of the
fact that most tactiZa] €2 units are wartime units. -~ That is, they are
constituted and operational only during a state of emergency. The rest
of the time they do not exist except on paper. During an emergency,
these teams would be staffed by a small core of permanent cadre, and a
large number of mobilization designees. Although all personnel wi11
presumably have the proper training and background, their opportunities
to practice and maintain their skills are limited, especially in the
case of the mobilization designees whose full-time civilian jobs may

11
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have nothing to do with their C2 function. Because an emergency situa-
tion will require a unit to come up to speed ver. quickly with team
members who may not have an adequate amount ¢f practice, and with little
opportunity to practice their skills in a team settirg before becoming
operational,‘team level training for tactica]bc2 systems becomes partic-
ularly important. Effective feedback is an essential part of this type
of training.

The complex, fast-paced information transmission requirements of
tactical C2 teams require that team members not only perform their
individual skills well, but also be aware of how tc make the team func-
tion effectively as a team. These team functions, then, can be seen as
defining internal, process-oriented, team tasks that are as much a part
of the team productivity as the overall outcome-oriented measures of
team performance. The development of an assessment tool that provides
information and feedback on the effectiveness of team functioning will
be very useful for improving training and team perfcrmance.

Section II provides a more detailed discussion on the evaiuation of
team performance, and introduces a conceptual model for developing a
prototype evaluation methodology.

12




SECTION II
TEAM PERFORMANCE AND ITS EVALUATION

A brief summary of some o7 the teah research literature is presen-
ted in this section, in order to place the current study into a meaning-
ful context of theory and research as well as to provide a general
foundation for the prototype evaluation methodology developed in this
effort. Selective literature on the following topics will be
reviewed: team behavior.’team t-aining, team effectiveness, communica-
ticn, and assessment., More extensive reviews of these topics can be
found in Here (1976), Shaw (1971), and Bass (1982).

In discussing the team research literature, a distinction must be
made between a "group" and a "team." A further distinction must then be
made detween a tactical C2 team and other types of teams. A group is
any assemblage of individuals whu are connected to one another in some
way, although in much of the research literature this connection is
of ten very tenuous. A team, on the other hand. consists of individuals
who have very well-defined roles and functions and usually have a
clearly defined task or product which constitutes the major purpose for
the existence of the team. Laboratory groups, constituted for the con-
venience of the researcher, working on tasks that have nothing to do
with the researcher's interests, are good examples of groups that are
not teams. In recent years, researchers have become more and mure con-
cerned ahout the differences between such groups and task-oriented
teams.

Tactical €2 teams are similar tu other teams in that they have
well-defined roles and functions, and operate in a meaningful
organizational context, with a well-defined task or gual. As indicated
earlier, tactical c2 teams can be thought of as having four key
elements: (a) command authority, (b) organizational structure, (c)
communication, and (d) information. A1l teams can be described in terms
of whether they are similar to or different from one another on these
four dimensions. However, although most teams will have an identifiable

13




authority structure, as well as an organizational structure.'they may

~not be heavily dependent on communication in order to accomplish the

task, as are tactical c2 teams. In addition, information is an essen-
tial part of all open systems, including all teams, but many teams will
use the information purely for orientation and adiustment pufposes. The
tactical C2 team, on the other hand, uses information as its major raw
input resource, proc.sses it withir the team, and outputs it in a dif-
ferent form,

Tactical C2'teams can also be compared to teams in general in terms
of the basic tasks that must be pertormed. McGrath (1982) has categor-
ized team tasks according to four major processes: (a) the generation
of alternatives, (b) the choice amung &'ternatives, (c) negotiation, and
(d) execution. Implicit in this categosiza“isr is the assumption that
most teams have 3 predominant process. As wili be discussed in more
detail later, tactical c2 team tasks are notable in that all four
processes are present to a substantial extent. In general, tactical C2
teams are characterized by highly skilled personnel operating in a

_highly sophisticated, fast-paced, complex technological environment.

This can result in a great deal of stress, particularly if the team is
operating in a real-world emergency situation,

Team Performance and Team Characteristics

There has been a great deal of research on team characteristics and
team performance. Hare (1976) cites 6,037 references on groups and
teams in his review of the psychological literature on groups. A number
of issues have been investigated that are relevant tu team characteris-
tics and performance in the Air Force: individual vs. group perform-
ance, group size and group effectiveness, cohesiveness and group
performance, cnoperation and competition in teams, communicatiuns.in
groups, interaction patterns in grcups, individual member characteris-
tics in the group, and leadership.

In an extensive review of the literdature undertaken at the Advanced
Research Resources Organization, Nieva et al. (1978) make the following
substantive conclusions:

14




-In disjunctive tasks (in which group performance depends

upon at least one group member performing the task well),
size is positively related to performence (Anderson,
1961; Cummings, Huber, & Arendt, 1974; Goldman, 1971;
Ziller, 1957).

In conjunctive tasks (in which group performance depends
on all group members doing well), size is negatively re-
‘lated to performance (Frank & Anderson, 1971; Marriot,
1949).

The relationship between group size ard performance may

. follow an inverted U function for certain tasks. That is

to say, performance may increase as group size increases
only up to a certain point, beyond which group size has a
negative effect on performance (Buck, 1957; Moede, 1927;
Smith & Murdock, 1970; Taylor & Faust, 1952).

Group cohesiveness is positively related to group perfor-
mance only when group norms and standards are favorable
to high levels of performance (Berkowitz, 1954, 1956;
Goodacre, 1973; Grace, 1954, Martens & Peterson, 1971).

Intra-group cooperation, rather than competition, is pos-
itively related to group performance when the task re-
quires high levels of interdependence among group members
(Deutsch, 1949; Goldman, Stockbauer, & McAuliffe, 1977;
Miller & Hamblin, 1963; Swinth & Tuggle, 1971).

Inter-group cooperation, rather than competition, is pos-
itively related to group performance, although the
results are less consistent than those for intra-group
relationships (Goldman. Stockbauer, & McAuliffe, 1977;
Hammond & Goldman, 1961).

Communication has positive effects on the performance of

problem-solving and other unstructured tasks, but-has-———

negative effects on highly structured tasks {(Briggs &
Naylor, 1965; Cohe., 1968; Johnston, 1966; Naylor &
Briggs, 1965; Shiflett, 1972, 1973; Steiner & Dodge,
1956; Thibaut, Strickland, Mundy, & Goding, 1960).

Communication that is task-related improves performance,
but non-task-related communication impairs perfourmance
(Federman & Siegel, 1865; Johnston, 1966). (The distinc-
tion, however, may be difficult to make in real life.)

Homogeneity in personality and attitudes appears to have
favorable effects on team performance on relatively
structured non-cognitive tasks, whereas heterogeneity
appears to have favorable effects on unstructured, prob-
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10.

11.

lem-solving tasks. However, the effects of homogeneity
and heterogeneity also depend on the particular dimension
of personality or ability on which homogeneity or hetero-
geneity is measured ( Altman & Haythorn, 1967; Heweit,
0'Brien, & Hornik, 1974; Hoffman & Maier, 1961;
Shalinsky, 1969: Schultz, 1955).

Greups that are heterogeneous in ability appeer to per-
form better than homcgeneous groups on cognitive tasks,
when the average ability level in the group is cuntrolled
(Hi11, 1975; Hoffman & Maier, 1961; Tuckman, 1967).

Egalitarian disiribution of power tends to be positively
related to performance. However, the relationship
appears to be complex and is affected by personality,
task, motivation, and reinforcement vari.ables (Bass,
1963; Rosenbaum & Rosenbaum, 1671).

The following additional conclusions were drawn from research areas

outside consideratior of the Nieva, Fleishman, and Rieck (1978) review:

1.

Pairs of individuals and larger groups are usually more
efficient and productive than are individuals in solving
problems. The superiority is especially evident when
division of labor is possible, and when task performance
may be aided by checking. .Although group performance is
usually better than that of the average group member,
group performance is seldom better than that of the best
individual on the team,  Hare (1976) concludes that group
superiority may, therefore, result from the presence of

" superior individuals in the group (Anderson, 1961;

Beasley, 1958; Daval, 1967; Goldman, McGlynn, & Toledo,
1967; Lorge, Tuckman, Aikman, Spiegel, & Moss, 1955a,
1955b; Luchins & Luchins, 1961; Marquart, 1955; Schoner,
Rose, & Hoyt, 1974; South, 1927; Steiner & Rajaratnam,
1961; Vine & Davis, 1968; Zajonc, 1962; Ziller, 1957).

When problem-solving discussion meetings are observed

over a period of time, certain activity trends may be

noted. The group first collects information, then eval-
uates it, and finally presses for a decision (Bales,
%95;; Bales & Strodtbeck, 1951; Landsberger, 1955; Plank,
951). ’ '

Although a great deal has been learned about the func-

tions of leaders in groups, leadership styles, and situa-
tional determinants of leadership, those characteristics
and behaviors of leaders which result in subordinate sat-
fsfaction and team effectiveness have not been fully -

determined (Bales & Slater, 1955; Eagly, 1970; Fleishman,
1973; Gibb, 1962; Hare, 1976; Jaffee, 1968; Korman, 1965;
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Korten, 1962; Lewin, Lippitt, & White, 1939; Porter,
Lawler, & Hackmnan, 1975; Sales, 1966; Shaw & Blum, 1966;
Stogdill, 1950). ‘ :

When turnover is moderate and does not involve crucial
personnel, the effecte of changes in team membership are
not important (Forgays & Levy, 1957; Trow, 1964).

Fifty rercent of team performance variance 1s accounted
for by individual team member contributions (Comrey,
1953; Havron & McGrath, 1961; Rohde, 1958).

In normal operations, flexibility of operating procedures
increases grcup performance. Under stressful conditions,
the availability of different alternative behaviors ‘
reduces team effectivencss {Alexander & Cooperband, 1964;
Howell, Cristy, & Kinkade, 1959; Kidd & Hooper, 1959).

Interaction hetween indiviauals working on monitoring
tasks reduces performance (Briggs & Johnston, 1967;
Briggs & Naylor, 1364; Roby & Lanzetta, 1956, 1957). In
contrast, interaction often improves group performance on
problem-solving tasks ((Levine & Keatzell, 1971; Thibaut
et al., 1960).

Stress produced by information characteristics (load)
relates to performance of teams in task settings in
curvilinear fashion. While some siress is beneficiai,
both absaence of stress and excessive stress produce neg-
ative effects for cohesion and performance (cf. the sum-

- 'mary provided by Streufert & Streufert, 1978).

Environmental effects on team/tack performance have been
demonstrated by some researchers (e.g., Baum & Epstein,
1978). Whether or not the environment does affect per-
formance depends on task variables as well (cf., Streufert
& Nogami, 1979). Crowding has detrimental) effects, par-
ticularly when stress (e.g., combat) in restricted space
(e.g., tank crews) occurs during tasks requiring contin-
uous attention and team interaction.

This literature indicates that there is no consistent relationship

between certain variables (e.g., size, cooperation, communication, and

power distfipution) and group performance. Given these results, the

assessment of tactical €2 team performance must consider a wide range of

variable,, including the task, group size, communication, member abil-

ity, and operating procedures.
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Team Training

An area of research especially relevant to this effort is team
training. The early work in team training has been summarized by Briggs
and Johnston (1967) and Glanzer (1962). More recently, authors have
been pointing to serious problems of technology underdevelopment in team
training (Denson, 1981; Hall & Rizzo, 1975; Wagner, Hibbits. Rosenblatt,
& Schultz, 1967). Denson (1981) points out a major theoretical limita-
tion in team training studies. He concludes that team training
researchers have made little progress in identifying the behaviors and
skills that lead to more effective team performance. Failure to use
available educational and training technology, as well as failure to
resolve fundamental issues relating to team concepts and team perfor-
mance, has relegated team training to a state of questionable effect:ve-
ness.

In a recent review of team training, Meister (1976) offers the
following conclusions:

1. Individual training is superior to team training for
simple or only moderately complex tasks; team training
appears to be relatively ineffective in producing perfor-
mance beyond that resulting from individual operator
training.

2. High fidelity training conditions are important determin-
ers of operational task performance where fidelity refers
to equipment, procedures, or skill requirements; input
fidelity is more crucial than output fidelity.

3. Given incompatible criteria of system performance such as
speed and accuracy, teams will emphasize that aspect of
performwance about which they receive knowledge of
results.

4, Team training, like individual training, is affected by
task complexity. Training is, of course, easier and per-
formance superior on less complex tasks. Task organiza-
tion in team training is a less significant variable than
task complexity.

The Defense Science Board (1976), in a review of training in the

military, made two conclusions about R&D work on team training. The
first conclusion was that there had not been very much research carried

18




out on the .topic, considering the amount of team training in the three
military services and the amount of research on individual training.
The second conclusion was that much of the team training R&D was
mission-oriented and involved developing specific training courses and
team training devices (Havron, Burdick, Hutchins, & Backlick, 1954;
Havron, Lybrahd, & Cohen, 1944; Jensen, Tilton, & Anderson, 1958,
Tremble, 1978). | | -

Some studies on team training in the military are less specific to
" training a unit for a specific task. A number of studies in this
category concern the application of principles derived from individual
training to team training, including research on the similarity between
the training situation and the performance situation { Alexander &
Cooperband, 1965; Briggs & Johnston, 1966; Briggs & Naylor, 1965),
knowledge of results {Cockrell & Sadacca, 1971; Short, Catlon, & Klaus,
1968), and task complexity (Naylor & Briggs, 1965).

There are also some studies dealing with more basic questions about
feam training, including research on the relative effectiveness of team
and individual training (Briggs & Johnston, 1965; Kanarick, Alden, &
Daniels, 1971; Klaus & Glaser, 1960, 1965, 1968), the type of team
skills and team performances that might be improved with training
(Alexander & Cooperband, 1965; Federman & Siegel, 1965; Sidorsky &
Houseman, 1966), when to use team training (Alexander & Cooperband,
1965; Kanarick et al., 1971), and the evaluation of team training,
including work on the Army Training and Evaluation Program (ARTEP):
exercise and the Army's recently developed laser signal-based Realistic
Training Program (REALTRAIN).

The research on team training points to a central issue which the
present effort must address. As Denson (1981) states, team training
rests on the assumption that team output is something more than the sum
of individual outputs and that certain team characteristics and proces-
ses determine team effectiveness. He concludes that these unique
elements should be the focus of team training. However, thé_team train-
ing literature has not proven illuminating concerning the identification
or measurement of these team elements, It is necessary, in the present
effort, to begin to analyze these team variables.
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Team Effectiveness

Several techniques have focused on teams as a way to improve orgarn-
izational functioning. For example, psychologists involved in the
socio-technical systems approach, job redesign and job enlargement (cf.
Hackman, 1975; Thorsrud, Sorensen, & Gustavsen, 1976; Walton, 1Y/5) have
often used teams in their attempts to revise the technical and social
aspects of jobs. These researchers and consultants attempt to increasc
satisfaction and productivity by building in greater variety, discre-
tion, feedback, identity, and responsibility in jobs (Friedlander &
Brown, 1974). One method frequently used to improve jobs is to revise
the way work is allocated. 'Rather than having segmented work roles,
teams are developed. The team is given greater responsibility over its
work, and may control hiring, quality inspection, and certain mdnageﬁent
functions (Walton, 1975). In this approach, the team becomes the means
through which individua) jobs become enlarged and enriched. |

Team building (Dyer, 1977), in contrast, is a technidue for improv-
ing the effectiveness of existing work groups. Team development is a
general label for all the intervention strategies focusing on improving
the group's apility to analyze and solve the problems interfering with
its functioning, and may focus on establishing clear gcals, improv.ng
the quality of interaction among team members, and increasing clarity
about each member's role and responsibilities.

Survey feedback is a ccllaborative effort between a consultant and
organizational members to gather data about organizational processes,
analyze the data, interpret the data and plan techniques for change
(Beer, 1976). An important component of this process is the team meet-
ing to discuss the data. Such meetings between work group members have
been found to increase satisfaction with the feedback process and use of
the information gained (Klein, Kraut, & Wolfson, 1971).

Laboratory training uses groups as a means to increase self-
examination, experimentation, and sensitivity to the behavior of
others. Originally laboratory training was carried out with groups of
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strangers. More recently, the technique has been used with work groups

© s0 as to increase use of the new skills both at work and to focus on

group processes that promote team effectiveness (Buchanan, 1969; Morton
& Wright, 1964). '

In general, organizational effectiveness efforts are practitioner-

~ oriented and directly concerned with changing the organizations
~ (Campbel1, 1973). Much of the research concerns changes that have
_resulted from specific interventions (e.g., Campbell & Dunnette, 1963;

Nieva & Myers, 1979; Sherwood, 1971). The studies show that urganiza-
tional interventions, including those focusing on teams, can change
organizational functioning. However, research on the most appropriate
téchniques for handling specific problems and working in different types
of organizations has not yet been extensively carkied out (Burke, 1977).

The evaluation of team effactiveness is a coprex issue. A number
of basic questions on this issue remain unresolved. There is still
substantial disagreement about the appropriate criteria of effectiveness
to use (Campbell, 1977) and the nature of the cha}acteristics and

- processes of teams as distinct from the characterﬁstics and processes of

individual team members (Nieva, Fleishman, & Riec#. 1978).

The team effectiveness literature reflects al fieid that is primar-
ily pragmatic rather than research-oriented. The assessment tools that

"have bean developed by these psychologists depend%primarily on the

knowledge end skill of the assessor. Since lack of standardization is a
major problem with the current assessment of tactical c? units, the team
effectiveness literature will not provide much assistance concerning the
improvement of CZ assessment.

The literature may provide some insights concerning the use of
assessment results for team improvement. For example; Golembiew.ski and
Hilles (1979) describe the strategy for translating the results of a
survey into action. The procedures they cover include explaining survey
results, action planning, implementation of change, and evaluation of
results,
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Communication

Communication is a critical feature of the tactical € system and
its component teams. Communication is the means by which information is
exchanged. In order for the tactical c? system to plan and manage
combat effectively, information must be exchanged efficiently and
decisions must be transmitted quickly; both of these processes involve
communication, Any instrument that evaluates tactical C2 teams must
assess the communication among team members. The extensive literature
or communication in groups can provide background for the development of
this aspect of the assessment instrument.

Communication is defined as verbal interaction among team members,
which may vary in amount or in type. Amount of communication is a '
simple indicator of quantity, whereas type of communication refers to
the mode or content of communication.

Amount of communication. Research on the effects of amount of
communication on group performance generally irvolves two tybes of
tasks: problem-solving tasks typically found in small group research,
and vigilance-monitoring tasks.

Many studies show an overall positive relationship between communi-
cation and performance on & range of problem-solving tasks when the
performance measures used are quantity or quality. Shiflett (1972,
1973) compared groups that were allowed to interact to groups that were
not allowed to communicate in a crossword puzzle task, and concluded
that there was a positive relationship between number of words solved .
and communication between members.

Amount of communication had no relationship»with’performance. how-
ever, when time measures of performance were used. Levine and Katzell
(1971) showed positive relationships, using a quantity or quality indi-
vator of performance, but found no effects when time measures were
used. It appears, therefore, that in problem-solving tasks intra-group
communication does not slow down the solution process as one might
expect. Instead, communication within the group allows a better quality
solutipn to be generated with no apparent cost in time, |
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While communication appears to have positive effects on problem- f','
solving tasks, the opposite wac generally found among vigilance- /-
monitoring studies. In these studies, subjects were asked to mcnitor a o
screen and respond to certain patterns. These studies, which emerge
from team training literature, show negative relationships between
amount of communication and performance (Briggs & Naylor, 1965;

Johnston, 1966; Naylor & briggs, 1965). ‘ C

Task effects and amount of communication.’ The preceding discussion
shows that relationships between amount of communication and group
performance were affected by the task type (problem-solving vs. monitor- .
1ng) as well as by the performance measure employed (quantity and !
quality vs. time). In addition, it appears that amount of structure in
a task may account for some of the differences in the results obtained
by the studies. The problem-solving tasks which showed positive rela-
tionships between amount of communication and group performance are
characterized by a relatively low degree of structuré, compared with the
monitoring tasks which were highly structured and showed negative
communication-performance relationships. Several studies support this
hypothesis. Steiner and Dodge (1956) found that communication improved
performance in unstructured tasks but communication had no effect on
structured tasks. Also, Thibaut et al. (1960) found that intra-group
communication is especially critical with unstable task demand; the
concept of stability is closely related to structure.

Cne likely explanation for the moderating effects of task structure
on the communication-performance relationship is that tasks which have
low structure require more planning and coordinative efforts than do
tasks which have clear requirements. Communication in unstructured
situations, therefore, is likely to be necessary to achieve task
success, whereas communication in alkeady structured situations would be
superfluous to task interests. In support of this argument, Johnston
(1966), who found generally negative communication-performance relation-
ships, also found that non-task-related communications impaired perform-
ance. Similar results were reported by Federman and Siegel (1965). On
the positive side, Shure, Rogers, Larson, and Tassone (1962) reported
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that when groups were given an opportunity to plan their strategy on an
unstructured task, they performed better than groups not given this
opportunity.

Content of communication. Very few studies have investigated the

effects of types of communication within a group on nroup performance.
As previously noted, Federman and Siegel (1965) and Johnston (1966)
found that non-task-related communication retarded performance.
Federman and Siegel (1965) investigatea‘the different messages in com-
munication and correlated them with productivity in a helicopter team
submarine-tracking task. They found a positive relationship between
performance and increases in (a) activity (process) messages, (b) eval-
vative messages, (c) phenomenological ("what‘we'l] be doing") messages,
and (d) requests for information messages. Overall they found a
positive relationship between performance and information, opinion mes-
sages, and thinking messages, and a negative relationship between risk-
taking messages and performaﬁce.

Patterns of communication., Standard communication nets refer to

the pattern of communication wilhin the group that is permitted by “he

investigator. Although many forms of networks have been used by various \
researchers, the most frequently used networks include the circle (in ﬂ
which each member can comnunicate only with the member on his/her right

or left), the wheel (where each member communicates to a centralized

person), and the all-channel network (where each member can communicate

with every other group member). Typically, the studies used the common

symbol problem developed by Leavitt (1951). In this task, each member

received a different card containing several synbols, and the task was

to find the symbol common to all the cards received. Over half of the

studies used the common symbol task, although other problem-solving

tasks (e.g., business games and math problems) were also used.

Research about communication networks, mostly conducted in the 'Q
1950s and early 1960s, has declined in popularity in recent times.
Several extensive reviews have been written (Collins & Raven, 1968;
Glarnzer & Glaser, 1961; Shaw, 1964) about communication networks, and
the reader is referred to these for more information. The studies
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- discussed here are by no means an exhaustive compilation of the studies

conducted in the area, but are representative of the major trends in the

Many studies indicate that groups with all-channel communication
networks have better performance tnan do groups with wheel communication
networks. For example, Snaw (1958) found that groups with two-way
communication (a form of all-channel network) performed better than
groups with centralized wheel structures in problem-solving tasks. This
finding was replicated by Lawson (1965) using mathematical problems.
Groups with wheel networks, in turn, tend to perform better than groups
with circle communication networks. For example, Leavitt (1951) found
fewer errors in the performance of groups with wheel networks than of
groups with circle networks. Morrissette, Switzer, and Crannell (1965)
and Morrissette (1966) also found that performance by groups using the
wheel network had fewer errors and was faster than perforaiance by groups
using the circle network. -

Findings contrary to these general trends, however, have also been
reported by varous studies. For example, Christie (1954) reported that
groups in the circle network were able to reconstruct number lists
better than the all-channel network group. Likewice, Christie, Luce,
and Macy (1952) reported that the circle was more accurate than the
wheel or chain networks in a common symbol problem. Other studies
(e.g., Shaw, 1954) have reported no effects on performance attributable
to communication nets. '

Although .. small set of relationships has emerged in a fairly
stable and reliable manner, the results of much of the communication net
research are ambiguous and inconsistent. Findings appear to be extreme-
ly specific to the particular experimental situation involved. In addi-
tion, the effects of communication networks seem to be affected by a
number of variables such as organization, task difficulty and type of
problem. '

Because of the importance of information within the tactical c?
team, communication assumes a major role. The communication network is
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a simplified mode)l of interaction and thus cannot be applied directly to
studying tactical C2 team interactions. However, this literature indi-
cates that the pattern of interactions must be éxahined in order to
understand decision making in these teams.

The Assessment of Team Performance

A great deal of research has bzen conducted using small groups of
college students assembled for the purpose of studying team characteris-
tics. Such groups usually met for brief periods and performed tasks
that were simple (e.g., math problems, puzzles, writing essays), since
specialized training was not feasible. Under these conditions, team
performance was easily evaluated, either in terms of the number of
products produced, the number of correct solutions, or the speed of task
performance (see Bass, 1982, for a review of this literature). Because
of the simplicity of the tasks, assessment of group performance was
obvious, easy, and of little relevance to assessing real, rather than
experimentally created, groups.

Researchers who studied existing groups or groups in training were
faced with evaluating performance of more complex'tasks. Under these
conditions, the assessment of team performance has become more difficult
and more useful, However, it is not a well-conceptualized topic. As -
Denson (1981, pp. 28-29) noted, "The team performance measurement area
is not yet well defined and to some extent reflects the ambiguities
associated with the definition of the team itself, team behaviors, and
team functions."

One of the simplest team assessment approaches used has involved
general ratings of team performance, often in terms of the quality of
the team's product or the effectiveness of its performance (e.g., Bass,
Farrow, & Valenzi, 1979). A major problem with this approach is that
the goals of the team and the nature of its task are not adequately
considered in the evaluation.

Measures of performance of the system or the entire operating unit,
in contrast, do assess the degree to which specific team goals are met
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(nbermayer, Vreuls, Muckler, & Conway, 1974; Turner & Bard, 1972; Zophy,
1975). For example, Turner and Bard (1972) begin their discussion of
Airborne Warning and Control System (AWACs) assessment by describing the
major functions of the AWACS: reaction time (reduction in time to
receive and process information), coummand, Surveillance, control, and
communications. The assessment of AWACs is based on how effectively
these functions are carried out. For example, the follcwing are used to

‘evaluate the ability of AWACs to control friendly tactical aircraft:

the number and percent of friendly aircraft under operational control
per unit time, and the number and percent ~f tracks passed to ground-

based C2 elements,

Although the assessment of system performance is an advancement
over the global assessment of team performance, often this approach does
not differentiate among the contribution of individual team member
factors, team f;ctors, and the influence of equipment. For exémple,
Obermayer et al. (1974) identified types of flight maneuvers. Each
phase was separately assessed. Precise and objective criteria were
derived. However, using this elaborate, well-planned and highly auto-
mated approach, it is not easy to differentiate causes of problems:
*‘ndividual pilot error, ineffective crew interaction or aircraft failure
(although the latter could be determined at a later time).

Some researchers have made special attempts to differentiate anc
independently assess individual and team performance (Kaplan & Barber,
1979; Turney & Cohen, 1931). Turney and Cohen (1981), in an investiga-
tion of Navy team training activities, prepared a list of five team
tasks which were assessed separately from individual tasks. The team
tasks were transfer of information, timing, adequacy of communication of
information, leadership, and coordination.

A second major advance in the team assessment literature is the
improvement of the assessment format. A great deal of team assessment
uses general ratings of team characteristics (e.g., Bass et al.,

1979). The ratings are often vague; and little guidance is provided as
to how to assign ratings. One example of a procedure used to improve
this form of assessment was developed by Barber and Solick (1980).
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Their assessment instrument was a task rating scale which included

observable events to allow the evaluator tc judge whether a behavior did
or Jid not occur.

Recent Research on Teams

A careful scrutiny of the publication dates of the above cited
research on teams, as well as the many uncited sources upon which a
number of the summary statements are'based, would indicate that the vasf
majority of the research orcurred before 1970, ‘Even more noteworthy is
the fact that research on task-oriented teams (in contrast to laboratory
groups) has been very scarce since the late 1950's, when the military
sponsored a substantial amount of the work in this area. Although some
of that research made its way into the open literature, a large amount
was reported;in technical reports that were not widely distributed.

Team_groductivity. The lack of research on task-orientéd teams
during the paEt 20 years does not mean there was a lack of interest in
team tasks, team process, and team effectiveness. Attempts have been
made to relaté the type of task to team productivity, as well as
attempting toire]ate various internal group processes to team produc-
tivity. workgby Hackman and Morris (1975) represents an excellent

example of su?stantia]‘advances in the categorizing and understanding of i
team tasks an¢ team processes. Using their work as a foundation, L
McGrath (1982) more recently has developed a model of team tasks in *f-'

which tasks are organized according to their similarity or dissimilarity
along four critical process dimensions. Also during the late 1960's and N
early 1970s, work by Laughlin and his associates (Laughlin & Branch, -
1972; Laughlin, Branch, & Johnson, 1969) studied the compositional R
effects of team skills or team productivity, while Shiflett (1973) S\
studied the effects of division of labor on team productivity. A T
substantial amount of work has been done on the decision-making process BN
in groun contexts, and the work of Davis and his associates (see Davis, ) 1&
1973), particularly as these processes apply to juries, is noteworthy.

Also during this period, there were a number of advances in the
understanding of how individual inputs contributed to the overall team
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product. Steiner (1972) first brought together a number of different
models of team productivity, each reflecting different task characteris-
tics, which in turn affected the contributions of the individual
members. Shiflett (1979b), building on Steiner's approach, showed that
all of those models were really variations on a general model of produc-
tivity if internal task and organizational structures were considered tr
have a weighting effect on individual contributions. Recently, 0'Srien
(1982) has suggested that structural role thecry represents a useful
theoretical basis for estimating those weights.

McGrath model. Very little of the research and theory on teams has
focused on task-oriented teams that exist for extended periods of time

-in which team members get to know each other well. An example of one

theoretical approach to these teams is McGrath's (1982) task circumplex
model which attempts to show that various task types are systematically
related to each other when they are plotted in a two-dimensional
quadrant space (a circumplex). Each quadrant reflects one of four basic
processes: to generate alternatives, to choose alternatives, to
negotiate, and to execute. In the quadrant reflecting the generation of
alternatives there are planning tasks and creative tasks, whereas in the
quadrant reflecting choice among alternatives there are what he called
problem-solving tasks and decision-making tasks. In the negotiation
quadrant are conflict resolution tasks, mixed motives, and other
conflict-type tasks. Finally, in the execute quadrant are performance
and psychomotor tasks, along with contests, battles and other
competitive tasks. To assess the utility of McGrath's model in

understanding tactical C2 tasks, it is necessary first to locate a CZ'"’”'""'WW’”“'"

task in the two-dimensional "circumplex" space. It is immediately
apparent that C2 tasks contain components of virtually évery process.
Planning is an essential part of the task, particularly in allocating
resources Decision making would be recognized as critical; however,
the €2 task is also clearly an execution task since there is no doubi
that c2 tasks involve battles or competitive situations. Physical
resources are indeed being moved arohnd, and a successful team will
presumably have some left over at the end of the battle. Thus, although
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McGrath's conceptual model is a particularly useful step forward in the ;,;
understanding of processes in team tasks, it is quite clear that some, '
if not many, categories of tasks that exist in the real world are not ;;7 -
easily reflected in his model because they tend to be substantially more ’
complex than the typical single process found in most laboratory
research. | _ ' , ;"

Team training. Much of the Army's recent research on teams has
concerned training. In particular, training scenarios and evaluation : ;:)
techniques nhave been developed for infantry squads and tank crews. '
Their focus has been on developing realistic simulations utilizing laser
cignals from rifles and guns to indicate hits. Under the rubric ,f;;4~
REALTRAIN, several highly motivational simulations have been developed i ;:7"
and are now used with some regularity in the Army (Wagner et al., ’ ;
1977). : - : Vo

Hackman's research program., One of the few major team research
programs now underway is that of Hackman (1982). His strategy is to
develop an observation and interview questionnaire that will obtain as
rich, diversifie , and complete data as nossible on each team
obse¢-ved. Devele nt of the instrument, which he clearly defines as
prototypical and unvalidated, has taken over a year and the data
collection itself has been continuing for another year. After nearly 3
years of work on the project, Hackman still felt that he did not have
enough data to perform proper statistical analyses for validating and : *3:

revising the questionnaire,

Of particular interest in his research program is his insistence on S
narrowing the domain of observable groups to those which met three g' '
criteria: (a) they must be real, in the sense that they are perceived - T
so by members and that members are significantly interdependent and have SR
differentiated roles; (b) they must have a task to perform, thereby -
eliminating most social groups and clinical, counseling, and sensitivity
grouns; and (c) teams under observation must operate in an organization-
al context, thereby eliminating most of the laboratory research on e
teams. It appears that another 2 or 3 years will be necessary hefore L

meaningful findings will begin appearing. Although it is a broadly
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focused basic research program investigating many different aspects of
team functioning, the program includes a major component of performance
evaluation in .order to establish criteria against which to validate the
many research questions to be addressed.

ARRO's taxonomic research. Another important research program
currently underway is being performed by ARRO, focusing on development
of a taxonomy of team functions. This work is a part of that general
research program initially funded by the Army. The program began with a
major review of the-literature; reported in Nieva, Fleishman, and Rieck
(1978). That report attempted to integrate a diverse and disorganized
literature on team functions into the first theoretically based
tavonomy. There had oeen no integrative attempt of this type in the
prior literature, and the vast majority of the literature reviewed by

Nieva et al. was, in fact, not very useful and was not reflected in the
final development of the taxonomy. Much of the background research that
was applicable to developing the taxonomy came from the training
literature.

The second step in, that program was to take the taxonomy and
attempt to apply it in a real-life Army setting. This involved observ-
ing Army teams in training settings, and developing instruments designed
to assess the extent to which various functions occurred. This partic-
ular project is described in more detail -later in this paper, in con-
Jjunction with the description of the evaluation model.

Implications of Prior Research for C2 Team Evaluation

In spite of many years of research on the relationship between team
perfor yance and other factors in the team setting, only a handful of
relationships have been well established, It is only recently that
attempts to conceptualize systematically the relationships between tean
erfectiveness and other variables have begun to emerge with any prOmﬁse
of sheddjng light on the processes involved.

When trying to decide on how to evaluate tactical 2 team effect-
iveness, this lack of clearly established relationships between team
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characteristics and productivity or output becomes quite a serious
stumbling block. Standard productivity measures of tactical C2 teams
have at least two drawbacks. First, performance is often a function of
output measures that can only roughly be linked to the behaviors of any
team or individual, Second, true performance measbres can be obfained
only during actual combat situations. Consequently, alternative meas-
ures are obtained in training simulations and exércises which lack
certain elements of the reality of a true combat situation, especially
the high level of anxiety and stress that would accompany a real
emergéncy situation. For these reasons, performance measures, while
having some usefulness, are generally considered to be suspect in eval-
uating tactical c? team effectiveness.

Operational readiness may be more useful in understanding team
effectiveness. Operational readiness is defined as the sum of individ-
ual member ability and effective team interaction. However, the term is
not well-conceptualized or adequately measured;

From a training perspective, operational readiness is likely to be
a major,concerh, with attention foéusing on the development of a high
level of individual, task-related Ski]ls, However, the relationship
between individual abilities and team productivity is moderated by ‘
various team processes ("throughputs" in some systems terminology). The
authors contend that these team processes or functions are the major
component of operational readiness and constitute a proper concern for
team training and team evaluation. The evaluation model and methodology
to be developed in the next section is based on this premise.
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SECTION III
PRELIMINARY C2 TEAM PERFORMANCE EVALUATION MODEL

In developing a model for assessing and evaluating team effective-
ness, it is first necessary to determine what team performance criteria
form the basis of the evaluation. This statement reflects a major prob-
lem not well dealt with in the team reséarch literature. There is no

consistent agreement in the literature as to what does or does not con-

stitute team effectiveness (Hackman, 1982). Ultimately, of course, the
formally defined goal of the team is its product and, consequently, a
measure of its effectiveness. There are, however, two drawbacks to

relying on this criterion alone as the formal measure of team effective- -

ness. First, the team product is determined by a number of factors that
are often beyond the control of the team; for example, any environmental
or contextual factors which either hinder or help the team will
influence productivity. Availability of resources, quality of equip-
ment, and innumerable other factors can influence productivity. Second,
there are a number of other things which teams do and/or produce that
could be seen as intermediate productivity outputs which also may have a
strong impact on the final output. Failure to consider these intermed-
jate outputs can result in little or no real understanding of how teams
perform.

In the present effort, the approach to evaluating and assessing c?
teams will consider several components of effectiveness. Effectiveness
involves not only final productivity outputs but also intermediate
processes and products. The need for multiple criteria of team
effectiveness is apparent in view of the inappropriate productivity
criteria typically available on C2 teams, and because of the short life
span of many Air Force tactical 2 teams. Inappropriate productivity
criteria result from the fact thét outcomes are often dependent on mahy
factors external to the team and not under its control, as well as from
the -fact that most performance evaluations are based on simulations and
exercises that provide at best moderate approximations of genuine
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wartime scenarics. The short-lived nature of Air Force tactical €2
teams stems from the fact that they are formed and staffed only during
emergency situations or for training purposes. This means that there
will be no opportunity to gain effectiveness information on teams with a
history and/or an expectation of continuing as a team into the future.
It alsc means that ue 2 staffing wil? consist primarily of '
mobilization designees or other staff personnel whose primary work has
little or nothing to do with their tactical c2 functions. Thus, these
newly formed teams will be staffed by personnel who, although trained
for their roles by the Air Force, will have had few opportunities to
practice their skills, and almost no opportunity to work together with
the other individuals in the unit, as a team.

For these reasons, the authors propose a three-fold criterion of
team performance c.nsisting of productivity, operational readiness, -and
motivation. This approach stems from a model proposed by Stogdill
(1959). He suggested that a group or team is an open interaction system
in which actions determine the structure of the system, and successive
interactions have effects on the identit, of the system. Team structure
is used here in its broadest sense, to include personnel and physical
equipment in addition to roles and communication channels. This process
will be much more apparent in emergent tactical €2 teams than in
proceduralized teams, but the process is assumed to be always operating
in any team situation. In this context, then, the basic definition of a

team function is any action that creates, maintains, or changes the team
 structure,

Stogdill argued that there are three essential elements of team
productivity or, as he called it, team achievemeat: productivity,
morale, and integration. Stogdill defined productivity as the degree of
change in expectancy values created by group operations, but for
purposes of the present effort it will be defined simply as the formally
defined output or purpose of the team. Morale was defined by Stogdill
as freedom from restraint in action toward the goal. Stogdill's third

~element of team achievement was integration, the extent to which team
structure and operations are maintainable under stress. As Stogdill
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used it, integration is a rather complex concept related to socio-
emotional processes and to his suggested operational definition of group
cohesfon. For purposes of the present effort, the approaoh to the
concept of integration was simpler and less tied to socio-emotional
processes.

Three Criteria of Tactical C2 Team Effectiveness

By mod1fy1ng Stogdill's (1959) terms and definitions, to fit some-
what better a tactical C2 setting, the authors propose a model of team
achievement that consists of three criterion categorier’ productivity,
motivation, and operational readiness. Each of the criteria,represents

‘team responsibilities or goals which must be attended to in order for a

team to be successful,

Productivity is defined in terms of those outcomes defined by Air
Force experts as the purpose or objective of the team. Typical measures
of this criterion include percent of unidentified aircraft identified
within standard time 1imits, number of enemy aircraft destroyed, maximum
airspace penetration, etc. A1l of these reflect the ultimate productiv-
ity criterion: winning the battle. They are the primary measures of C2
effectiveness used by the Air Force. The existing productivity defini-
tions developed by Air Force command and training experts are reasonable
definitions of outcomes. However, they are global and proyide no

assessment of either individual or team performance.

Motivation has been substituted here for Stogdxll s morale concept,
since motivation is currently used more frequently to descr1be the abil-
jty to energize individual behavior, Broadly speaking, anything which
causes behavior can be thought of as a motivation, but here an attempt
was made to restrict the list of motivators to those under the control
of 2 command and staff personnel. Motivation is an essential team
function that must be performed by appropriate personnel in order to
develop and maintain effective teams.

Operational readiness describes the state of the team's physical
and personnel resources and the ability of team members to act in a
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coordinated, integrated way. Machine readiness criteria are welil '
defined, and many precise physical measures of readiness have been
developed over the years by Air Force engineers. Personnel resources
include skills, knowledge, and ability. The operations and training c?
staff are reasonably knowledgeable about the required skills,
knowledges, and abilities. Despite'this understanding, prediction of
performance is difficult since personnel can be expected to show
variability in the use of their skills from day to day as a function of
their physical, emotional and mental well-being.

Team readiness represents individual ability and the ability of
individuals to perform together as a team. This ability comes from at
least two sources: (a) the system procedures imposed by equipment and
standard operating procedures, and (b) the ability of individuals to
recognize what they are supposed to do and when they are supposed to do
it without any instruction. This ability comes about through training
together as a team. In even the most'highly proceduralized of settings,
this individual ability is essential; otherwise. timing and action
errors fnevitably occur. '

The essence of a smoothly functioning team, then, involves effec-
tive coordination of the activities of individual team members and the
ability to maintain such coordination over time. These are all skills
that can be defined as team functions. Effective team leaders or team
members will recognize that a part of their tasks includes maintaining
an effectively functioning team as well as performing their individual
tasks. T o e s e

The authors have decided to begin the development of a comprehen-
sive 2 assessment methodology by analyzing one component of team effec-
tiveness: team functions. Although team functions are only one aspect
of team effectiveness, it is reasonable to begin the development of a
comprehensive measure of team effectiveness by assessing this compo-
nent. Although they are not well-understood within the context of tac-
tical C2 teems, there is an extensive literature on teams that can be
used as a basis for conceptualizing team functions. Understanding team
functions should prove most useful for understanding and ameliorating
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problems in tactical C2 teams and for recommending procedural and
training remedies. The analysis of productivity indicates only problems

‘and not problem causes. Analysis of team functions allows the assessor

to understand the internal pracess that results in outcomes; analysis at
this level should be more useful for understanding the problems and
recommending changes.

This focus on team'functions does not mean to discount the
importance of the other elements of team effectiveness. They will be
integrated into the assessment picture in Section V, following a
description of the results of site visits made to observe operational C2
teams. , '

In summary form, the team effectiveness model c¢an be illustrated as
shown in Figure 1:

, Readiness Productivity
Inputs Throughput Qutputs
Personne] team skills

motivation

Performance
Materiel system characteristics
| e ————

system readiness

Figure 1. The team effectiveness model.
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Team Functions

Since the authors have decided to focus the tactical C2 assessment
on team functions, it is essential to identify, define, and categorize
these functions. The initial work of studying team functions was under-
taken at ARRO by Nieva, Fleishman, anJ Rieck {1978). They reviewed a
substantia] amount of literature with the goal of identifying perfor-
mance dimensions that made effective, synchronized work possible. Much
of their research focused on the team training literature and is
described in detail in their report. The result of their effort was the
development of a provisional taxonomy of team performance. i

Thosa authors also attempted to clarify the level at which the team
dimensions or functionc should be categorized. That is, how broadly or
narrowly should each function be defined? This involved distinguishing
between so-called "team-level" functions and the more specific tasks or
sub-functions characteristic of nearly any open system. One problem is
tha fact that the terms "function," "task," and "process" are often used
interchangeably in the human engineering literature. A further problem
lies in the intended application. For example, training and evaluation
needs may dictate uce of a substantially different set of functions than
those useful for a broadly based research project.

In order to avoid defining functions so narrowly that they become
inseparable from specific tasks, the research attempted to define func-
tions broadly enough that the:function involves a series of qualita-
tively different tasks or sub-functions. For example, in an open
system, a complefe transaction involves the input of information and
energy, the processing of the information, an action or implementation
phase, and a monitoring or feedback phase which results in the action
being terminated, maintained, or modified in some way.

A1l team-level functions were seen as potentially containing these
four elements: input, process, output, and feedback. Implicitly or
explicitly, the occurrence of a team-level function means that all of
these four processes have occurred, whether or not they can be directiy
observed.
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Team functions, then, serve to create and maintain a system in
which resources represented in personnel and equipment are organized to
match a specific task or mission. They are, in effect, recurring mini-
organizational processes which occur in both a planning phase and an
implementation phasé. Additional uses of the functions include altering
the organization of the team while it is in the process of accomplishing
its task, in order to adapt to Situation§ as they occur. Motivational
functions act to vary the degree of “energy" available to the team. A
team operates with a particular set of resources, but the actual amount
of work that can be accomplished is also a function c¢f the motivation of
team members. '

In a follow-up project at ARRO, Shiflett, Eisner, Price, and
Schemmer (1982) undertook to test the usefulness of the provisional
taxonomy developed by Nieva, Fleishman, and Rieck (1978) by observing
Army combat and combat support teams. Shiflett et al. made a number of
modifications to the taxonomy based on their observations, so as to
increase the consistency and breadth of the conceptual system und:. 'ying
the original taxonomy. The researchers were especially sensitive to
events and activities that did not seem to fit well into the then
existing categories. In addition, early experiences in trying to use
the taxonomy provided insights into its structure that‘initially were
not well elaborated. For example, it was apparent that a number of
processes could serve a general function, and that there is clearly more
than one way to organize a function taxonomy.

One of the first steps taken in revision was eliminating the organ-
izational scheme used in the provisional taxonomy. Functions were
originally organized into four categories: team orientation, team
organization, team adaptation, and team motivation. The primary probiem
with this particular organization of functions was that many of the
functions classified as organizational in nature could also be seen as
serving adaptation functions, and vice versa. bln other words, functions
were defined in the provisional taxonomy such that specific functions
could fit into more than one functional category. To eliminate this
probiem, the functions were revised into the following categories: team
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orientation, resource distribution, timing, response coordination, and
motivation. '

By recognizing the existence of task phases, it is possible to
create a taxonomy in which a relatively small number of team functions
are seen as likely to occur in all phases of the task, even though the
particular activity characterizing the function may vary somewhat in the
different phases. For the revised taxonomy, two general phases in the
accomplishment of any task were considered: the planning or organiza-
tional phase, and the implementation phase. It seems quite likely that
at sdme point in the future this dichotomous category system will have
to be expanded and more phases explicitly recognized. One phase, in _
particular, that may characterize most tasks but is not dealt with here,
might be called the reconsolidation or feedback phase, that would
normally occur at the end of the task. ]t is not considered further

here, because it is usually quite similar to the orientation or planning
phase for the next task.

In the section that follows, the functions in the taxonomy are
organized into five géneral categories: orientation, resource distribu-
tioh, timing functions, response coordination, and motivation. Each
function is described in detail, beginning with a conceptual definition
of the function followed by a description of how the function would
appear in each of the two basic phases of the task situation: the plan-
ning or organizational phase, and the implementation-action phase.

Where appropriate, there is a section describing distinctions between
two closely related functions.

The Team Function Taxonomy

The following section presents a detaiied description of the
revised taxonomy, which is summarized in Table 1, This is the taxonomy
that was revised -by Shiflett et al. (1982), and was the one initially
used in the present effort., Modifications in the taxonomy suggested by
findings in the present research are discussed later in the paper. In
general, each function description begins with the current working
definition and includes the original definition provided by Nieva,
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TABLE 1
Taxonomy of Team Functions

A.
) 1.
. | 2.
3.
4,
B.
1.
2.
C. Ti
1.
2.
D.
1.
2.
e

Orientation Functions

Informatior exchange regarding member resources and constraints
Information exchange regarding team task and goals/mission

Information exchange regarding environmental characteristics
and constraints .

Priority assignment among tasks

Resource Distribution Functions

Matching member resources to task requirements
Load balancing

ming Functions (Activity Pacing)
General activity pacing

Individually oriented activity pacing

Response Coordination Functions

Response sequencing

Time and position coordination of responses

‘Motivational Functions

- Development -of team performance norms - —
Generating acceptance of team performance norms
Establishing team-level performance-rewards linkages
Reinforcement of task orientation
Balancing team orientation with individual competition

Resolution of performance-relevant conflicts

From Shiflett, Eisner, Price, and Schemmer (1982)
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Fleishman, and Rieck (1978), where such a definition was available.
Following that are descriptions of how the function might appear in dif-
ferent team settings and in each of the two hasic mission phases--the
preparatory phase and the execution phase. Where appropriate, distinc-
tions between functions are discussed, including some of the difficul-
ties that were encountered in making these distinctions.

Orientation Functions .

- Definition: As defined by Nieva, Fleishman, and Rieck (1978),
Orientation Functions involve "the processes by which information neces-
sary to task accomplishment is generated an¢ distributed to relevant
team members." These functions are intended to instill and maintain
awareness of the overall status of the team. They may include informa-
tion exchanges regarding team tasks, goals/mission, member resources and:
constraints, environmental characteristics, and priority assignment 1
among tasks. “ ' i

In the preparatory phase, Orientation is prevalent in all activi- |
ties, but at times may be indistinguishable from informational activi- ﬁ
ties directed at planning for the execution or implementation of other
functions. The “orieﬁtation" may come as a by-product of the fact that
all team members are usually together during this phase, as in a formal
briefing period. In the éxecution phase, Orientation is usually ad hoc ‘
information which updates team members on the current status of the }
internal and external environments. :

The four Crientatibn subfunctions will now be discussed in turn.

1. Information Exchange Regarding Member Resources and Corstraints

Definition: This informational function serves to make team ‘
members aware of each other's rescurces and capabilities. It includes
exchange of information about team member status and resources such as
equipment and materials available for task performance.

In the Qregaratorz phase, this information exchange reflects fairly
stable and predictable attributes of team members (know1edges, skills,
and abilities)--attributes that are relatively constant acros. varying
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task environments. The information may also include messages about
physical resource availability and dependability. Knowledge of member
skills and abilities is often assumed from the amount of previcus train-
ing and experience a person has had in the existing task setting.
Characteristics such as dependability and reliability in getting the job
done, however, are more likely to become known after team members have
worked together for a period of time. Since this process is not always

visible with short-term observational techniques, additional information

on the function often needs to be obtained through interviews with team
members. This type of information exchange allows for a matching of
abilities to jobs on a more skill-specific and permanent basis.

In the execution phase, the information exchange reflects the
status of team members in a more spontaneous and emergent situation. It
includes messages abcut team members' ability or inability to continue
in their designated roles, availability for assignment to new tasks, and
capabilities as a result of conditions in the immediate task environ-
ment. This type of information provides messages about team member
status and thus contributes to group awareness of how members are faring
in emergent and unstable conditions.

In order for this function to occur in the execution phase, therc
must be a task envirnnment that allows for an exchange of information
(which is often verbal). Additionally, Information Exchange Regarding
Member Resources and Constraints may be facilitated by previous plans
for information dissemination., Rules such as how and when communication
should occur can be established.

2. Information Exchange Regarding Team Task and Goals/Mission

" Definition: This function involves disseminating and eliciting
information to establish and clarify exactly what the unit is to accom-
plish,

In the preparatory phase, this function involves specifying the
type of operation desired and the intended team actions. Information tc
provide a clear understanding of the overall plan is supplemented by
details about tasks and activities which the unit must undertake 1in
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order to achieve the tein mission. This function entails distributing
information and conducting discussion (including questions and answers)
to the extent that {t is necessary to clarify to the team members what
is to bo done. The objective is to provide team members with a cumaon
goal and an understanding of the role they are to play in accomplishing
the goal.

In the execution phase, this function is reflected in information
regarding the current status of the team's mission and specific tasks..
Changes in the task or mission as a result of emerging conditicns, as
well as "progress reports” on how the team is doing in accomplishing its
tasks in terms of both speed and quality, are also reflections of this
type of information excharnge.

This function requires an environment in which information exchange .
can occur--that is, one in which there is adequate time for discussion ' : .
to take place. The communication pattern or manner of distributing task
and mission information is a critical aspect of this function. For
‘example, factors such as which team members are involved in the informa- -
tion exchange session, and how many people or channels the information
is passed through, will affect the extent to which individuals have a
clear and comprehensive understanding of the unit mission and its

~ien

component tasks.

3. Information Exchange Regarding Environmental Characteristics f;,
and Constraints i

Definition: This is an information functiion serving to provide
team members with knowledge of situation-specific conditions and factors
that will influence the manner in which mission tasks are performed.
Pertinent information includes: (a) external support (resource avail-
ability, assistance, and reinforcement from extended teams); (b) opposi-
tion data (size, location, resources, characteristics, and expected
strategies of the enemy); and (c) environmental conditions (terrain,
boundaries, weather, visibility, and noise level).

This information, in addition to mission and task information,
allows team members to match plans with specific details of the situa-
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~ tion. It provides data to adapt mission plans and devise strategies to

fit conditions in the environment, thereby tailoring resources and
options to task demands. By giving team members an idea of what to

expect, special plans for performing in a restrictive work environment,

adapting to resource deficiencies, and capitalizing upon known advan-

tages can be made. As with most other information exchange functions,
an environment or situation conducive to information dissemination and
discussion is needed. h

In the gregaratorz'phase, this information exchange reflects the
best estimate of the current or expected situation. In the execution
phase, the information exchange reflects emerging changes in the situa-
tion and is often a prelude tn the occurrence of other functions
desiéned to adjust the team's manner of dealing with its environment,

4, Priority Assignment Among Tasks

Definition: This function involves adjusting a formal task/goal to
fit estimated or emerging restraints on resources and time. In this
function, the task or mission is defined or redefined not only to
reflect the mission as assigned from external sources but also to
reflect team capabilities. Resources and time are seen as being either
constant or beyond control, thus requiring the task or mission itself to
be the focus of the function.

Two types of prioritization are included:

1. Ordering of specific subtasks including those which
should be done without fail and those that can be com-
pletely eliminated due to lack of time or resources.

2. Altering the definition of adequate performance by prior-

jtizing qualitative aspects of a specific mission.

In the gregaratbrx'phase, priority task assignment entails estab-
lishing priorities of work (the importance of tasks) through clarifying
the relative order in which the tasks should be performed. This func-
tion may not be as visible as others, in that task priorities are often
standard operating procedures or are implicit. The functionAmay include
stating contingencies under which the necesSity to prioritize tasks
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arises. Such contingencies may be overload conditions such as insuffi-
cient manpower, time limitations, and environmental constraints neces-

- sitating the accomplishment of some tasks before others, or instead of

others.

In the execution phase, priority task assignment involves altering
priorities of work in response to the ongoing situation. Orders such as
“forget that for now" would be examples of adjusting task priorities in
response to overload or situational changes.

Resource Distribution Functions

Definition: Resource Distribution Functions focus almost exclus-
jvely on member resources and equipment and how they are distributed in
an effort to accomplish a task. A]though consideration of task demands
js involved, the task and other characteristics of the situation basic-
ally remain constant while resources alone are adjusted; This function
category may involve two subfunctions--Matching'Member Resources to Task
Requirements and Load Balancing.

1. Matching Member Resources to Task Requirements

Definition: This function is defined by Nieva, Fleishman, and
Rieck (1978) as "what is typically referred to as division of labor."
Its purpose is to distribute member resources in the task in such a way
as to maximize effective utilization of member skills. The end result
is a decision about who will do what. The basis for making the decision
‘is who, in terms of availability or by nature of the resources they
offer, are best able to perform the task in the manner necessitated by

exjsting conditions. If skill/resource assessment is not involved, then

the distribution of resources is a Load Balancing Function (to be dis-
cussed later).

In the preparatory phase, this function takes the form of eliciting
or confirming skills and assigning team members to specific positions.
This may include "dry run" testing to confirm the match. It may also |
include contingency plans where more than one position is identified as
needing some skill and vice versa. ‘
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L In the execution phase, the function may involve selective replace-
iji . ment or redistribution of skills/resources where matching of resources
- - ‘ with task needs is consciously considered. Depending on the urgency of
S the situation, this function may degenerate into Load Balancing (redis-
o tribution of resources regardless of a skill-task match).

o ; T '

Il] . Response contingencies which may determine whether or not the func-
E:Z tion occurs include the following:

N ) ‘

G:E A. Knowledge of member resources is related to prior

exchange of information about member resources and con-

" straints, an Orientation Function. Types of resources
considered under this function include: skills and
knowledge (especially job related); physical abilities
(e.g., speed, strength, endurance); traits or anticipated
behavior patterns (e.g., reliability, temperament, stress
response); and motivation. |

|

"2
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B. Equipment resources.

C. Knowledge of specific task requirements includes not only
tasks that must be performed, but also subtasks and the
specifics of accomplishing them, as well as the abilities
required for their successfu] completion.

ﬂff D. Availability of resources neéessary for achieving the

gD ‘match, including sufficient numbers of qualified and

B f . willing team members and equipment for the job.

iii , E. System of task assignment includes the climate allowing

A for a match of skills with needs regardless of rank and
b grade of performer,

.c". '

T . . P, . .

y:? : F. Avaijlatility of time for planning and decision making.

d

s 2. Load Balanci |

- . Load Balancin

o ? |

§§§ Definition: Load Balancirg involves adjusting member resources to
;fﬁ: task/goal requirements in such a way that there are adequate personnel
kﬁﬁ at all points in the system (i.e., for all subtasks)., The purpose of
g!! the function is to ensure that no subtasks are short of personnel while
E:% other subtasks are overstaffed. The function does not invnlve a sophis-
353 ticated matching of skills with task requirements, but focuses almost
:;:? exclusively on numbers of people on a particular job. Because of its
g;; relatively unsophisticated nature, the function tends to occur most
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clearly in an adaptive mode where quick, on-the-spot changes are neces-
sary during actual implementation of the tasks.

In the preparatory phase, Load Balancing takes the form of develop-
ing contingency plans regarding how and wher to redistribute resources.
No implementation actually occurs other than establishing cues, etc. In
other words, this is a planning function that involves anticipating
possible overload conditions through monitoring, and establishing plans
and prdcedures for dealing with the overload.

In the execution phase, Load Balancing is an adaptation process, in
that it occurs as a result of ongoing changes in the task/environment,
and_takes place as soon as the need is detected and the appropriate
activation cues occur. In most cases, it is a compensatory process in
which there is an effort to identify and deal with conditions that
constitute a task overload or the possibility of an overload situation
arising. The function includes mechanisms for identifying and detecting
overload, alerting team members to the situation, and responding through
changes in manpower allocations. The redistribution of personneT may be
temporary or permanent. Load Balancing can occur as:

A. A monitorirg activity that does not result in subsequent
actions because overload has not occurred.

B. Actively anticipating conditions that may result in over-
load situations and implementing changes to allay impend-
ing imbalances. -

~ C. _ldentifying and responding to existing overload symptoms
in order to correct the situation once it arises.

Overload or imbalance occurs in situations where a team member can-
not accomplish the tasks at hand or within his/her domain without a
change in existing conditions. In Load Balancing, the method of re-
sponding or coping with an imbalance or threat of overload is through
member assistance in performing the task (as opposed to eliminating the
task, which would involve the Priority Assignment Among Tasks Function).

An emergent situation in which a critical task arises without a
designated performer to accomplish the task may also constitute over-
load. One or all of the following factors may contribute to an overload
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situation which may, in turn, precipitate the activation of some adap-

tive function:

A.

Inherent task requirements such that the task(s) cannot

be accomplished under existing manpower arrangements.
These requirements include physical demands of the task
and task complexity/difficulty (where resource matching
functions are not a viable or selected response).

B. The volume or number of tasks to be performed (where task
prioritization or elimination is not a viable solution).
C. Time constraints on task accomplishment (where shortcuts

Response contingencies are factors and conditions which may affect
whether or not the Load Balancing Function will occur in response to
overload.

A.

B.

or omissions are not elected responses).

These contingencies include:

Awareness of the overload situation and knowledge of the
need for Load Balancing.

Knowledge of the appropriate response to overload (who
should do what) which may be determined by personnel
availability or may have been established by standard
op$rat1ng procedures, contingency plans, or predetermined
roles.

Availability of necessary resources and opportunity for

action (e.g., other task demands on the prospective re-
sponders; equipment needed for the task; external ob-
stacles to responding).

Task/situation criticality as determined by the possible

consequences of not responding to the overload--that is,

the tradeoff between reacting by Load Balancing and fail-

ing to respond to the situation. (Note that there is a
possible overlap of two or more functions here, with the
distribution decision also based on a priority assignment
decision within the scope of the Priority Assignment
Among Tasks Function.)

Desire/motivatioh to respond which is affected by the

interpersonal dynamics among team members, team unity,
morale, etc..

HA LB TTART L

Load Balancing must be distinguished from Matching Member Resources
to Task Requirements. Khile the latter involves matching team member
skills to task requirements, in Load Balancing a member-task assignment
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is based on availability. Often the distinction is not observable,

since in most intact teams all members have a common core of skills--

physical strength, basic military skills, etc.--and any team member may

lend his/her assistance to an overioad task. It is possibie that these

two functions may reflect differing degrees of a single function--for ~
example, a general resource/task matching function in which sophistica-

tion of the match increases from none (any warm body will do) to a

complex skill/task analysis. In this case, Load Balancing would repre-

sent the end of the scale where mjnima] matching occurs.

Timing Functions (Activity Pacing)

Definition: Timing functions involve time as a major component, o
and organize or coordinate resnpurces in a manner not possible without a-
chronological component. Activity Pacing is thc extent to which a team
changes the timing or speed of its task performance to facilitate the
team mission, This function is ciaracterized in Nieva, Fleishman, and
Rieck (1978) as "highly related to response coordination.* The purpose
of the function is to ensure that all individual activities are
completed in the time allotted. Two levels of pacing can be distin-
guished--General Activity Pacing and Individually Oriented Activity
Pacing.

1. General Activity Pacing

Definition: This function is oriented to the whole team--that is,
all team members increase their speed, maintain their speed, or decrease
their speed. It is designed (a) to maintain a working tempo such that
the task will be accomplished in the amount of time demanded by the
situation, and (b) to adjust the pace of work so that members will move
and perform at a compatible speed. This compatible speed is one at
which all members are able to operate as a unit without the work becom-
ing fragmented due to differences in speed of performance.

In the first condition, General Activity Pacing is a function that
- responds to task time demands. 1In the second condition, it is a measure
responding to different team member capabilities and a need for syn-
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chronized unit performance. For example, if member A cannot keep pace

with the unit (and other adaptive functions like Load Balancing and “ime

and Position Coordination of Responses are not selected responses), the i
work tempo will be reduced.

2. Individually Oriented Activity Pacing

Definition: This function is oriented toward a specific subset of
team members and is designed to speed them up or slow them down so that
they are operating in the same time frame. Both General Activity Pacing
and Individually Oriented Activity Pacing entail the following:

1. Monitoring to detect performance inefficiencies caused by

inappropriate work rates (rates that do not respond to

task time demands or that inhibit performance of the
group as a coordinated unit).

2. Information dissemination that will maintain or adjust
the rate of work.

3. Member response to cues/commands that serve to pace acti- : 1

vities. ; .

In the preparatory phase, Activity Pacing is seen in information %n
about when the task should begin, -at what pace it should occur, and

approximately when it should end. This information can include refer-

ence to specific environmental cues that help to determine the pace; \

such as daylight or battle noise. '

In the execution phase, Activity Pacing can be seen in commands or
requests intended to initiate, direct, or control the timing or speed of
- events (e.g., "start when I tell you"). Behavioral actions which re-
flect Activity Pacing involve any apparent adjustment in the speeé of \
task performance in response to a communication or a change in the situ-
ation,

Activity Pacing is distinguished from Load Balancing in that it }
involves no change in personnel or equipment distribution; it is simply |
concerned with timing and speed. It differs from Orientation in that
the information exchange contains a cefinite implication for action
rather than being simply a statement cf fact.
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Response Coordination Functions

Definition: Response Coordination Functions are characterized by
Nieva, Fleishman, and Rieck (1978) as functions operating in such a way
"that team member activities flow smoothly and do not interfere with '
- each other." The purpose of the.e functions is to ensure that individu-
al behaviors occur in the proper sequence, and in coordination with
other ongoing activities. Response Coordination'occurs’partiCularly
with tasks that cannot be accomplished independently, and that requ1re
the synchronized performance of subtasks and activities.

Response Coordination involves timing in order that one response
occurs in a time relationship with another response. It is distin-
guished from Activity Pacing which also involves timing, but not neces-
sarily in close coordination with other activities. The Response Coor-
dination Functions include mechanisms to ensure that the unit operates
in a fluid, coordinated fashion, and that team members are aware of and
respond to each other's actions in a manner which enhances achievement
of the group mission. Two mechanisms or processes have been delineated
--Response Sequencing, and Time and Position Coordination of Responées.

1. Résgpnse Sequencing

Definition: Response Sequencing is a special case of Response
Coordination in which a predetermined series of responses occurs in a
specified order, but without a precise timing implication, other than
temporal ordering. Sequencing involves an ordinal scale, whereas Re-
sponse Coordination is on an interval or ratio scale.

In making a distinction between Sequencing and Response Coordina-
tion, the issue is again raised as to whether these are separate and
distinct functions, or simply varying degrees of the same broader func-
tion. Since this is still a developmental stage of the taxonomy, it was
cgecided to keep both functions because of their close conceptual rela-
tionship, and also because this was the organization provided in the
provisional taxonomy. Nevertheless, it should be clear that a distinc-
tion is being made between two degrees of the same function (if not two
separate funttions): (a) Response Sequencing and (b) Time and Position
Coordination of Responses.
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2. Time and Position Coordination of Responses

Definition: In this function, two or more individuals are working
together to accomplish a task that fewer could not accomplish alone,
either because of physical constraints or task complexity. For example,
two or three individuals may 1ift a bridging bay ramp when one person
cannot do it alone because of the weight of the ramp. Here the function
includes timing and physical coordination--that is, the individuals must
be in certain positions relative to each other as well as the ramp, and
must time their activities so that all heave at the same time. The need
for position coordination is also illustrated by infantry units moving
forward in a wedge formation.

In the preparatory phase, Response Coordination Functions include
planning and establishing who does what in relation to others, and when
during the sequence of events. It may also include development of

_ contingency plans for altering a particular sequence of events. In-

cluded here is the establishment cf cues for coordinated actions.

In the execution phase, actua! coordination and sequencing will
occur in response to appropriate cues, whether preestablished or emer-
gent in the situation. The func ions will occur in a preplanned fash-
ion, or in an adaptive, flexible manner, if the situation changes from
that anticipated in the preparator: phase.

Components of Response voordination Functions include:

1. Planning--i.e., designating tasks, personnel, channels of
information flow, and an established cue to 1n1t1ate
activities requiring coordinated behaviors.

2. Monitoring group performance and, if necessary, deliver-
_ing information and/or cues to orchestrate ongoing activ-
ities, '

3. On-the-spot exchange of information and/or cues to initi-
ate a chain of related and reciprocal behaviors.

Motivational Functions .

Motivational functions are the most problematic functions consi-
dered in this taxonomy. First, it is difficult to operationalize motiv-
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ation. Second, motivation is difficult to observe, study, and
evaluate. Motivational functions often occur early in team development
and, unless observed at that point, must be inferred.

Because -f these difficulties, the functions were not studied in
the Shiflett et al. (1982) report. They remain, for the purposes of the
present study, the same as in the original taxonomy (presants- below).

Motivational Functions '

Definition: Involving team objectives related to the task and
energizing the group to these objectives.

Among the relevant dimensions in this category are:

1. Development of team norms regarding acceptablé levels of
1' performance.

2. Generating acceptance of team performance nurms.

i 3. Establishing performance-reward linkages for the team as
an entity.

4. Reinforcement of task orientation, which includes infor-

» mal rewards as well as sanctions for effective perform-
ance,

5. Balancing overall team orientation with individual com-
~ petitive orientations in the team.

6. Resolution of informational, procedural, and interpers-
onal conflicts which interfere with task orientation.

Research Using the Functions

/

A laboratory tryout of the prototype scales of these functions used
19 male college students who were completely naive as to the history and
development of the project (Shiflett et al., 1982). Subjects received
background information on the Army teams that they would be rating, as
well as instructions on the use of the scales. The scales used in the
study are presented in Appendix A. This introductory phase lasted
approximately 1-1/2 hours, and included the subjects' observation of the
teams on videotape. In the crucial test portion of the effort, subjects
observed 15 videotape segments of either mortar squads or bridge
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angineer teams. Segments ranged from less than a minute to a maximum of
3 minutes in length. Subjects observed each segment twice, and then
indicated on the rating scales whether or not each of the four major
functions was present, and to what degree. Most of the scales resulted
in moderate levels of reliability, consistent with relfabilities
typically obtained for similar scales in other studies (Schemmer, 1982;
Fleishman & Hogan, 1978). They clearly represent a satisfactory‘1eve1

‘ for the first application of the taxonomy by relatively unsophisticated

judges. Reliabilities would be expected to increase if expert judges
were used or after a somewhat extended training period. Overall, the
orientation function scales appear to have the highest reliabilties.
Response coordination also yielded fairly high levels of reliability.
There were a number of problems that indicated a need for more work
before the scales would be ready for traiﬁing and diagnostic applica-
tions. In particular, several of the scales yielded very low reliabil-
ity estimates. The laboratory pilot test of the scales was generally
very encouraging and indicated that naive subjects could indeed be
trained to observe these functions with a reasonable degrece of reliabil-

ity.

anc]usion

 The team function taxonomy represents the basic conceptual model
used in this effort to develop an assessment model of tactical c?
teams. Several issues that neaded to be addressed include the useful-
ness of the taxonomy in characterizing tactical C2 team functioning in
terms of its accuracy and completeness, and the applicability of the
particular measurement approach that had been used to describe Army
teams. Both of these issues were addressed in observations of Air Force
tactical c2 teams, as described in the next section. The results of
these observations, as tney pertain to the model, are presented in
Section V.
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SECTION IV
CHARACTERISTICS OF TACTICAL C2 TEAMS

With a general team functions framework in hand, the next logical
step was to obtain information about tactical Cz teams to determine
whether the proposed model was applicable to them. Even though Shiflett
et al. (1982) had demonstrated the feasibility of using the team func-
tions approach in observing team processes in Army combat and combat
support teams, there was still the very important question of determin-
ing whether the approach and its associated ratings would be appropriate
in the Air Force 2 environmentl. In addition to determining whether
team functions could be observed in tactical C? teams, there was a need
to ascertain whether the approach could be used for assessment. Thus,
although the pfimary goal of the data collection phaée described in this
section was to determine the feasibility of observing functions, the
ultimate goal was to convert the observations into evaluations, a
process described in Section V.

Selection of Tactical C2 Teams for Study

In order:to determine whether the proposed team performance frame-
work was appropriate for studying tactical C2 teams, information was
obtained about the basic characteristics of these teams, including the
important tasks perforﬁed by individual team members and the tasks
performed by groups of team members. In addition, the decision was made
to study the methods currently used to assess personnel performance in
tactical C2 teams in order to judge whether the proposed team functions
approach would be an improvement over currently used methods. For this
purpose, it was decided to study the team characteristics of two C2
teams, selected to differ in several important ways.

he only teams that were intehsive]y studied were two tactical C2 teams
in the Tactical Air Commaad (TAC). A1l conclusions are valid only for

these _teams. The term "C“" is being used henceforth to refer to tacti-
cal C2 units in TAC.
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Method»used for team selection. Three methods were used to identi-
fy tactical c? teams in the Air Force. First, project staff reviewed y
the Air Force documentation on tactical €2 units (e.g., Control and
Reporting Center, Control and Reporting Post, Wing Cperations
Centers). This documentation provided some information about the teams
(within elements) operating szsystems and their size, Second, in order
to get information about other team characteristics, ARRO staff made
field visits to observe three C2 ieams and to discuss team characteris-
tics. The visits were made to the North American Air Defense Command
(NORAD)/20th Air Division at Fi. Lee, Virginia; the 728 Tactical Contro)
and Reporting Center (CRC) at [glin Air Force Base, Florida; and the
507th Wing Tactical Air Command Control Squadron at Shaw Air Force Base,
South Carolina. Third, discussicns were held about the availability of
exercises to ohserve and the appropriateness of different teams for the
study. These discussions were held with the project monitor as weil as
with Air Force personnel on the site visits.

Criteria used for selection. Two tear. were studied in order to
determine how much C2 teams differ in team processes, and the extent to
which a éingle assessment instrument can be used for different teams.
Given this goal, two teams were selected using the following critaria:

e The teams difier in how proceduralized they are. In con-
sultation with AFHRL scientists, it was decided to select
teams which differ on a dimension labeled proceduralized
vs. non-proceduralized.. In simplistic terms, a procedur-
alized team has a set of instructions which are normally
carefully documented and practiced. The decision path
tends to be binary. A non-proceduralized team, on the
other hand, appears to have more options, with multiple
choices at each decision point and little in the way of :
general rules for decision making. Proceduralized teams :
generally are highly restricted in the responses they can
make to specific.situations, with deviations authorized
only at much higher levels of authority, usually at a
level or more above the unit. Non-proceduralized teams
also are substantially restricted in their responses, but
have a wider range of -esponse alternatives, with decis-
ions on these alternatives authorized at somewhat lower
levels of responsibility.

e The teams differ in size. The team must be large enough
so that ceam functions are likely tc occur, and small
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enough so that ARRO staff could observe the behavior of
all team members. It was expected that an ideal team
would have between 5 and 15 members. ‘

o The teams are real. Each team must operate as a true
team, rather than merely being a group of people who
“interact informally or infrequently. The definition of
Glaser, Klaus, and Egerman (1962) was used to define a
team:

1. Relatively rigid in structure, organization, and com-
munication.

2. Each member has a well-defined task.

3. The functioning of the team depends on the participd-
tion of all or several members. _

e The teams perform jaformation-processing, communication,
and decision-making tasks typical of Command and Control
functions. Such teams work in systems that plan, direct,
control and command air operations. Because of contract
requirements, the selection was limited to ground-based
teams, ' :

e The teams participate in exercises in which team func-
tioning can be observed.

o Team actions can be observed and understood. It was
ijmportant for this effort that the team's actions could
be observed. Teams that perform primarily conceptual or
other unobservable tasks would be inappropriate.

Teams Selected for Study

One of the teams selected was the Weapons Team in a Control and
Reporting Center (CRC). This team is on the proceduralized end of the
proceduralized vs. non-procedurE]ized spectrum. The CRC has a primary
responsibility to concentrate and assign air power during an enemy
attack; it is a control unit interconnecting a variety of other tactical
air command units. CRC personne] monitor the air space using radar;
identify afrcraft as hostile, friendly, or unknown; and assign aircraft
to intercept, identify, and attack hostile aircraft. The primary CRC
officer-level staff (including members of the Weapons Team as well as
officers outside this team) are: '
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e Battle Commander, who has overall responsibility for the
CRC, oversees the battle, and usually is the senior per-
son on the site.

o Senior Director, who is responsible for the averall oper-
ation of the center staff.

® Air Surveillance Officer, whose team identifies all air-
craft as friendly or hostile, and transmits this informa-
tion to other members of the CRC team.

e Weapons Assignment Officer, who heads the Weapons Team,
_ which is responsible for distributing aircraft to inter-
cept unidentified aircraft and for attacking hostile air-
craft, .

® Army Liaison Officer, who is present to coordinate activ-
jties between Army Air Defense Units and Air Force.

o Weapons Controllers, who ensure fighter positioning for
interception and the engagement of assigned airborne tar-
gets.,

The air surveillance officer and the weapons assignment officer
each have several subteams under them. These subteams consist of two
persons who share a radar scope. The air surveillance officer is also
responsible for the plotters, who provide information to the entire unit
by posting information and constantly updating it on large plotting
boards at the front of the unit. The Weapons Team is headed up by the
weapons assignment officer (WAO), who is assisted by the weapons assign-
ment technician (WAT). In the configuration observed, the Weapons Team
contained three two-person weapons controller subteams. Each Weapons
Control subteam consisted of a weapons control officer (called the
Weapons Controller or WC) and a technician (WCT).

The second team selected for study was the Fighter Duty Officer
Team in the Tactical Air Control Center (TACC). The TACC is the Tactic-
al Air Control System element with primary responsibility for command
and control of theater operations. The major responsibilities of the
TACC are to generate the plans (called the Air Tasking Order or ATO) for
the theater actions for the following day, to monitor and adjust execu-
tion of the ATQ, to display tactical air operations data, and to serve
as senior air space marager, although this responsibility is usually
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delegated to a CRC. The TACC has four divisions: Combat Plans Divis-
ion, Combat Operations Division, the Combat Operations Intelligencé
Division (COID), and the Enemy Situation Correlation Element (ENSCE).

These divisions will be discussed later.

As one component of Combat Operations, the Fighter Duty Officer
team has responsibility for monitoring the ATO as it is being accom-
plished; revising sorties in the ATO as is warranted by enemy movement,

thrust and target status; and keeping the current situation displayed on

the status board and the computer (if available). The members of the
team include: '

¢ Chief of Combat Operations (CCO) - directs and supervises
Combat Operations, ensures that ATO objectives are
attained, and adjusts the planned sorties to meet chan-
ging objectives.

e Senior Operations Duty Officer (SODO) - ensures that all
personnel receive the ATO; monitors the air situation,
resources and display board; and provides summaries and
recommendations to the CCO regarding changes in the ATO.

® Senior Fighter Duty Officer - monitors the Fighter Duty
Officers, and makes recommendations to the SODO for chan-
ges in the ATO.

e Fighter Duty Officer - monitors part of the air war.
These officers are organized by specific mission applica-
tions, e.g., close air support, counter air, interdic-
tion, and airlift,

® Fighter Duty Officer Technician - works with the Fighter
Duty Officers to monitor the air war. ST e

Methods Used to Study the Teams

This research phase involved three separate sets of data collec-
tion:

1. On-site and te}ephone interviews with the operational
staff of the C¢ teams.

2. On-site and te}ephone interviews with the evaluation
staff of the C* teams.
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3. Observations of two exercises (one for each team) and
associated interviews with exercise participants and the
exercise staff. o ‘

Interviews with the operational staff. The Fighter Duty Officer

Team studied is located at the 507th Wing TACC at Shaw Air Force Base.
The CRC studied is located at the 728 Tactical Control Squadron CRC at
Duke Field, Eglin Air Force Base. The information collected at both

sites was used for the following purposes: to identify critical tasks
performed by each team member, and to identify critical team tasks and

 characteristics.

One method used for data collection was a set of semi-structured
interviews with the operations staff concerning the important individual
and team tasks. Ihe interview questions are presented in Appendix B. '
In order to ensure that all relevant team!tharacteristics and processes
were considered, the ARRO staff attempted to get both a complete picture
of the team and more detailed information about variables which prior
research (in non-military settings) had indicated were most significant
for team effectiveness.

In order to obtain as broad an understanding of €2 team operations
as possible, including their environment and other contextual factors
that might affect team performance, a broad list of discussion topics
was developed. The list, summarized in Table 2, was developed from the
team performance literature and the team function taxonomy, and includes
variables that seem most likely to have an impact on team performance
and, consequently, on the assessment of team‘effectiveness.

Interviews with the evaluation staff. IndiviQuals interviewed were
responsible for several different types of evaluations: Standardiza-
tion/Evaluaticn Report (STAN/EVAL), Opefationai Readiness Inspection
(ORI), Management Effectiveness Inspections, local evaluations, and
training exercises. c? personnel interviewed were knowledgeable about
planning, conducting, and evaluating exercises. The data were used for
the following purposes: to determine what assessment methods are cur-
rently being used by the evaluations staff, and to identify the advan-
tages/disadvantages of the current evaluation process.
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TABLE 2

Topics Discussed with Operations Staff

W 0 ~NN O 0 B W N e
.

10.
11.
12.
13.
14.
15.

Information Exchange

Task Assignment

Resource Assignment

Timing of Activities
Coordination of Activities
Monitoring Performance
Planning

Team Norms

Decision Making

Task Complexity

Member Ability and Training
Relations with Other Teams
Clarity of Task Requirements
Organizational Support
Leadership Patterns
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Two data collection methods were used: review of reports and docu-
ments on the different evaluations, including examples of the evalua-
tions; and semi-structured interviews with the evaluation staff concerh-
ing the evaluations currently conducted, These questions are presented
in Appendix C. '

Observation of exercises. Two war-simulation exercises were
observed: Blue Flag, in which the TACC team was observed; and a Systems
Training Exercise (STE), a vehicle for training the CRC (as well as
other coordinating units). The observations were used for the following
purposes: to verify the inforhation obtained in the operations and
evaluation interviews, and to determine whether it is possible to
observe the team characteristics identified as critical in the prior two
data collection steps).

During the exercise, the ARRO staff performed two functions. The
exercise was observed using a 1ist of team variables presented in Table
2. The observer determined which critical tasks and characteristics
could be observed. However, in both exercises much of the interaction
among individuals in the team, or between team members and individuals
outside the team, was conducted over telephones or radio. There was
little physical movement. Therefore, it was very difficult for the ARRD
staff to get an adequate picture of team functioning and individual
behavior from observation alone. In fact, group interactions were not
recorded using structured observation techniques, because it was felt
that doing so would be of little use in this early stage of the
observations. Instead, much of the time during the exercise was spent
talking with participants and to the exercise staff so they cculd
explain what was happening, in terms of individual behaviors,
interactions, and the simulated combat situation.

Results

Following are descriptions of the basic team operations for each of
the two exercises, based on the observations and interviews. The des-
criptions focus on team aspects that were felt to be important or criti-
cal in understanding the basic functions and operations of the teams and
in developing a strategy for assessing and evaluating the teams,
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Critical individual and team tasks in the CRC Weapons Team. The

Weapons Team is headed by the weapons assignment officer (WAO) who is

assisted by a weapons assignment technician (WAT). Under the WAD are
subteams made up of dyads, each composed of an air weapons controller
and an air weapons controller technicien. Each of these dyads sits at a
radar scope console and has primary responsibility for controlling air-
craft in a particular area of the battle zone. The pilot is dependent
primarily on that controller to get the aircraft to the target safely
and efficiently, Because of this very close and nearly one-to-dne
relationship with the controller, there may be times when it is userul
and appropriate to consider the pilot to be an integrai part of an
"extended" Weapons Team. '

The WAQ has overall responsibility for the Weapons Team. The WAQ
assigns tracks to a weapons controller or to Army Air Defense Artillery
and supervises the track by monitoring the air picture on the radar
scope. The WAO communicates with other teams in the CRC, particularly
with the Air Surveillance Team. '

The weapons controller (WC), once a target is assigned, is respon-
sible for engaging the target and making effective intercepts. The WC
communicates directly with the pilet of the intercepting eircraft, giv-
irig appropriate vectors for the target. The WC also gives the WAD some
feedback on the condition of other support aircraft in the area, partic-
ularly the combat air patrol (CAP) aircraft that orbit at a certain
location under the direction of the WC. The WC is also responsible for
properly handing off the aircraft when that aircraft moves out of the
area under his/her control, The WC keeps the WAO advised of the status
of the aircraft. The WC must also help to monitor fuel status and
assist the pilot in getting the aircraft from one point to another
quickly and safely. '

The WAD is assisted by a weapons assignment technician (WAT). The
WAT is responsible for the actual external coordination, such as calling
up to get the aircraft and having it scramble. The WAT also monitors
the plotting boards to ensure that data are updated properly. Although
the WAO has the responsibility, the WAT does a lot of the actual coord-
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inating work, particularly externally. The‘WAO does more of the inter-
nal coordination. The WAT would also be responsible for calling the
controller technician who is assisting the weapons controller, and for
correcting the controller's action when the WAT detects a problem. The
WAT 1s responsible for some of the console sﬁitch actions, thereby free-
ing up cne of the hands of the WAO.

The weapons controller technician works directly for an air weapons
controller. This technician maintains the log of radio and radar con-
trol time and other information for each mission, from the moment a
plane goes up until the time it returns or is handed over to anotner

- authority. The technician monitors radio frequencies, watches the emer-
gency frequency, and is responcible for the console switch actions.
These switch actions change symbology and provide new headings, speed
and designator. The technician assists the air weapons controller, but
does not communicate with or direct pilots.

In order to understand the operations of the Weapons Team, it is
essential to understand the significance that communication has in the
CRC as a whole. There is little physical activity involved in CRC oper-
ations. The people in the Weapons Team, like others in the CRC, sit at
their stations and communicate over the telephone or by talking to
others in the room. Physical activity is restricted primarily to switch
actions and other manipulations of the console. Occasionally personnel
will move around, but almost always for the purpose of communicating
with another person in the CRC who is located at a distance within the
bubble. Thus, in talking about a team function such as resource distri-
bution, the expression of that function is almost always in terms of
verbal communications. The exception to that generality involves the
pilots who are controlled by the CRC. The weapons controller and the
WAO may give resource distribution communications, whereas the pilot
receiving those communications adjusts the position of the aircraft and
thus is involved in a physical expression of the resource distribution
function,

Because the CRC is like a nerve center which receives and transmifs
massive amounts of information, the focus of attention will be on the
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communications within the CRC. This is true of the Weapons Team as it
is of all other teams in the CRC. Many of the team goals involve com-
munication, and successful attainment of the team goals can be achieved
only through effective communication. To simplify the analysis slight-
1y, the overall goal of the CRC will be defined as identifying,
intercepting and destroying hostile aircraft. When communication is
necessary to accomplish the objective for a single hostile target, five
to seven teams become involved in the information flow, starting with
the communication when a target is identified as hostile or unknown.
The WAQO must then determine the best way to destroy the hostile target,
given the resources that are available at the moment., The NAO‘may then
assign the target and a friendly aircraft to a weapons controller, who
directs the pilot to the target.

A1l the nodes in tne CRC are communicating with other teams within
the CRC, and often with teams outside the CRC (see Figure 2). Figure 2
depicts a Weapons Team within the CRC, along with some of the formal
communication channels that are available to the team. The rectangilar
box encloses the Weapons Team itself, consisting of the WAQ/WAT team
leader unit and three Lieapons Controller subteams. OQutside the box are
major communication targets, either within the CRC or aircraft in the
air space being controlled. Solid lines between the WAQ and control-
lers, or between controllers and pilots, represent major communication
links, either telephonic or radio. Lines between Weapons Teams are tel-
ephonic, but are not often used because there is little need to communi-
cate between the teams and because their close proximity to one another
allows face-to-face communication to occur with speed and ease.

A major internal communications adjunct to the verbal communication
involves the plotting boards. In Figure 2, dashed lines between Weapons
Controller team and plotter boards represent less crucial telephonic
communications. Plotter board status is usually provided by the Air
Surveillance team, but due to time lags in getting déta onto the boards,
the Weapons Team does communicate with plotters to help clarify current
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Communications in the CRC Weapons Team.
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status of information. The figure does not show all possible formal
communication links, nor does it show any of the many informal channels
(e.a., face-to-face verbal communication).

The following paragraphs describe the CRC weapons team operations
in terms of the team function taxonomy proposed for use as a major com-
ponent of the assessment model. The description addresses the descrip-
tive ability of the taxonomy, as well as some potential problems with
the taxonoﬁy as it currently exists. The assessment or evaluative uses
of the taxonomy will be discussed in Section V.

Nearly all of the functioné in the function taxonomy are present to
some extent in the actions of the Weapons Teams and the pilots being
controlled. The Orientation Functions appear to be crucial and repre-
sent a major activity of the Weapons Team. Orientation with fespect to
general goals and missions does not appear to occur often, beéause it is
implicit as the result of training or indoctrination prior tofthe exer-
cise. Information with respect to subgoals, or individual te%m tasks,
usually defined as intercepting and destroying a target, is réutinely
posted on one of the larger display boards for the entire CRC?to see,

It is constantly baing updated until the mission is comp]eted; Orienta-
tion about the environmental characteristics and constraints s also
plotted on the boards. This includes not only the location of enemy and
friendly aircraft, but also weathér conditions, etc. A furthér form of
routine orientation is the use of identifying symbologj on thé scope.
This information is adjusted and updated as new information arrives.
OrientationAwith respect to member resources and constraints can refer
to the availability of aircrarft and missiles, and is provided to the CRC
by the WAQ, or it can refer to the status of individuals and equipment
within the CRC (e.g., equipment malfunctions). Orientation with respect
to priority assignment of tasks is also seen, with the WAQ being the
primary source of that information as well as the primary decision
maker,

The Resource Distribution Functions occur most frequently in the
Weapons Team. The WAQ is responsible for maintaining information about
available resources and assigning them to targets as appropriate. The
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WAO continually monitors the situation.and, if necessary, adds unused
resources or adjusts the assignment of the resources.

Timing Functions are obvious aspects of the Weapons Controller's
function; they can also be seen internally when the battle situation
becomes very complex and infourmation flow is hectic because of over-
load. In particular, if the posting on status boards lags behind the
actual situation, a great deal of effort is expended towards speeding up
and “"getting them current." Although this is not a task formally
assigned to the weapons teams, they interact with the plotters to a
fairly high degree to aid in maintaining current information.

Response Coordination Functions can be seen in the maintenance of
the proper seauence of activities within the CRC, as information flows
from the Surveillance Team to the Yeapons Team and, in particular, in
maintaining currency of the plot boards. Weapons Controllers also per-

“form coordination when directing the CAP and interceptor pilots, in

terms of the enemy targets. Very little response coordination seems to
occur between Weapons Controllers, except when an aircraft is moving
from one air space to another. At the console itself, the Weapons Con-
troller Technician performs some switch actions for the Controller;
these responses must be coordinated with the Controller's actions.

Many of the Motivational Functions mentioned in the team functions -
typically occur prior to the occurrence of an actual task, as pointed
out in Shiflett et al. (1982). Therefore, it is not surprising that
little evidence of these functions was observed. Most easily observed
was an occasional comment reinforring a task orientation either in
response to undue socializing among members or to the fact that an enemy
aircraft got through the defense lines (in éffect, an error or failure).

An issue that was discussed but not resolved in Shiflett et al.
(1982) had to do with system monitoring. One function that appears to
cccur in virtually all task-oriented situations is that of monitoring
performance and comparing it to some expectation of what performance
should be. 7o the extent that there is a deviation between actual and
expected performance, an ﬁerror" exists that needs to be corrected in
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order for performahce to be adequate. Previously in this effort, error
detection was considered to be an integral part of the other func-
tions. However, the significance of detecting errors in the 2 context
is so apparent that consideration is now being given to identifying a
separate function category consisting_of system monitoring.

The need for this type of function in the c? context is evidenced
by the fact that there is a great deal of potential redundancy of infor-

- mation transmission built into the CRC system. Redundancy can be an aid

to error detection in that many clues to the presence of an error exi;t
and there are many possible "detectors." On the other hand, the com-
plexity of the information often leads to a narrowing of the perceptual
field to only those items to which a person is supposed to attend; thus,
blatant errors can sometimes go undetected for surprisingly long periods
of time. Telephone lines interconnect nearly all members of the CRC.

In addition, the radar‘scopes provide nearly identical information to
all teams within the CRC. A great deal of information is trensmitted by
face-to-face communication. Substantial'orientation information is pro-
vided on a continuous basis at the front of the CRC bubble on the plot-
ting boards. There are as many as 30 people monitoring the overall
activities of the unit in addition to their own individual responsibil-
ities. Finally, debriefing evaluations by the team members themselves
after the exercise tended to focus almost exclusively on system monitor-
ing failures. That is, questions were not concerned so much with why a
particular problem arose, but with why it was not detected or resolved.

Critical individual and team tasks in the Fighter Duty Officer
Team. The second of the two teams studied was from the TACC. The TACC

~ performs Command, Control, Communications, and Intelligence (C3I) func-

tions for theater air operations. It is a command and control center
for the air war in a given area. The TACC is responsible for developing
and executing the Air Tasking Order (AT0), which specifies target prior-
ities based on the current tactical situation and designated objec-
tives. It is also responsible for monitoring the ATO and modifying it
as required.
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The Combat Plans Division prepares a detailed ATO. The ATO is
issued daily and tasks units to accomplish specific missions in support
of combat objectives. The ATO is presented in sufficient detail to
enable mission aircrews and tactical air control system elements to
execute these missions. |

The Combat Operations Intelligence Division (COID) performs four
functions and is usually organized into four branches to carry out these
functions. The COID processes and validates éll requests for intelli-
gence information from the Collection Management Branch; evaluates
threats and determines enemy capabilities and vulnerabilities oy eval-
uating intelligence information from all available sources (Operations
Intelligence Branch); selects and prioritizes targets and determines
weapons application and nominates targets for attack and reattack
(Target Intelligence Branch); and provides Automatic Data Processing and
display control for the COID (Data Services Branch).

The Enemy Situation and Correlation Element (ENSCE) assists the
Combat Operations Division in the execution of the ATO. The ENSCE
processes and provides information from a continuous flow of near-real-
time irformation. It provides situation intelligence and warning
information to other designated users. The ENSCE thus supports plan-
ning, directing, and controlling functions of a Tactical Air Force with
current enemy air and ground force disposition and intelligence.

The Combat Operations Division supervises the execution of the '
ATO. It is responsible for'conducting and integrating all tactical air , §
operations and provides for centralized contr01 of these operations in g
regard to designated objectives and the current tactical situation. \
Because of the size and complexity of the TACC, it was decided to focus
on one of the teams of the Combat Operations Division for the purpose of '
the study. The team selected was the Fighter Duty Officer Team composed \
of the Chief of Combat Operations (CCO); the Senior Operations Duty
Officer (SOD0); the Fighter Duty Officer; and the fighter duty officers
for Battlefield Air Interdiction (BAI) Close Air Support (CAS) and
Offensive Counter Air (OCA).
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The fighter duty officers' (FIDO) responsibilities are: to know
the general air and ground situation, to know the structure of the
deployed Tactical Air Force/Tactical Air Control System, to be familiar
with the Air Tasking Order (ATO), to maintain lijaison with the duty
officer counterparts in the Combat Plans Division, and to maintain the
status boards located in the front of the operations area. The FIDOs
are usually assigned by type of mission. They receive and review the
ATO from the Combat Plans Division. They first list the types of
missions, the number of each type of mission, and the resources to be
allocated. They interact with the planning officers and can call them
to get clarification of the ATO. They plan in detail all sorties
assigned to them. When the ATO is changed, the FIDOs are responsible
for planning new missions. They need to assign the type of aircraft,
the type of ordnance, the number of aircraft, the speciiic targets, and
the flight plan. Tneir job is to get the appropriafe number of the

proper type of aircraft, armed with the correct ordnance for the job, to

the target and back to base or to an alternate landing site,

Once the sorties are plianned, they are posted on the status boards
in order of expected time over target. Liaisor is maintained with the
Wing Operations Center (WOC) and each of the flights is tracked by the
FIDO who updates the status boards as information is received.

The Senior Operations Duty Officer {(50DC) is a key individual in
the chain of command, and the major interface between the fighter duty
officers and the CCO. The SODO normally receives the plans and selects
from the options being offered by the FIDOs. On some occasions the SJDO
will develop the sortie plan. The SODO is the individual who is in
position to see the "whole picture;” if a contingency plan is needed,
the SOD0O is the one who can best :-2allocate resources. The normal
activities of both the SODO and the FIDOs require them to monitor and
implement the ATO. However, special requirements are sent to them /ia
Army requests or new intelligence information. In these cases, the S0D0
and/or the FIDOs need to modify and restructure the plans using the new
information. They will cften reassign priorities, and switch resources
to meet the new priorities. If present, the Senior Fighter Duty Officer
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as an assistant SOD0, by assisting the SODO and monitoring the

overall functions of the FIDOs, while at the same time assisting the

FIDOs in

The
from the
noted in

1‘

8.
9.

the development of their plans.

team observed‘during the Blue Flag exercise was quite different
"classic" TACC FIDO team. The following major differences were
organization, structure, and function:

There was no formal and complete TACC in the exercise.
Rather, elements of the TACC, including the Fighter Duty
Off icer subteam, were incorporated into the Sector Opera-
tions Center (SOC).

Both the offensive and defensive war were being fought at
the SOC with the CFC reporting to the SOC rather than to
the TACC.

|
The fighter duty officers (FIDOs) were called Base Opera-
tions Center (BOC)iliaison officers.

The BOC liaison officers were organized by base and not
by function. The BOC liaison officers were responsible
for monitoring all of the fighter sorties from the base
assigned to them, both offensive and defensive.

What would normal!& be the TACC Combat Operations Divis-
ion was called the "Execution Branch."

There was no separhte’Chief of the Execution Branch, so
that within the exercise the same individual was Chief of
Operations and acted as (hief of the Execution Branch.

There was a Chief of Plans Branch, Thus, the organiza-
tion chart had a Chief of the Air QOperations Center (AOC)
and an individual who served as Chief of Operations and
Chief of the Execution Branch. The SODO (called the
attack officer) reported to the individual who was the
combined Chief of Operations and Chief of Execution.

There was no senior FIDO present.

The ATO was called the Air Tasking Message (ATM).

Although the Chief of Operations was also acting as Chief of the
Execution Branch, observation of the activities indicated that the
attack officer (the SODO) was functionally filling the job of Chief of
Execution Branch. There was a great deal of interaction between the
Chief of OCperations, the attack officer, and the BOC liaison officers
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(the SODO and FIDOs in the traditional arrangement). There was no
ohvious way to document or quantify this interaction other than a paper
trail left by the forms and documents (e.g., Joint Tactical Air Strike
Report Form) prepared by them in the performance of their duties. (See
Figure 3 for a description of the communications in the team.)

-
~\
.

The attack officer needs to understand the overall battle strategy

~and tactics, the role of the TACC, and the politics of the battle situa-
tion. Battle politics includes such items as relating with host nation-
als, recognition of the sovereignty of any rélevant national air space,
and where to go for authority to take specific actions. The attack
officer does delegate certain activities to the'BOC liaison officer when
the task is to continue a particular action, e.g., continuing to bomb
enemy ground forces. Under these conditions, the BOC Tliaison officers
continue to prepare their sorties in accordance with the Air Tasking
Message (ATM). '

It was obvious from the exercise that the operations observed
involved some team effort. The fact that the FIDOs were organized by
base, rather than being organized by function or aircraft type, seemed
to require more interaction among them. They needed to confer more on
the planning of the sorties with regard to optimal aircraft and ord-
nance, since they were being asked to put together sorties with the air-
craft and ordnance available at the base assigned to them. Since they
were responsible for the total plan on a base, they needed to put

hﬂtagethé;Athe aircraft, the pilot, the base, the return base, the fuel,
the appropriate armament, zic.. If they were handling aircraft, arma-
ment, or a missicn with which they were unfamiliar, they would need to
discuss tiie matter with other BOCs. When the FIDOs were organized by
function or aircraft type, such interactions between FIDOs were less

necessary.
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The team appeared to have no difficulty p1anning its sorties to
carry out the ATM. The number of sorties aésigned from the ATM did not-
utilize all of the resources available; therefore, the attack officer
and the BOC officers called the BOCs and the Air Support Operations
Center (ASOC) to find additional targets. A measure of success based on
the percentage of sorties allocated and completed would have been mis-
leading, since merely following the ATM would not have utilized all of
the assets available. It was only by going out and seeking their own
targets that they were able to utilize all of the assets allotted to
them.

In‘app1ying the function taxonomy to the TACC, it would appear that
all of the functicns are present. However, much of the observable “"team
interaction” was with elements outside the Fighter Duty Officer Team and
often outside the TACC (e.g., coordination with the ASQOC, WOC, and
CRC). Except for some continuing'interaction among the FIDOs, and
between the FIDOs and the SODO, there was little team activity. In
addition to the extensive interaction outside the team, most activities
concerned individual actions such as planning and decision making. The
team functions that did occur are discussed below. '

Orientation with regard to the tactical situation is a key initial
step for the team preparing itself for combat. Each individual on the
team is reponsible for being aware of the air assets and logistics sup-
port available to them, the weather in the target areas, home base and
diverting bases, TAC unit status, any problems which affect the WOC
operations, and intelligence updates on important environmenta]
constraints such as "no bomb" lines, rules of engagement, and prisoner-
of -war or- other off-limits target areas. As the battle proceeds,
Orientation continues with respect to asset attrition, the strateqgic
situation, the changing intelligence situation, and changing target
priorities. Team interactions will be among the S0DO, senior FIDO and
FIDOs since the SODO and the senior FIDO will be the primary sources of
information updates for the FIDOs.:

Resource Distribution is of major importance in the TACC subteam
studied. It is the responsibility of the SODO, coordinating with the
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CCO for approval/disapproval, to see that all of the requested and
planned sorties are carried out. The FIDOs must allocate the appropri-
ate aircraft and ordnance to achieve the missions assigned to them by
the SODO. The control and full utilization of assigned resources s a
key function of the FIDO, and the Timing Functions are obviously impor-
tant key aspects of the TACC functions. Since the routes to the target
and back to the home base or alternate base are keyed to the batt]efiéid
conditions and status, it is critical to the mission's success that the
aircraft leave on time. In addition, many of the targets are “time
sensitive" (i.e., they are mobile targets), or the need for the action
is critical at a particular moment in time such as in close air
support. If timing is off, the targets may no longer be there, and
friendly troops may be occupying the target area.

Response Coordination ié the most critical of the team dimen-
sions. These functions are probably more important to the TACC than are
any of the other dimensions. However, most of these functions are
shared with individuals outside of the primary team. The need to coor-
dinate the activities of the offensive war (one of the méjor responsi-
bilities of the TACC) is perhaps the’most important aspect of mission
success. Such factors as the time over target, coordination with ground
troops through the ASOC, and coordination with other aircraft on elec-
tronic countermeasures, flak/SAM suppression, rendezvous with tankers,
and reconnaissance, all need to be carefully orchestrated. The response
coordination in close air support and air interdiction are obvious to
the safety of ground troops. A major function of the ?IDO is close
coordination with the SODO, WOC, ASOC, and the CRC to jee that all of
the sorties assigned are carried out successfully. Co‘rdination with

other FIDOs 2ccurs when additional information is needed about a parti-
cular aircraft or ordnance,

The Motivational functions found in the taxonomy are not so obvious
in the TACC. Motivation is obviously present, but not directly obser-
vable in the activities that are being carried out. The level of mot i -
‘vation could be inferred from the heightened activity at given periods
of time, or from the positive and negative reinforcements which occur

77




a.o.!
Y,

e

P
TN

Jl.
a

Xy Ay A e |
I.r'.}‘n"-‘

Ry

!-

.
l'...t: T .: [N

l. ‘.
AN

o e

r @1

for successful and unsuccessful actions. It will be necessary to devel-
op a procedure for assessing the motivational functions in future
research. o

Finally, the function of System Monotoring is obviously present and
important to the TACC performance. There is a constant need to-obtain
feedback as to whether the mission is proceeding as it should. Each
flight is followed with regard to time of takeoff, time over target, and
landing time. In manual systems these data are posted on'iarge status
boards in front of the TACC. ih'addition, this information is presented
by a computer (Computer Assisted Force Management System or CAFMS) where
the system is available. The FIDOs also monitor ground aborts, air
aborts, in-flight emergencies, and mission results to determine whether
targets need to be restruck. If errdrs do occur, the impact of the
error needs to be assessed immediately and appropriate actions taken.

Again, in the offensive war there is little margin for error when plan-
ning and executing sorties. The time-sensitive nature of many of the
targets, the changing pattern of air defenses, the changing tactical
situation, and the close proximity of the forces to the targets, all
make error detection and correction a very important function at the
TACC.
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SECTION V
PROTOTYPE C2 TEAM ASSESSMENT METHOD

In this section, the basic elements of a 2 team assessment method
are presented. The method is based on the assessment techniques devel-
oped for use in Army settings and has been revised based on observations
and interviews in Air Force tactical C2 teams. This section begins with
a general discussion of the distinctions between simple observation and
assessment for evaluation. Next is a brief discussion of the conceptual
model which underlies the evaluation methodology. This is followed by 2
discussion of the methods currently used to evaluate tactical C2
teams. The basic requirements for a prototype assessment methodology
are then presented, followed by a discussion concerning a possible meas-
uring instrument. ’ '

Measurement vs., Evaluation

It is important to distinguish between simple observation and
observation for the purpose of assessment and evaluation. The transi-
tion from simple measurement to evaluative measurement requires a set of
standards. The standards serve as a point of comparison with which to
compare the observed teams and evaluate their effectiveness. These
standards are derived from the goals of the teams as well as from the
judgment of Air Force experts as to what constitutes good performance.
Currently, there are no formalized standards for effective C2 team per-
formance.

One model of effectiveness, suggested in Section III, is based on
Shiflett's (1979b) model of team performance. The model asserts that
-performance is a function of individual resources brought into the task
situation and weighted by the effect of various transformation variables
(team functions, motivational functions, and other context and task
characteristics that affect the use of individual resources in the final
team product). The model requires the observation of several classes of
variables: individual resources, group productivity, and the transfor-
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mation variables. Because measures of team productivity and individual
skills already exist, this effort has focused on the transformation
variables, in particular team functions. Eventually, measures of all of
the classes of variables must be properly developed and validated in
order to assess the operational readiness and productivity of the team
fully and effectively. '

Shiflett's model of team performance did not provide any formal
theory of the transformation variables., Structual role theory (0'Brien,
1982) represents one approach to resolving this problem. The team func-
tions model used in this effort also represents a beginning in this
direction. Eventually, a more formal model must be developed specifying

the effect on team productivity of team functions, other transformation
variables, and individual resources.

Observations of C2 Teams

As described in Section IV, two tactical c2 teams were observed |
performing training exercises. There were three purposes for these
observations: to become familiar with the general operations of tac-
tical C2 teams, to determine the best approach to use in assessing c2
team performance, and to determine whether or not the previously devel-
oped team functions taxonomy and measurement instruments would be appli-
cable to assess the two tactical C2 teams.

Current c? assessment procedures. Several types of assessment pro-
cedures are currently used to evaluate Air Force personnel who operate
C2 Systems: assessment of the performance of units during training
exercises, assessments of operational readiness, tests of individual
performance and knowledge, and reviews of paperwork.

1. Exercise assessment. ARRQ staff observed a Systems Training
Exercise in which the Weapons Team in the CRC participated, and Blue
Flag, an exercise in which the Fighter Duty Officer Team of the TACC
participated. Both exercises are war simulations which are conducted
for training purposes. In both exercises, controllers observe the per-
sonnel and identify problems in performance. Problem identification is
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done within the context of supplying feedback to participants. In the
Weapons Team most of the feedback was given to the exercise participants
after completicn of the exercise. The feedback was general, identifying
problems but not citing individuals or teams that might be respon-
sibln. Because there were only two controllers, more precise assessment
and diagnosis may not have been possible.

Although individualized assessment and feedback were not provided
for the CRC members, general evaluations (of the Weapons Team and of
overall CRC functions) were given. Timeliness was a major criterion of
effective CRC performance, e.g., the time between observation of an
unidentified track on radar and its identification, and the time between )
identification and placement of the trazk on the plotting board. o
Although excessive time lags could be identified as a problem, it was
not easy, if even possible, to determine the specific actions or persons
causing the delay. A second indication of problems was the noise level
in the bubble. Increased noise, confusion and very loud talk all indi-
cate difficulties. Again, the specific cause of such difficulties could
not easily be determined. A third criterion used by the evaluation team
was counting the number of enemy aircraft approaching dangerously close
to the CRC. o

In addition to this assessment of the CRC, the senior officers at
the CRC discussed the exercise with the senior officers of other units
involved in the exercise (the Control and Repdrting Post, and the
Forward Air'Control Post). These discussions all concerned the outcomes
of the exercise (e.g., number of enemy destraiédiﬂéndAébbfa{ﬁit}éﬁﬁfm”'“A7H'V'7 -
between units in the exercise.

Similar assessments of (2 personnel were provided to the partici-
pants of Blue Flag, an elaborate war scenario which trains c? personnel
and potential c2 auQMentees in TACC operations. In Blue Flag, there is
even less emphasis on evaluation and more on training. Assessments of
performance are provided during as well as after the exercises. The
evaluators, or controllers, suggest alternative behavior. The control-
lers intentionally do not evaluate performance, viewing it as a threat
to the training which is the purpose of the exercise.
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For both the CRC and the TACC, there are no formal standards of
effective performance. The assessors must know C2 team operations well
enough to identify problems and suggest remedial actions. There is

almost no formal documentation to assist in the assessment and feedback
process. ‘

After the exercises, after-action reports are presented to unit
commanders and others. The reports are very general, citing major dif-
ficulties and exercisc results. The reports are useful primarily for
suggesting changes in the exercise scenario, for revision of .training,
and for equipment modification.

2. Operational readiness assessments. In contrast to the assess--
ments of performance during training exercises, which focus explicitly
on training, are the assessments of operational C2 units. These assess-
ments are clearly evaluative in nature. The Operational Readiness In-
spection (ORI) involves an evaluation of the readiness of a wing or a
unit, by tasking the unit to perform a mission and then evaluating its
execution. In the CRC evaluation, a scenario is developed, fighter sup-

port is obtained, and intelligence is developed for the scenario.
During the ORI, the CRC simulates preparation and deployment. The CRC
team then sets up its radar equipment away from the base. Fighters are
brought in and the CRC is given responsibility for controlling the air
space during a simulated battle. ‘

The ORI team evaluates deployment, mobility, regeneration and,
finally, operations. Both the CRC and components of the CRC {e.g., the
battle staff and the'component teams) are eva]uated. In addition to a
formal report, the ORI team speaks to members of the CRC to explain the

results and obtain the participants' interpretation of their performance
in the ORI exercise. | '

The standards for evaluation and for awarding points in the OR] are
vague. The speed of evaluation in the ORI may lead to superficial eval-
uations. The ORI does not locate problem sources, nor does it recommend
specific ways to ameliorate problems.
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Because of the expense and personnel requirements involved, there

had not been an ORi evaluation of the TACC for some time. An alterna-

tive to an ORI, a Mission Capability Inspection, was being planned.
Because the inspection unit performing the ORI does not have the
resources available for bringing together diverse components.of the
TACCs for an exercise, the inspection will occur when the TACC partici-
'pates in a large-scale exercise. 1In this paper neitner deployment nor
mobility will be evaluated but, rather, the accuracy, timeliness, work-

load, and mission accomplishment of the divisions and teams.

3. Assessment of individual performance and knowledge. The Stan-
dardization/Evaluation (STAN/EVAL) Report is designed to provide the
wing or unit commander with an evaluation of the unit's readiness to
mect battle demands. The STAN/EVAL involves both the assessment of
individuals and the evaluation of units. Individuals are assessed on
their knowledge of the job, using written tests. Individuals are also
evaluated during exercises on effective performance of work tasks.

A similar type of individualized assessment measure was used in

Blue Flag. A pre-post examination was conducted during the classroom
portion prior to the start of the actual exercise. A baseline survey
was given before the training, and a post-test with an equivalent form
was given after the end of the classroom portion of the training.

Questions were directed at the knowledge of relevant areas, resources,
etc. A self-appraisal form and training critique form were also used.
The individual was asked to rate his or her gain in knowledge by area.

4. Assessment of paperwork. The previously described evaluations
concern the assessment of performance. C2 units are also evaluated for
keeping appropriate records and reports, and providing required train-
ing. One type of STAN/EVAL involves reviewing such documentation. The
Management Effectiveness Inspection (MEI) is an administrative evalua-
tion, assessing reccrd keeping. Like the STAN/EVAL, this evaluation
method does not consider the actual performance of the units being

assessed.

83

R N R T e L T




Fs

Al
U
PN T

A

Sl el

.

Sy

L ¥
AP

5

b3

oy
A

Sl

/
[N

.
RIS A

L Y

(3 .l -l- .O. .0-

AR
o4

AR

L

TR GELNS

AR

07

AR £

To summarize, there are two general types of assessments of c?
gffectiveness. First are the evaluations given during and after exer-
cises., These are subjective and have no specified standards for perfor-
mance. They focus on training, and are intentionaily non-evaluative.
The procedures are very general'and are neither dicgnostic nor oriented
to providing feedback. In contrast is the second type of assessment
which is evaluative, and assesses both individual and unit perfor-
mance. These evaluations focus less on behavier than does the first
type. Often these latter evaluations are mefe]y reviews of record keep-
ing.

The first type of assessment is obviously more useful for purposes
of this research, which cdncerns performance assessment. The absence of
standards for evaluating effective performance and of some formal asses-
sment measures increases the burden on the evaluator. Currently, the
evaluator is provided few resources to assist in making assessments and
providing feedback. 4

During this discussion, no mention has been made of team assess-
ment. Current1y there is no explicit evaluation of team performance.
During an exercise, some notice may be given to a problem that is
obviously the result of poor performance of a specific team. However,

the team component of c2 performance is rarely specifically studied and

assessed.

Adequacy of the Team Functions Taxonomy

A major purpose\for studying tactical 2 teams was to determine the
adequacy of the team functions taxonomy as a basis for evaluating these
teams. In general, it was found that the team functions taxonomy could
be used to capture most team-related aspects of tactical c2 teams.
I1lustrations of the uke of the taxonomy to capture tactical c? team

functioning are presented in Section IV in the descriptions of the CRC
and the TACC.

Although the taxonomy generally proved to be quite effective,
several problems emerged that seemed to indicate that some modifications
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to the taxonomy were required. In general, all of the functions
currently defined in the taxonomy appear to be present to some degree in
tactical C2 teams. These functions can be observed in communications
among team members. Other team functions can be seen in coordinated
physical movements such as moving equipment around. However, it became
apparent that certain functions occurred repeatedly but were not
contained in the taxonomy. These functions dealt with system monitoring
and with maintenance of procedures. Both of these functions concern
error detection and feedback. System . monitoring involves the checking
of all system elements for errors and omissions. The consequence of
such monitoring is a change in system functioning (if problems are
identified) or. continuation of on-going activity (if no problems are
found). Maintenance of procedure involves the checking of behavior to
be sure that all performance standards are being met. It is an alter-
nate approach to maintaining efficiency. Rather than involving the
detection of error, it concerns cdnformity to standards of proper per-
formance.

In the original taxonomy deve1opmént process, it was concluded by
Shiflett et al. (1982) that system monitoring was a subcategory of each
independently defined function. However, in the current effort, based
on the study of the characteristics and operations of Air Force tactical
c? teams, it was concluded that monitoring is so crucial a function that
its separation from other functions is necessary to evaluate the func-
tioning of the team effectively. The substantially more complex task
and communication situation found in C2 teams, in contrast to the
typical Army teams observed in the previous study, strengthened this

need.

Observations also led to considering the possibility of adding yet
another function to the taxonomy to reflect the frequently occurring
activity of maintaining proper procedures. The addition of thase two
functions to the taxonomy really reflects a finer definition of thc
previously defined functions. In fact, it seems inevitable that as work
proceeds in developing and using the taxonomy for verious purposes, more
functions with narrower definitions will appear (Fleishman & Quaintance,
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1984). Therefore, even this revision of the taxonomy is not likely to
be final. ’

Adequacy of observation and measurement procedures. A major prob-

lem that seamed to emerge from observations of the C2 teams involved the
appropriateness of using the seven-point rating scales previously devel-
oped to measure the team functions in Army teams. The scales seem to be
useful when rating observable behavior, but appear to have major draw-
backs when the functiuns are sccurring in a communication mode. More
appropriate measurement techniques may involve simply ratings of
present/absent, firequency, or timeliness. In other words, when a func-
tion is served inrough a communication, the measurement will simply
indicate that it occurred ard when it occurred.

Some of the difficulties found in using the seven-point rating
scales in the Shiflett et al. (1982) project may be the resu't of the
inappropriateness of such scales for rating tuam dimensions. [t may be
that the team functions do not vary guantitatively but, rather, differ
in an all or none fashion. For example, team members might establish
werk priorities or they may not. It may not be possible to make any
finer discriminations than the occurrence or non-occurrence of the func-
tion. If this is true, then it is more appropriate to use 2 two-point
rating scale of occur/not occur for these dimensions rather than a scale
whicn differs in degyre=.

Even if it is possible to rate team dimensions using a multi-point
scale, it is believed that the initial version of the scale should be of
the simpler two-point version. As mentioned previously, many behaviors
in C2 teams are difficult to observe. I[n addition, the complexity of
behavior in such teams imposes great demands on the evaiuator. Consi-
dering both of these difficulties, it seems appropriate to begin with a N
rating format that is simple to use. If the initiating ratings can be
further discriminated, then more elaborate scales can be developed after
initial testing.

Even though fairly definitive statementc are being made about sug-
gested changes in the measurement technology, it should be noted that
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the team dimension scales were not used to any great extent during the
on-site observations. Actual observation of the functions on an inci-
dent-by-incident basis was sufficiently difficult that the measuring
devices were not used during the cbservation; instead, interviews with
personnel were relied upon heavily, Thus, any final resolution of the
issue of binary vs. multiple-category scales awails the development of
appropriate observational techniques that will permit the monitoring of
the content of communicaticns. '

Suggested solutions to these problems will be elaborated on in the
discussion of a suggested prototype assessment methodology, presented

next.

Prototype Assessment Methodology

An effective assessment procedure requires an evaluation model, an
effective measuring technology, and standardized administration proced-

ures.

An essential requirement for assessing performance in tactical C2
team settings in particular is the presence of a highly knowledgeable
evaluator. The complexity of the situation, combined with the subtlety
of many of the functions, requives a much higher degree of knowledge and
sophistication on the part of the evaluator than would typically be
required in many other team settings. It szems quite apparent that an
effective evaluator would have to be more knowledgeable about c? team
operations than the ARRO project psychologists currently are. This
level of sophistication comes only from expericnce or extensive obser.-
vation and contact with the units.

The use of instrumented cbservation also seems essential for eval-
uating tactical ¢2 teams. The large perceniage of commnunication-based
functions, most of Which occur on radio and telephone, means one must
observe with the ears as well as the eyes. 1In order to do this effec-
tively, the observer must be linked into the communications system. The
vehicle for accomplishing these requirements is already present in the
computer technology used in some tactical c2 settings. An example of
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such an instrumented apprnacn might be the use of an observer's console

which permits the evaluator to tap into any person's communications.
The time of occurrence of a communication, as well as the origination
and terminus points of the cowmunication, can be displayed on a console
and recorded on magnetic tape.

For evaluation purposes, it is important that the measured func-
tions be easily visible or observable, whether by computer or the human
eye. Eventually, the evaluations will be performed by Air Force
staff. It is important that the functions be easily observable without
extensive psychological traihing, and have a reasonable amount of face
validity in the sense that they have an obvious and meaningful relation-
ship to agreed-upon standards of team effectiveness.

Although it appears that hand-scored scales based on direct obser-
vation of team functioning may have limited utility in tactical €2 set-
tings, they will still have an important role. An example of a possible
measuring device is pfesented in Appendix D, utilizing the binary or
present/absent format for describing the function. This rather simple
format provides three types of assessment information:

1. The occurrence of the function.

2. The time it occurred, from which such evaluative measures
as timeliness can eventually be derived.

3. The reactivity of the function--whether it was initiated
by the individual (proactive) or occurred &s a result of
an action or request by another individual (reactive).
This type of information may be useful in assessing the
effectiveness of team function occurrence or skill in
using team functions.

Frequency of QObservations

Since C2 exercises and missions can extend over a period of time
from 4 hours to 4 days or longer, the issue of how much observation is
adequate becomes crucial. The nature of most tactical c2 operations is
such that the procedures are fairly repetitive, and observations over
the entire period will often be highly redundant. Once an adequate base
of information is obtained, additional measurements will not serve a
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useful purpose. On the other hand, it is essential that a minimum base
which covers all the different phases and missions be developed.

The most effective method of observation that satisfies the

~ requirzment for a minimum data base while avoiding excessiQer redundant
observations is to use a sampling protocol that specifies what should be
observed and how often. The most common sampling procedures are episode
sampling and time sampling. In time sampling, predetermined time frames
are sanpled and all other time frames ére not. For example, observa-
tions might occur during the first 5 minutes of each half-hour period of
an exercise. This is a useful sampling device for situations in which
activities are relatively simiiar or cyclical over a long period cf
time. Episode sampling recognizes the existence of complete, self-
contained, episodes or missions that occur within the longer overall
exercise time frame. In this procedure, a certain proportion of |
episodes are observed from beginning to end. This is particularly use-
ful for the tactical C2 situation, since most missions have.clearly
defined beginning and ending points. For example, a typical CRC episode
or mission begins with the entrance of an unidentified aircraft into
controlled space, and proceeds until the aircraft is disposed of by
identifying it as friendly or destroying it if it is hostile. The Air
Force personnel interviewed indicated that it was also important to
observe teams during non-episode periods, since a great deal of informa-
tion about the team can be obtained a* that time. The drawhack to the
episode sampling appraoch is that it does not allow determination of the
state of tactical C2 teams during non-episode periods. Consequently, a
combination of the episode sampling and time sampling procedures is pro-
posed.

The suggested sampling procedure is a prototype and would have to
be adjusted for each c2 team observed. In general, observations will
occur at periodic intervals over the entire exercise period. The length
of a sampling period would be adjusted to be appropriate to the overall
tength of the exercise. In other words, a 4-hour exercise would have
shorter sampling periods than would a 4-day exercise. A 4-day exercise
might even have two intervals defined, a short and a longer one. The
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short interval might be 1 hour, and the longer interval 4 hours. The
observation protocol would require that each team member being observed
by an evaluator be observed at least once each hour or episode. An
observation period per person might be 5 to 10 minutes. At the end of a
4-hour interval, a review of the episodes sampled would be made, and a

sampling adjustment would occur to be sure that tasks not covered duringA

the first interval would be adequately observed during the second inter-
val, ' '

In order to cover all types of episodes or missions-effectively; an
evaluator will need to know as much as possible about what is going on
in the exercise. This means that evaluators will have to spend a sub-
stantial amount of time preparing for the observations. This prepara-
tion will require not only extensive knowledge of the type of team and
exercise to be observed,‘but_also a detailed review of the exercise
scenario or tasking order. Different types of missions can then be
identified and sampled using a stratified sampling procedure. . This
information will also permit the observer to make sure tnat each person
is covered at least once each time period for a complete mission.

Summarz

This section has reviewed the current state of Air Forcelcz eval-
uations, as well as the effectiveness of the proposed team functions
measurement methodology. A revision to the team functions taxonomy was
made, and samples of procedures for measuring these functions were pre-
sented. The need for supplemental instrumentation was discussed.
Finally, a prototype sampling pﬁPtoco1 was proposed that would permit
adequate observations without excessive redundancy. In the next sec-
tion, some remaining methodologigal and theoretical issues will be dis-
cussed, and some topics for future research will be proposed.
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SECTION VI

UNRESOLVED THEORETICAL AND METHODOLOGICAL ISSUES
AND FUTURE RESEARCH NEEDS

Issues in Team Assessment Research

Purposes of assessment. Before observing and assessing a team, it
is first necessary to determine the types of things to obsarve and the
method used to record the observations. How are these decisions made?
The choices will all depend upon the goal or purpose of the observa-

- tion. The requirement for articulation of goals is not meant to place

an unnecessary limitation on the data collected, or the number of pur-
poses that can be served. Perhaps the best way to illustrate the
extreme importance of chearly defining one's goals in a team research
setting is to contrast%the team function taxonomy research approach
leading up to the curreht effort with the research program on task-
oriented teams current1y being conducted by Richard Hackman (1982).

Hackman's researchéis designed to fill a major void in the know-
ledge of task-oriented teams. As noted elsewhere, the vast majority of
research on groups has ﬁeen on small, social or therapy groups, with
less interest or concern for task-oriented teams. Consequently, little
is actually known about!team functions in a task-oriented group.
Hackman chose to study bn]y task-oriented teams in organizational set-
tings and to use method@ to provide a relatively rich and detailed
description of teams and their contexts. His research program requires
the use of multiple observational methods and is also designed to obtain
information for a wide variety of team types, settings, and tasks. The
goal is to describe as completely as possible a team, its task, and its

setting.

In contrest, the team function taxonomy research program had as its
initial focus the identification of team functions that served .to make
effective, synchronized work possible through the appropriate utiliza-
tion of individual skills (Nieva et al., 1978). The taxonomy is being
used to diagnose problems in tactical c? teams for training purposes.
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Compared to Hackman's, the measurement approaches proposed require much
less time and fewer resources, and only those team characteristics
relevant to increasing team effectiveness are rated.

For this effort, it is proposed that a team diagnostic assessment
technique be developed within the context of a mode of team behavior.
It is believed that measure development should be in the broader centext
of testing a model that relates those team functions to overall team
performance. In this type of researcn strategy, it would be inappro-
priate to observe only team functions while ignoring individual skills
and performances or overall team productivity. Clearly, all must be
observed. This approach is being suggested because it combines the
analysis of both the individual abilities and team functions that need
to be considered for training. Placing the assessment instrument within
the context of a model of team processes would allow selection of those
variables that are most important for team effectiveness.

Relative emphasis on measuring idiosyncratic characteristics of
tactical C? teams or general team characteristics. The emphasis in this
study has been on the development of a procedure for measuring and diag-

nosing the effectiveness of tactical c? team performance. The approach
taken has been to review and refine a generic assessment model developed
in previous research by ARRO to evaluate team performance. The model
was intended as the basis for a generalized assessment tool, applicable
to all teams.

From the observations of tactical CZ teams during exercises, it was
determined that the team functions taxonomy model can be used 1s 1 basis
for developing an assessment tool for tactical c2 teams. While the cur-
rent indication is that such a generic model is in fact useful, the
ultimate value of such a tool in assessing 2 teams must await an empir-
ical test of the team functions approach in the field.

One of the important characteristics of the team functions approach
to be further investigated is the question of whether all the dimensions
of the approach are in fact applicable to every 2 team to be evaluated,
and further, whether the contribution of each dimension is in the same
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weighted proportion assigned a priori. Once the approach is fully
developed, it is anticipated that a weighted algorithm will be developed
for arriving at an overall team score. A major question which must be
addressed in any future field test of the system is whether or not all
dimensions are applicab 2 to every c? team, and whether the dimension is

~applicable to the same degree to every team.

Relative emphasis on the assessment of individual and team perform-

ance. The present effort focused on the team aspect of 2 unit perfor-
mance. As a result, the assessment instrument proposed concerns only
team dimensions. The role of individual performance has received inuch
less attention in the research because of the goals of this effort. The
emphasis here, however, should not be used as an indication of the rela-
tive importance of individual versus team factors in tactical C2 effec-
tiveness.

The research literature indicétes that both individual and group
variables affect group effectiveness. There have been a number of
studies showing that member ability, operationalized either as general
intelligence or as spetific proficiencies, has a strong influence on
group outcomes (see reviews by Heslin, 1964; McGrath & Altman, 1966).
There has also been research, with less clear and consistent findings,
showing a relationship between individual team member personality traits
(e.c., adjustment, sociabiiity, dependability) and team effectiveness
(see the review by Heslin, 1964). Team characteristics, e.g., communi-
cation and cooperation, ac. 'int for some additional variance in predic-
ting team effectivness (Deutsch, 1949; Miller & Hamblin, 1963; Naylor &
Briggs, 1965; Steiner & Dodge, 1956). Past research suggests that such
factors as the difficulty or complexity of the task, and coordination
needs, all influence the extent to which team functions affect perfor-
mance (see the review by Bass, 1982). For example, the task that is
highly difficult or highly complex, or has a high degree of coordination
requirement, will have a much greater dependency on the effective util-
ization of team functions than one in which team members are basically
operating independently of each other, even though their individual
efforts may be pooled into some sort of team productivity.
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At this point, -0 answer can be given to the question of retative

~importance of team and individual factors, since their importance in

tactical €2 teams is not known., The relative emphasis -n individual and
team assessment depends on the relative importance of these variables in
affecting team priductivity, and on the purpnse of the assessment.

It is proposed that research be conducted, within the context of
tactical 2 teams, to determine the relative importance of these vari-
ables. Since the assessment of (2 performance is being conducted for
saveral purposes, each purpose will be considered separately. First,
what should be the relative emphasis on team and individual variables in
assessing tactical C2 team performance? - From the assessment perspec-
tive, there should be a regression study in which both team and individ-
ual level variables and team productivity are measured. The variables
that best predict team eftectiveness are those that should be most heav-
ily weighted for assessment purposes. A similar research study could be
conducted considering training. There is a need to determine which
variables are most significant in effective training.

What should be the relative emphasis on team and individual vari-
cbles in diagnosis and remediation of tactical 2 team prablems? Here,
research is needed to identify problems in c? teams and their probable
causes. 'Interventions then need to be developed and undertaken. The
relative extent to which team- and individual-based problems are amen-
able to change should determine the relative weight given to these
variables from a diagnostic and remediation perspective.

Translation of assessment data into diagnostic/prescriptive feed- ..
back. A useful model for plarning this translation process is derived
from the organizational development literature. Kolb and Frohman (1970)
posited a sequence of steps involved in providing and evaluating feed-
back; these are described below:

® Step 1 ~ Djagnosis. The assessment instruments that will be
developed in this research effort can be used for 2 team assessment and
diagnosis. These instruments will include directions about what data to
collect, the sources to be used in collecting the data, and how the data
should be collected.
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Since training is defined as a primary context within which the
team functions measures may be used, then the focus of the research
strategy musi be on develobing measures that will provide adequate
assessment of team performance as well as effective feedback on perfor-
mance of team functions. This feedback and, therefore, the assessment,
needs to be as specific as possible in terms of individua1 behaviors.
It is also necessary to tie the effective performance of team function
tasks to overall team performance. Otherwise, team members will have no
real motivation to improve in these areas, since uitimately the overall
outcome is the only performance that counts. In order to provide
specific, behaviorally based feedback, it will be necessary to utilize
observation and rating scales that provide that kind of information.

e Step 2 - Planning the intervention. In order to use the data
obtained in the prior step for diagnosis and feedback, research studies
need to be conducted. First, there is a need to determine the team
variables and individual level variables that cause problems and reduce
C2 team effectiveness. Second, research must be undertaken to identify
effective interventicns to reduce these problems and improve effective-
ness. This research, when completed, will have linked assessment of
variables to diagnosis of problems, and diagnosis to interventions.

e Step 3 - Action. The intervention may involve feedback, train-
ing, discussion of team problems and planning for change, clarification
of responsibilities, or reassignment and better placement, Since the
assessment procedures will primarily be used for training, feedback is
the key intervention strategy.

In order to use the team functions scales for\feedback, the evalu-
ators themselves must be trained in observation procedures and the
specifics of team functions. Next the evaluatcrs must be trained to
rate the team using the scales, and to provide feedback based on the
rating. A training session might iavolve a simulatipn lasting several
hours in which multiple attacks occur. In an introdyctory training
mode, that simulation would be broken down into 2 seriies of short
episodes, each containing a complete, small-scale scenario such as hand-
ling one track or set of tracks from beginning to end. When the track
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has beeh handled, the exercise would stop for immediate debriefing in
which both positive and negative feedback on critical functions is pro-
.vided. In more sophisticated full-scale exercises, the full-length
simulation would occur with formal procedures for on-site, immediate
feedback (positive as well as negative) while the exercise is proceed-
“ing. It may be necessary to have a large number of trainers or obser-
vers to implement this procedure, since in a complex scenario one
trainer could not provide feedback to more than four or five team
members. The precise span of control for one trainer would be empiri-
cally determined by the complexity of the exercise.

e Step 4 - Monitoring the progress of the intervention. This

involves cetermining whether the intervention is being implemented
properly, and whether it is being accepted.

e Step 5 - Evaluation of effects and costs of intervention. At

this point, an assessment must be made to determine whether the problem
has been reduced and whether the team is operating more effectively.

Future Research

Completion of the instrumént. The first follow-on work should be a

two-part effort, with the first step directed at a sharpening and
reiTining of the model itself. There needs to be a review and revision
of the team dimension descriptions and definitions in light of the find-
ings of this current effort. The definitions of the dimensions need to
he made more precise and the distinctions among the dimensions clarified
and specirtied. Definitions must also be developed for the two new func-
tions: system monitoring and maintaining proper procedures.

The steps involved in instrument completion. are:

1. Revision, by ARRO staff, of the definitions of the team
dimensions.

2. Definitions of the two néw dimensions.
3. Review Bf the definitions by AFHRL researchers and Air
Force C¢ experts. The review would involve an assessment

of the clarity of the definitions and the degree to which
the dimensions can be differentiated.
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4, Preparation of scales to assess the team dimensions. For
jnitial research studies, three ratings are proposed:
occurrence, time of occurrence, and reactivity.

The second phase of this effort would involve a field research
investigation to determine whether the instrument can be used to assess
“team performance. Site visits would be made to four operating teams

(both tactical and strategic) or exercises. The prototype team func-
tions taxonomy scales would be used to assess the performance of the
teams. Air Force personnel will be trained in the use of the instru-
ments and data would be obtained from both contractors and Air Force

raters. ' Questions to be addressed are:
° Are the dimensions clear and distinct?

. Are the behaviors to be scored observable or are data on .
them obtainable?

v Can‘the judgments required by the scales be made by both
contractor and Air Force raters? ‘

e Are the data from the instrument quantifiable? Can a
score or index of performance be derived?

e Are the rating scales applicable to different kinds of c?

teams?

Two methods can be used to provide data to answer these ques-
tions. First, Air Force and contractor raters can provide an evaluation
of their rating task. They can judge: the 2ase of using the scales,
whether it was clear which behaviors were to be assessed, the extent to
which each team could be evaluated using the scales, and the degree to
whichdﬁmportant behaviors were captured by the rating process. Second,
the ratings can be analyzed. Statistical analysis can determine the
similarity of ratings of Air Force personnel and contractiors, and the
extent to which the dimension ratings are distinct. ‘

Results of this study can be used to revise and improve the instru-
ment, and to help clarify the knowledge and training needed to use it.
For eiample, if Air Force personnel find it difficult to use the scales,
then more training is needed.
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Reliability estimation. The technical adequacy of the assessment
instrument also needs to be determined. First, a reliability study
should be conducted. Reliability is the proportion of observed score
variance that is non-error variance (Cronbach, 1970). In this research,
the most relevant type of reliability to study is interrater reliabil-
ity; here, the error variance is due to differences in judgment.
Judgment differ2nces may be due to lack of clarity in the instructions,
unstandardized rafings, or imprecise specification of what the assessor
should observe or evaluate. To determine impact of these potential
sources of error on the ratings, several judges need to evaluate C2
teams independent]y, using the instrument., Both contractor and Air
Force rateers should participate in this study. Inter-rater reliability
analysis can be used to determine the similarity in ra ings of the’
judges. If the reliability estimates are low, revisions in the instru-
ment should be considered, including: clarifying the definitions of
instruments, making the judgment more standardized, or specifying the
behaviors covered by the dimensions.

Validation of the instrun.nt. The next step in the instrument
development is ‘to determine its validity and its usefulness as a diag-
nostic and prescriptive tool. Validity is the extent to which infer-
ences drawn using the instrument are justified and supported by evidence
(American Psychological A_sociation, Division of Industrial-
Organizational Psychology, 1980). This instrument was developed to
assess team dimensions which are associated with C2 effectiveness.
Validity will be assessed by the extent to which judgments of the dimen-
sions using the instrument are related to measures of c2 effective-

ness.

In order io determine the validity of the instrument, first a meas-
_ure of c2 team effectiveness is needed. Such a measure may be based on
quantitative data regarding performance (e.g., kill ratios, number of
successful sorties) or judgments by exercise staff. {These judgments
would be made using a set of scales reflecting overall team perfor-
mance.) A firm set of guidelines and measures needs to be established a
priori to serve as criteria, and there needs to be strong evidence that
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the criteria do, in fact, reflect some measure of overall performance
(e.g., consensus of subject-matter experts).

A €2 team's effectiveness would be determined using this measure.
Then the team would be independently evaluated using the team dimensions
rating scales. The validity of the scales is the extent to which scale
scores correlate with the scores on. the effectiveness measure.

After determining the validity of the instrument, research needs to
be conducted on its generalizability and the degree to which it is use-
ful for different C2 teams in different scenarios. Studying the instru-
ment's generalizability would involve repeating the prior research steps
under varying conditions, Different teams, and teams exercising in
diverse scenarios, would be assessed. Evaluations would be made of the
instrument's teéhnicaI adequacy and ease of us2. The research designs
described previously, concerning field testing, reliability, and vali-
dity, would be used again. -

After these basic steps are completed and it has been demonstrated
that the model is actually useful in team assessment, other impo:-tant
research issues concerning the use of the assessment method could then
be addressed. Several possible issues are listed below.

o What is the utility of the output of the model %o train-

ing developers? Is it useful as a diagnostic tool in
identifying the areas where training needs strengthening?

e Where in the training cycle does assessment work best?
Can evaluation using the taxonomic model be implemented

at any time during training? Are there differences in ——— o

how the model should be used or interpreted depending
upon where in the training cycle it is used?

¢ How do the results of the evaluation using the taxonomic
model relate to individual performance? What is tha
relationship between the diagnosis of team performance
deficits and the need for individual improvement?

e Does the instrument identify problems that are signifi-

cant? If these problems are remediated, is the team more
effective? .
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Project Summary

This study was conducted in order to improve the methods currently
used to acsess tactical C° teams. After reading the literature on c?
teams anc interviewing Air Force personnel about 2 team assessment; it
was concluded that there was no formal, systematic evaluation of tacti-
cal C2 teams.  Instead, the outcomes of C2 performance are assessed.
These assessments rarely consider the team aspects of C2 performance and
are not standardized. '

As a foundation on which to develop an improved assessment method,
a model uffteam effectiveness was prepared. There are three aspects of
effectiveness in the model: productivity (outcomes or products), opera-
tional readiness (member abilities and team functions), and motiration
(energizing of behavior). This study focused on one aspect of opera-
tional readiness: team functions. In previous ARRO studies (Nieva et
al., 1978; Shiflett et al., 1982), a taxonomy of team dimensions! was
prepared and rating scales measuring the dimensions were develop?d.
During observations of training exercises in which tactical c? t?ams
participated, the usefulness of the taxonomy and the rating sca]gs was

studied. ' ‘ |

It was found that all the dimensions in the taxonomy could be
observed and that two new dimensions should be added. It was al%o B
determined that the rating scales should be modified for assessing tac-
tical C2 teams. This paper includes recommendations for revisiné the
scales and fqr'assessing their usefulness and technical adequacy.
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APPENDIX A

Team Function Rating Scales Used in the
Shiflett, Eisner, Price, & Schemmer (1982) Study

NOTE: Instructions assume a laboratory experimental setting as con-
ducted by Shiflett et al. (1982). Instructions would be adjusted
to the appropriate Cz setting, as necessary. For example, in a
CRC,’episodes begin when tracks first appear on a scope, and end
when the track has been dealt with. Instruction might then read,
"Was the function present during the episode just observed?" o
This instruction could be followed by a definition of the dimen-
sion and a scale which includes: "Present," "Absent." "
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TEAM FUNCTION RATING SCALES.
I. ORIENTATION

Was the ORIENTATION function present in the videotaped segment
you just viewed?

YES : NO

If "yes," rate the following four ORIENTATION scales
(1A, 1B, IC, ID). If "no," go on to function II.

IA. Rate the extent to which you perceived the ORIENTATION
function occurring in the videotaped segment.

7 —r— The team activities were exclusively

concerned with crientation. ‘

6 ——

5 -

4 4 The team activities were moderately
concerned with orientation.

3 e

2

-] ——— The team activities included a small

amount of orientation.
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I. ORIENTATION

(Number of Personnel)

IB. Rate the extent _tb which you perceived the ORIENTATION
function occurring in the videotaped segment by
indicating the number of team personnel involved in
orientation. (Caution: Remember that the scale values
represent levels, not actual numbers of men involved.)

7 —r— The full complement of men was involved in
" the orienting information exchange.

4 Approximately half of the team was involved
1ir. the orienting information exchange.

1 —-4— The orienting information exchange occurred
primarily between two teamn members,
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I. ORIENTATION

(Duration of Orientatibn)

IC. Rate the extent to which you perceived the ORIENTATION
function occurring in the videotaped segment by indi-
cating [the duration of time devoted to orientation.

7 -y  The entire duration of videotaped
: _ ‘ activity appeared devoted to
P : orientation.

4 -  Approximately half of the videotaped
activity appeared devoted to orientation.

1 — A very small amount of videotaped
: activity appeared related to orien-
. ; _ tation.
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I. ORIENTATION

(Types of Orientation)

ID. Rate the extent to which you perceived the ORIENTATION
function occurring in the videotaped segment by indi-
cating the number of types of information exchanged.
Types of information may include reference to tasks,
goals, procedures, task priorities, team members, equip-
ment, environment, or operational constraints, as well

as feedback.

7 - The information exchanged included
F—— all types of information.

6 —~4—

5 -

48 The information exchanged concerned

several types of information.

3 -~ i

2 4

| R - The information exchanged basically

concerned one type of information.
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I1. RESOURCE DISTRIBUTION/LOAD BALANCING

Was the RESOURCE DISTRIBUTION/LOAD BALANCING function present
in the videotaped segment you just viewed?
YES NO _
If "yes," rate the following three RESOURCE DISTRI-

BUTION/LOAD BALANCING scales (IIA, 118, 1IC). 1If
"no," go on to function III.

IIA. Rate the extent to which you perceived the RESOURCE
DISTRIBUTION/LOAD BALANCING function occurring in the |

t videotaped segment.

y 7 —r—  The team activities were exclusively
/ concerned with resource adjustment/

load balancing.

4 - The team activities were mcderately
concerned with resource adjustment/

load balancing.

] — The team activities were only slightl
~ concerned with resource adjustment/

load balancing.
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II.. RESOURCE DISTRIBUTION/LOAD BALANCING

(Number of Personnel/Amount of Equipment)

11B.

“adjustment.

Rate the extent to which you perceived RESOURCE DIS-
TRIBUTION/LOAD BALANCING by indicating the number of
personnel/amount of equipment included in the resource

'Al1 of the team personnel shifted
their efforts from one task to
another to further the mission; or

6 —— all of the team's equipment was re-
distributed for the team effort.

5 4

4 4 Approximately half of the men (or
equipment) was redistributed for
the team effort.

3 _

ke Almost no one shifted his efforts
to respond to a local imbalance; or
only a minor piece of equipment needed
to be redistributed for the team
effort.
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I1. RESQURCE DISTRIBUTION/LOAD BALANCING
(Interchangeability of Men or Equipment)

IIC. Rate the extent to which you perceived RESOURCE DIS-
 TRIBUTION/LOAD BALANCING by indicating the degree to
which persons or supplies were interchangeable and
did not disrupt the team effort.

s : 7 ~——p——  The team effort proceeded undis-
' rupted when resources were re-
allocated. (Resource adjustme...
6 -1 was a normal part of the task
requirement.)

5 4

4 - The team effort underwent moderate
disruption when resources were
reallocated.

3 -

2

1 - Team activities were severely dis-
rupted when resources were reallo-
cated.
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; \ IT1. ACTIVITY PACING

Was the ACTIVITY PACING function present in the videotaped
segment you just viewed?

YES NO

—— emse——

If "yes," rate the following three ACTIVITY PACING
scales (IIIA, IIIB, IIIC). If "no," go on to
function 1V.

IIIA. Rate the extent to whicnh you perceived the ACTIVITY
PACING function occurring in the videotaped segment.

J 7] —— The team activities were characterized

by a great deal of activity pacing.
/ 6 -
\ 5 4
4 - The team activities were characterized
by a moderate amount of activity pacing.
3 —
2
1 —d The team activities were characterized

by low levels of activity pacing.
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IIT. ACTIVITY PACING

(Communications about Speed/Timing Changes)

I111B. Rate the extent to which you perceived the ACTIVITY
PACING function occurring in the videotaped segment
by indicating the number of communications about
starting or stopping activities, or about changing
the speed of activities.

There were many communications
regarding speed changes, or
starting or stopping activities.

5 —+

4 There were several communications
regarding spe2d changes, or be-
ginning or stopping activities.

3

2

There were no communications
regarding speed changes, or
starting or stopping activities.
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I11. ACTIVITY PACING
(Visible Speed/Timing Changes)

ITIC. Rate the extent to which you perceived the ACTIVITY
PACING function occurring in the videotaped segment
by indicating the extent to which there were visible
speed or changes exhibited by the team.

There was a great deal of change in the

speed of the activities.

6 ——

5 -

4 - There was a moderate amount of change
in the speed of the activities.

3

2

| QR There was almost no change in the

speed of activities.
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IV. RESPONSE COORDINATION

Was the RESPONSE COORDINATION function present in the video-
taped segment you just viewed?

YES NO

If "yes," rate the following four RESPONSE COORDI-
NATION scales (IVA, IVB, IVC, IVD). If "no," you may
stop and wait for the next videotaped segment.

IVA. Rate the extent to which you perceived the RESPONSE
COORDINATION function occurring in the videotaped

segment.

7 — The team activities demonstrated a high
degree of response coordination.

4 4 The team activities demonstrated a
moderate degree of response coordi-
natiqn. S

] —t The team activities demonstrated a
low degree of response coordination.
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IV. RESPONSE COORDINATION

(Involvement of Team)

IVB. Rate the extent to which you perceived the RESPONSE

' COORDINATION function occurring in the videotaped seg-
ment by indicating the degree to which the whole team
was involved in the coordination effort.

|
|
[

7 The ent1re team was involved in the
coordination activities. |
6 £
1
1
5 !
|
|
4 - About one-half of the team was 1n— ‘
volved in the coordination act1v3t1es.
s !
2 -
) Only a small part of the team was in-
volved in the coordination of the
activities.
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IV. RESPONSE COORDINATION

(Complexity of Coordination)

IVC.

Rate the extént 10 which you perceived the RESPONSE
COORDINATION function occurring in the videotaped seg-
ment by indicating the degree to which the team coordi-
nation efforts occurred in a complex and detailed manner,
kequiring careful and continuous monitoring of other

tecam member activities.

7 —p—  The response coordination involved very

complex and detailed adjustment and
sequencing of behavior.

6 ——
5 .-
4 —— - The response coordination involved
moderately complex adjustments and
: sequences of behavior.
G ——

—t— The response coordination involved
sirple adjustments and sequencing of
behavior.




Iv. RESPONSE COORDINATION
(Similarity/Dissimilarity of Activity)

IVD. Rate the extent to which you'perceived.RESPONSE COCRDI -
NATION occurring in the videotaped segment by including
the degree to which the response coordination involved
similar activities from team members or dissimilar acti-

vities.

The team activities demonstrated con-

siderable variety in their coordination
actions.

6 '

5

§ - The team activities demonstrated
moderate variety in their coordina-
ting actions.

3 -

2

1 —te The team activities demonstrated

little variety in their coordination
actions (all team members were per-
forming similar coordinating actions).
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APPENDIX B

Interview Questions Used for the C2 QOperations Staff

What ‘is the major responsibility of this team?
Who are the members of this team? What does each member do?

'In'order to develop or revise an evaluation tool, we first need
to understand the team and its members. 1 would like to dis-

~cuss the critical tasks performed by each team member. Tasks

are critical if, when they are not performed adequately,
serious consequences result. For each team member, what tasks
could lead to serious consequences if not performed adequately?

whét tasks are often not performed properly? For each team
member, what are the tasks that are often inadequately carried
out? ‘

We have discussed each team member. Now ! would like to talk
about tasks performed by the team as a whole or by several mem-
bers together. Such tasks involve interaction between team
members and coordination of activities. What team tasks are
Tinked to important outcomes or products?

What team tasks have serious consequences if not performed
adequately?

For the team tasks you have mentionzd as critical, how much
flexibility is allowed in the manner and sequence in which the
tasks are performed (i.e., are there strict operational pro-
cedures that must he followed)?

In research on non-military teams, the followina team factors
have been identified as important (show respondent list of var-
jables in Tab]g 1). Let us discuss whether these factors are
important in C< teams and just where they apply.
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APPENDIX C

Interview Questions llsed for the Evaluation Staff

Let us discuss the evaluation of this team. What is your role
in evaluation?

How is the performance of personnel in this team evaluatod?

Is the evaluation standardized? If not, who plans it? How is
it planned? What documentation exists to guide the planning
process?

Is diagnostic information/feedback provided to team members
about their perfcormance? Are there rewards for superior
performance and repercussions for inadequate performance for
team members? For their commander?

Who uses the results of the evaluation? How are they usec?

What are the advantages of each method of evaluation?
Weaknesses? How can the evaluation be improved?

133
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APPENDIX D

PROTOTYPE INSTRUCTIONS AND ASSESSMENT FORM
FOR MEASURING TEAM FUNCTIONS

Make a mark each time a communication sekves a team function.
Place the mark in the columns on a minute-by-minute basis. Mark the |
column if the individual initiated the action without any other intery
personal contact. Mark the R column if the individual performed the ?

function in response to an action by another team member. :
!

Use a separate observation sheet or set of forms for each situation
or episode. For example, the complete cycle of observing and identifj-
ing unknown tracks through the disposing of them, either by identificé-
tion as friendly or destruction if hostile, represents'a complete E
episode for a CRC. For the Weapons Team, however, the cycle begins wfth
being assigned the task of intercepting a track already identified as%
|

hostile or unknown,
Definitions of each function along with various examples are

attached for reference.
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DEFINITIONS AND EXAMPLES OF FUNCTIONS

1. ORIENTATION

ORIENTATION concerns the extent to which orienrting information is
exchanged among team members. ORIENTATION provides facts. It does not
command or initiate action. The information exchange may concern work,
tasks, goals, procedures, task priorities, team members, equipment, the
environment, or operational constraints. Feedback about previous per- '
formance can also qualify as ORIENTATION. ORIENTATION always occurs in
the form of a communication. Orienting information diffefs from non-
orienting information in that orienting information is always task
related, while non-orienting information is extraneous or irrelevant to
the task. o

The extent to which teams exhibit the ORIENTATION function is
related to the number of team members participating in the orientation,
the length of the orientation, and the type of information exchanged.

Examples of Orienting Information:

~1. "Mission accomplished.”
2. "We have seven unidentified tracks at 180 degrees."
3. "I have four missiles left."

Non-Orienting Information:

1. "The sun is shining.,"
(Spoken in the course of normal conversation, this would be
non-orienting information. However, in another situation where
the sun's shining is critical to tasx performance, such as
photographing into the sun, this could become orienting infor-
mation. The context in which the statement is made, therefore,
must be considered in distinguishing between orienting and non-
orienting information.)
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IT. RESOURCE DISTRIBUTION/LOAD BALANCING

RESOURCE DISTRIBUTION or LOAD BALANCING concerns the degree to
which team members adjust their activities to rediétribute their person-
nel resources, equipment resources, or information resources. RESOURCE
DISTRIBUTION or LOAD BALANCING occurs when team members recognize or
respond to a perceived imbalance in their team resources.

RESQURCE DISTRIBUTION may occur as either a communication (e.g., a
command or request for additional manpower or equipment) or a behavioral
action. As a communication, it is distinguishable from ORIENTATION in
that the communication contains a definite implication or request for.
action rather than being simply a statement of fact. When RESOURCE
DISTRIBUTION occurs as a behavioral action, the adjustment is always a
team effort rather than an individual effort; one person adjusting a
piece of equipment on his/her own initjative, as a normal part of the
job, does not constitute RESOURCE DISTRIBUTION.

The degree of RESOURCE DISTRIBUTION may be judged by noting the
amount of communication regarding redistribution, the number of person-
nel or amount of equipment that is redistributed, the interchangeability
or adaptability of the personnel or equipment that is redistributed, and
how the resource allocation is initiated. '

Communication Examples:

1. "Help me out!"

2. "Blue Eagle, turn left 180°, and prepare to intercept
unidentified aircraft."”

Behavioral Examples: : e

1. Two firefighters coming over to help a third firefighter hand-
ling a hose with high pressure water,
2. Dishwasher comes out to clear off tables during a busy period.
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III. ACTIVITY PACING

ACTIVITY PACING is the extent to which a team changes the timing or
speed of its tasks to facilitate the team mission. Speed and timing
changes refer to the efforts of a team to increase, decrease, or main-
tain its pace on-a task. These efforts can involve changing the pace of
the entire team or adjusting the pace of part of the team in relation to
other team activities.

ACTIVITY PACING may occur as either a behavioral action (e.g., the
team slows down the pace of one task while increasing the speed of -
another) or a commurication. The communication is often in the form of
a command or request intended to initiate, direct, or control the'timing
or speed of events; it differs from ORIENTATION in that the communica-
tion contains a definite implication for action rather than being simply
a statement of fact.

ACTIVITY PACING is distinguished from LOAD BALANCING in that it
invelves no change in personnel or equipment distribution; it is con-
cerned simply with timing and speed. ‘ ‘

Communication Examples:

1. "Let's get that status board up to date.”

2. "Slow down, you're running away from your target.®
3. "Take your time."

4, "Start when I tell you to."

Behavioral Examples:
1. Sandwich maker in snack bar working faster when there is a long
~__line at the counter. 7
2. Two firefighters start walking, then break into a run to come
over to help a third firefighter with a high pressure hose.
3. Any obvious change in the speed of an action in response to
comnunication or change in the situation.
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IV. RESPONSE COORDINATION

RESPONSE COORDINATION refers to the degree to wh'
coordinate their responses in relation to a piece of
example, in maneuvering a heavy desk, team memb.
sate for, or adjust to the actions of others who - - ,
the desk. The degree of respunse coordination is thus related to unc
requirement for coordination, the complexity of the adjusting actions,
and the extent to which the.adjusting actions need to be ordered {occur
simultaneously or in sequence) as cpposed to occurring spontaneously
without reference to order. ' ' '

RESPONSE COORDINATION almost always occurs in the form of a visible
behavior. Since RESOURCE DISTRIBUTION and ACTIVITY PACING activities
may also involve some degree of RESPONSE COORDINATION, use the latter
function only when RESOURCE DISTRIBUTION and ACTIVITY PACING are not
present, or when they are c]ear1y‘serving the more comr.ex requirement
of RESPONSE COORDINATION.

Examples of Response Coordination:

1. Two men chopping down a tree, alternating th  r axe chops into
the same cut.

2. A "buzket brigade" at a fire where a bucket is passed along a
chain of people to the fire.

Communication Examples:
1. "Don't fire until I give you the word."

2. "Squadron flying in formation."
3. "When I get the updated ATO, you get the intelligence reports."
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~ 7 «M MONITORING

SYSTEM MONITORING has the pu}pose of ERROR DETECTION or PROBLEM
ETECTION., It refers to human actions designed to determine whether
ther team members are doing what they are supposed to and at the right
“ime. The detection of a problem or error will usually result in the
erformance of one of the other functions in order to correct the detec-
ted problem, va things are "Q0K", then feedback to that.effect may ‘
occur,

SYSTEM MONITORING is usually eyidenced in asking of questions.
Note that the gurgose of the question must be to assess the state of
current operations in some way in order to be SYSTEM MONITORING. A
question simply to obtain some information (even if task-relévant) would
be an example of ORIENTATION rather than SYSTEM MONITORING.

System monitoring will usually be in the form of questions:
1. "Where are you?"

2. "What's your fuel status?®
3. "lIs this track identifier correct?"
4, "Have you ID'd the unknown at 2 o'clock yet?"
5. "Is your scope working?"
141
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VI. PROCEDURE MAINTENANCE

PROCEDURE MAINTENANCE is designed to make sure everyone is follow-
ing proper prccedures, which are usually pre-determined by equipment
configuration and standard operating procedures. In some emergent
situations, an ad hoc procedure may have been mandated by the commander
and PROCEDURE MAINTENANCE would reinforce the proper functioning of the
new and relatively unfamiliar procedures.

You may need to know correct procedure in order to distinguish this
function from others. For example, "Call the WAO first" will be a
PROCEDURE MAINTENANCE function if it is said in‘responée to an error in
established procedures, but it may be RESPONSE COORDINATION if said
simply to correct ‘some coordination problems.

Examples of Procedure Maintenance:

1. "Call the WAO first."

2. "Turn your radio on."

3. "Stay in formation."

4, "Get that information to surveillance."
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IDENTIFYING FUNCTIONS BY PURPOSE/GOAL SERVED

In order to determine the presence of a particular function, it is
often useful to ask what purpose or goal the behavior s serving.
Remember that at least two individuals must be involved for a function
to occur. '

Orientation

The purpose here is to provide information that somehow relates to
or maintains team activities either (a) by providing feedback about per-
formance or (b) by telling other team members about the situation they

must work in.

kesource Distribution/Load Balancing

The purpose here is to adjust resources--either equipment, mater-
jals, or manpower.

Activity Pacing

The purpose here is to alter or maintain the speed of an operatior
(a) to keep team members at the :ame approximate pace or (b) to get team
members into proper pace with respect to one another.

Response Coordination

The purpose here is to accomplish a task that could not be per-
formed by one individual, in a coordinated, synchronous, harmonizing

manner,

System Monitoring

The purpose here is to make sure that all operating procedures are
occurring smoothly and effectively, by checking for errors and

omissions,

Procedure Maintenance

The purpose here is to assure that the system’opefates properly by
making sure that all operations and procedures occur properly and at the
proper time,
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|
| ) , EXAMPLE OF HOW THE SAME OR SIMILAR BEHAVIOR
E CAN SERVE DIFFERENT FUNCTIONS

The pit crew of a race car driver sends information to the driver
N by means of easily visible signals. '

o One signal might tell the driver to increase or decrease
his speed (Activity Pacing).

e One signal might tell him how many laps until the next
pit stop, or the condition of a tire, etc. (Orientation).

& One signal might tell him to come in for a pit stop to
adjust equipment or to change drivers (Load Balancing).

e The actual pit operations can simultaneously include
changing the tires, gassing up, giving water and food to
the driver, and performing other adjustments to the car
(Response Cnordination).
Although the pace of this activity is very high, once the action is
underway, Activity Pacing is not an element unless there are changes or

attempts at changes in the speed of operations.
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