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BACKGROUND jHan ;m A 3

Where the successful sccomplishment of am orgamigation’s mission
requires the coordinated contributions of two or more individuals
collectively identified with the achievement of a common objective, the
conditions for characterizing 3 team are operationally defined. While there
has been much research on teams, functiomal amalvses of team performance
under field or simulation conditions, typically imvolving constant scenario
ervironments, have heen limited by the lack of opportunity teo introduce
experimentsl interventions intended to identify factors that differentially
affect individual amnd small-group performarce. A review of the extensive
literature in the area suggests that research on team performance
effectiveness would benefit from the development and application of an
effective methodoloqy for extended-duration analyses of such situations,
urder conditions that provide for operational task assessment and
gvaluation withim the context of a comprehersive living and work settina.

0f predominant importance is arn understandimg of factors that affect a

team’s sbkility to accomplish mission objectives.

;
7

/

/ RESEARCH OBJECTIVES
 ;>A research proiect was undertaken to investinate performance

effectiveness within the context of a lakaratory envirorment in which both
interpersonal and work behaviors can be continuously monitored and evaluat-
ad over extended time periods (e.q., days). The project 4id not attempt to
simulate 3 specific operational enviremment. FRather, the laboratory
facility was designed to a3ddress 3 broad range of performance problems from
the perspective of a functional analysis of performance effectiveness. It

is essentially 3 programmed enviromnment with desiqn features and meazure-
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ment capabilities that permit the accurate assessment of relationships be-

N tween antecedent conditions (e.g., incentive schedules, membership turn-

ik Bl
.

- over, etc.), and performance effectiveness. ~j5>' /23/9'7ﬂ3 )

The specific research objectives were as follows:
(1) Development of 3 residential laboratory in which 2-persorn and
g: 3-person teams could reside for 10-15 days under conditions of continuous
observation, .
(2) DPevelopment of 3 behavioral program to structure group members”
access to laboratory resources and to generate performance haselines, i:;
(3) Development of individual and team performance tasks, the latter é;ﬂ
reguiring coordination among team members,
(4) Evaluate the effects of incentive schedules on individual arnd team

performance, and

- P
ot £ .
\ et

(%) Evaluate the effects on individual and team performance of

2.

introducing a8 novitiaste participant into an established team and of

OO0

replacing an established team member with a3 novitiate participant.

THE RESIDENTIAL LABORATOKRY FACILITY

The residential laboratory consists of five rooms and an
. interconnecting corridor, and it was constructed within 3 wing of the Henry -~
Phipps Psychiatric Clinie a3t The Jobns Hopkins University School of
Medicine. The rooms are enclosed: they have their own walls and ceilings, }f?
: but no windows, althouqh access to an outside terrace can be granted as 3 ;?;
research protoccol may permit. Each of the three identical :QL
private living quarters (2.6 % 3.4 ¢ 2.4 m) is similar to a small :fj

efficiency apartment. The social recreation area (4.3 % 6.7 ¢ 2.7 m _—

‘.-..
a = 7

contains a complete kitchen facility alormg with exercise equipment and

»

games. The workshop (2.6 = 4.1 x 2.7 m) contains operator consoles for

\' 'n ,l
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individual and team performance tasks. A common bathroom serves the

- recreation and workshop 3reas. In summary, the proarammed enviromment can ]
- _-‘\4'.,

; ‘ . o . . . [N ..‘ -
accommodate at least three participants for intensive experimental Ny

e

analyses. More study subjects could be added to an experimentsal protocol

by allowing them temporary residence within the recreation 3rea alomng with

periodic rotations to the privacy of the individual quarters when solitary

members move to the recreation area. Ty

The labkoratory is "programmed® in the sense that its resources are Ea
restricted by design features that electronically requlate asccess to stor- LE
age compartments or to areas containing supplies necessary to accomplish :f:

a given performance unit.
A detailed description of the residential latoratory is presented in
TR~-ONk-6 (Experimental Analysis of Team Performance: Methodological

) llevelopments and Research Results).

THE BREHAVIORAL PROGRAM

To structure the team members’ use of the laboratory’s reszources in 3
disciplined yet meaningful way, 3 behavioral program was developed to
; establish and maintain individual amd team performance baselines as well as
to provide the context for experimental mamipulations of performarnce

s interactions during extended residential missions. A behsvioral program i€

defimed by (1) an array of activities or behavioral units and (2) the rules
noverning the relationships among those activities. Each activaty

. represents a3 distinct behavioral uynit and performance requirement, with

proqgression through the various activities programmed sequentially.

Firally, 311 behavioral units are scheduled orn 2 *contingent' basis, which

means that access to a succeeding activity depends upon satisfaction of



the requirements for the preceding unit.

A description of 3 typical behavioral program, methods of stimulus

4.
o e
telala) s

control of component activities, and the composition of activities are pre-

.

sented in TR-ONR-4 (Exuperimental Analysis of Small-Group Ferformance
Effectiveness: Behavioral and Biological Interactions).

The behaviaral program provides 3 promising approach to the problem of
structuring the resources available to a confined microsociety. The
functiornal interdependencies among activities ensure that performances af
value to the welfare of the individual (e.q., physical exercise), to the
welfare of the team (e.q9., social recreation), and to the welfare of 2
‘mizsion’ (e.q., sustained performance effectiveness) occur recurrently
over time. These functiomnal interdependencies reflect the *motivational®
properties inherent within successive progressions through the proaram, and
all incentives to maintain the overall operational status of the
arganigation can reside within the behavioral schedule itself, althousgh
superordinate objectives (e.q., money, adventure, command, etc.) clearly
occasion participants’ presence within such 3 setting.

The behavioral program not omly structures asccess to resources but
also makes 3ll corresponding activity units available for measurement. The
bhoundaries bhetweer successive activities in the proqram impose riqor on the
assessment of individual and group preferernces and effectiveness within
those activities. Additiomally, the proaram has the advartage of providing
3 comprehensive range of variables for observation and measuremenrt. For
example, a3t ome level, a3 subject’s performance on a3 synthetic work task
could he assessed (e.5., errors, response latency, etc.), and at another
level, 3 subject’s frequency ard Jduratiorm of proaressiomns through the pro-

qram could be assessed without reqgard to the intersive amalysis of compo-
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nent activities composing such progressions. Moreover, the social status

of the microsociety may be assessed by observing the degqree of ‘*synchrony”
amaong subjects in the selectiorn and completion of similar activities at the
same time. Observations of subjects’ communicsation networks alomng with the
frequency, duration, and guality of dyadic and triadic social episodes
complement synchrony messures. All these factors, then, contribute to =
method that has considerable power in the analysis of variables that

impact wpon individual arnd team performances, especially with regard to

the potential interrelationships between the effectiveress of such per-~

formances and other aspects of the work environment.

PERFORMANCE ASSESSMENT

A Multiple Task Performance Battery (MIPE) served as the measure of
complex human performance. The MIFE was composed of the following five
subtasks that were presented simultaneously, on a CRT monitor, to an
individual operator: (1) probakility mornitoring, (2) arithmetic
nperations, (3) warning lisght vigilance, (4) dymamic signal detection, and
{5) target monitoaring and recognition. Accurate operation of the subtasks
produced *accuracy points® that were cumulatively displaved on the CRT.

The team performance task was an expanded version of the single-
operator MIPE. The Team MTPE (TMTFB) irnvolved three operator conzoles,
all of which presented the identical display of the five task comporents.
The parameters of these tasks were modified to 3 difficulty level such that
the concurrent inputs of ithree operators were required to aveoid information
overload and to produce maximum performance effectiveress per unit time.
The "team® 2spect of the task was reflected by the interlocking response
demands associated with the probability monitorima subtask, and it was

embedded within the context of the remainina four individually solvable
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l subtasks. The team subtask required the detection of a bias that was e

recurrently presented on any one or more of the four probability monitor-

TIPS

ing scales. To "correct® a bias, all of the three operators were required

:£

. to press the corresponding *correct' keyhoard character within 0.6 sec of
i% the first such keyboard emntry. Correction of 3 bias produced increments in
?' accuracy points, and a team’s failure to detect and correct a3 bias resulted
:l in subtractions from accumulated points. The team task, then, required

(1) processing of symbolic information (i.e., the detection of a biag),

(2) sharing information by communications amorg team memters (e.q., One
operator may say "Bias on one. Ready...Go.'), (3) coodination of a
response (i.e., three response inputs within 0.6 sec), and (4) sustained
vigilance to aveoid loss. This team task reflected the major performance
dimensions considered to be importanmt in developing methods for
gquantitative anszlyses of the interrelationships hetween individual and team
performance effectiveness.

Descriptions of the individual and team task are presented,
respectively, in TR-0ONEK-2 (Appetitive ard Aversive Reinforcement Schedule
Effects on Team Performance) amnd TR-ONR-10 (Behavioral and BRiological
Effects aof Changes in fGroup Size and Membership). Examples of multivariate
techriques applicable to team performance effectiveness analyses are

presented in TF-ONR-1 (Event Time-Series Applications to the Analysis of

Behavioral Events). Finmally, physiological responses to individual MTPE ]
performance are presented in TR-ONR-S5 (Sustaired EKlood-Fressure Kesponding Q%ﬁ

lurinmg Synthetic Work),

PARTICIFANTS

Forty-five male and female volunteers participated in the research

“e

&>

.':'.f:'.';'.‘:..'\ *’\ " % \.".'(". . vy ....\. R R R R \:.‘.:.\- .‘..-...(._-".' .-...-.:

EENE PN ACACAEN M e T e o

T e it et et e e e L e e .
LR RO Sl LA IR L -




v e e e

‘L3

-
.‘n

program, and only one subject withdrew from an experiment before its
scheduled completion. Almost 23ll participants had 2 colleqe background,
and most were graduates. Acceptance into the research program followed
psychological evaluation and detailed orientations to the laboratory and to
the oehavioral program. The research irnvolved no elements of deception,

ared informed comsent was an i1nteqgral component of the orientation.

INCENTIVE EFFECTS

Four studies were conducted to develop a latoratory model that
would allow systematic exploration of individual and social by-products of
aversive incentive conditions. Under a positive incentive condition,

*woerk units® {e.3., physical exercise, manual operations, MTPE performance)
were completed by individual team members, and each such unit added a fixed
amount to 3 g9roup account that was divided zsvenly among the three subjects
at the conclusion of the experiment. Under an avoidance (i.e., averszive)
incentive condition, however, no money was earned. fGroup members were
assigred a daily performance criteriom to satisfy as a team, and failure to
reach the criterion resulted in reductions in accumulated earnings. The
two incentive conditions appeared inm various orders and duratioms across
the series of investigations.

Comparisons between conditions omn a number of behavioral program
measures showed the deleterious effects of the avoidance incentive
condition. Uisruptive by-products of that conmdition included
(1) interperconal confronmtation amd amntagonism, especially by high-
productivity subjects toward low-productivity subjects. (2) vociferous
writtern and spoken complaints about the schedule, (3) writtern and spoken
hostility directed toward the experimenters, and (4) dysphoric feelinags.

The impact on performarce effectiverness during the avoidance cordition wasn
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demonstrated by one team member who refused to work further on the MTPE
when another member fell somewhat behind in his share of work as agreed
upon by team participants. In contrast, under the positive incentive
condition, such disruptive effects did not occur even when extraocrdinary

performance productivity was observed, and a several-day history of

negative effects could be overcome by reintroducing the positive condition.

These effects emphasized the interaction between heterogeneity in work
productivity within an oraqanization and member tolerance and intolerance
of such heteroqgeneity urnder different incentive conditions.

Netailed analyses of these studies are presented in TR-ONK-2
{Appetitive and Aversive Reinforcement Schedule Effects orn Team FPer-
formance) and TR-ONE-9 (Positive and Neqgative Keinforcement Effects on

Behavior in 3 Three-Person Microsociety).

EXTRA PERSON INTRODUCTION/WITHDRAWAL

The foregoirng investigations clearly established social variables as
fundamertal indices of the overall ststus of a confined microsociety,
ard they emphasized the sensitivity of such variables to a3 range of
experimental manipulations havimng significance for real-~life situations.
Throughout such studies. it was observed that mission participants sought
social interaction under orne set of conditions (e.q., positive performance
outcomes) and withdrew from such interaction under other conditions
{e.q., aversive performance outcomes). Thus, the joiring and leavinma of a

aroup by mission participants, unc»r circumstances encompassing more than

3 single environmental condition, appeared to qererate social effects that

reflected important dyvmamic processes requiring systematic experimental

analysis.
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Accordingly, six team performance effectiveness studies were
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conducted to assess the effects on individual and g9roup behavior of a

PN P
.

novitiate participant’s introduction into and subsequent withdrawal from

s 04w
o
“ets e

. 3 previously established and stabls two-person social system. The objec-

tives were to focus upon (1) the social mechanisms anmd temporal proper-
ties associated with the integration of such a participant into an

established team and (2) sources of group disruption or cohesiveness

fostered by his or her presence. Additionally, we beqan to measure changes
in level of urinary testosterone as 3n endocrinologieal index of demon-
strated sensitivity to social interaction effects im both amimals and
humans. This behavioral-biological analysis was used to provide a more
romprehensive assessment of the persomnal and social impact generated

by the introductionm and withdrawal of new members with an established
Qroup.

The paradigm adopted for experimental analyvses of effects of charnaes
irm group size was as follows. A two-person group resided for ten
zuccessive days within the programmed environment, arnd the members operated
performance tasks for their earnings. Durimg that tern~day period, a third
*riovitiate" participant was introduced into the programmed environment
for several successive days, increasing the group size to three members.

A typic:z. "introduction® period with three group members lasted four davs,
and it usually begamn on Day 4 or Day 7 of a temn~-day experiment.

The rule conditions asseciated with the rovitiate’s entranmce into the

aroup differed across successive investigations. In some studies, the

rnnvitiate received a3 per diem allowarce 3nd was not required to work for
compensation, although he was permitted to corntribute to the performance

tasks that bermefited the two established aroup members. In other studies.

Al
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the novitiate was required to work for compensation by competing with the
ather 3roup members for access to the sirmgle MTPE console in the

workshop. Fimally, there was 3 series of investigations with both male and
female novitiates and, in some cases, Wwith novitiates armd dyvadic members
who had previously participated in a residential study.

In studies where the novitiate’s presence served primarily as
additional social stimulation for the established dyad and as a source of
information reqarding current events outside the laboratory, the two-person
qroup initially showed a3 resistance to granting the rovitiate permission to
work, even when such work would have provided relief from operating =
demanding task. However, 3as the three-person condition continued over
days, novitiates were ohserved to contribute to work productivity to a
deqgree that was almost equivalent to the productivity of the dyadic mem-
bers. Sirnce there were no extermal incentives for a rovitiate’s work in
these first introduction studies, these findinags emphasized the influernce
0f sccial processes alome in maintaining performance productivity, at least
within these cohesive qroup situations. Finally, novitiates showed daily
urinary testosterorne a3t the upper and lower houndaries of the stamdard
range, but the absence of baseline levels precluded the interpretation
that zactive social processes had governed such effects.

Transitions between two-person and three-person conditions were not
always smooth in groups where the novitiate nad to work the MTPE for
compensation. When a novitiate forcefully intruded himself imto the dyad s
customary werk schedule, his testosterome levels rose or fell gererally ir
close relationship with his success ar failure, respectively., in g93ining or
maintaining access to the MIPE station accordimg to 3 schedule that was

least disruptive to his wake-sleep cycles, as determined Juring several
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haseline days preceding his introduection into the group. When sleep

distipline was imposed, and wher 3 novitiate was cooperative in neqo-
tiating an orderly sequence of using the MIPR, there were no rnotabls
changes in testosterone observed in any team participant. Fimally, when
2 female novitiate was introduced into 3 two-man qroup, wake-sleep cveles
and work periods were erratic throughout the three-person condition. Such
effects were associated with the absence of notable androgen changes, even
by = dyadic member who, a3s 3 rovitiate in an esrlier study, had
successtully maintained his wake-sleep cycles and had shown 3 striking
increase in testosterone when he joimed the group.

letailed analyses of these studies are presented in TR-ONR-3
(Fehavioral and Biologicsl Imteractions with Confined Microsocieties in a

frogrammed Environment) and TE-ONE-8 (Small Groups in Programmed

Environme~ts: PBehavioral arnd Biological Interactions?.

GROUP MEMBER KREPLACEMENT

The next series of four experiments demonstrated the extension of the
rezearch paradiam from analyvses of "intreoduction® effects to the analvsis
of *replacement® effectz. That is, the qroup zice waz held constant to
evaluate effectis of replacing 3 member of ar established three-person
araup with a novitiate participant.

A typical replacement investigation proceeded 3s follows. A three-
person aroup resided in the programmed envirornment for five successive
days. At the end of Day 5., one perzon was withdrawn and replaced by a
novitiate participant who, with the remaining two original members, formed
3 new group for the next five successive davs. Consecutive studies
differed in terms of (1) the decision rule by which am original aqroup

member was withdrawn, (2) the number of baseline davs that came before
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group formation, and (3) the type of performance tasks that the group "
members operated for compensation.

For the first replacement experiment, three-person gqroup members

resided in their private rooms for 3 two-day baseline *alone® period o
(Days 1-2) during which time access to the intercom, to social activities,
and to the MTPR work station was prohibited. This two-day period provided
3 necessary hormonal reference against which to assess endocrine responses

in relationship to initial growup formation. On Days 3-5, all activities

B

previously prohibited were made available to the group, and each member ?E
was required to operate the MIPE for individual compensation. As in the ;ij
introduction experiments, there was only one MTFE console located within 5#;2
the workshop, and subjects occupied the workshop singly on 3 self- i;”ﬁ
determined rotational basis. This procedure, then, permitted an ::;
evaluation of the manmer in which subjects occupied the work station (e.q.,. jjii
duration of work periods, time-of-day of work periods, etc.) as one of the 3_;;
i

principal dependent variables of the experiment. .

At the end of Dav S, whoever of the three missziorn members had earned

the fewest MIPB performance points, totalled across Days 3-9, was withdrawn il;

B
. a'aaa’a

from the experiment. This decision rule was known by the group members
tefore the experiment began. The rnovitiate participant entered the pro-
arammed environment on Day 6, which was 3 solitary baseline day for all
three subjects. On Day 7, the nrewly formed team had access to intercom

communications. social activities, and the MTPR work station that contirnued

to be available throughout Days 7-10. Thus, the two ter-day participants ;3i
were required to adjust to the replacement of an origimal member. and the ;7,

rmovitiate member was required to adjust to his entrance into an established

unit whose members shared 2 history of having competed successfully to
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maintain high levels of performance effectiveness.

The second replacement study was idermtical in procedure to the first,

with the following exception. No basel:ne *alone’ days were proarammed

hefore initial gqroup formation, and subjects were scheduled to compete
during laye 1-9.

Team participants who failed to compete successfully to remain within
the experiment showed initially diminished androqen levels or a3 pronounced
drop in 3androgen levels across the first several days of 2 study. Althoush
total MTPE productivity w3as not demonstratiy changed when membership
replacement occurred, neqative interpersonal effects resulted when some .
group members were required to restructure work and sleep schedules. '
Chanying 3 sleep schedule was sometimes associated with 3 declirme in
testosterone, confirmina the processes abserved within the intreoduction
studies. Finally, negative interpersonal effects were associated with the

absence of dyasdic and triadic social recreation periods.

The firmal two replacement studies irncorporated the TMIFE into the
research protocel, and they proceeded as follows. An initial three-person
team operated the TMIPE for compemsation to 3 daily ceiling of five
thousand points across Iays 1-5. At the end of Day 3, an initial member .
was withdrawn and replaced, and on Days 56-10, the reformed team operated
the TMTPE for compensation. In the first replacement study, an ‘effective’
team member was withdrawn, amd in the second replacement study, an %;
"ineffective" team member was withdrawn. Team members in the last ‘

study wore voice-operated microphones during TMTFR performance, and speech

PP
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patterns were analysed with time-series techniques. -—

Performance schedules were almost 3lways established during the

initial days of 3 study, arnd they persisted when membership replacement N
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occurred. Team MTPB performance accuracy decreased when an "effective®
member was replaced, and it increased when an *ineffective® member was
replaced. Intermember speech patterns changed whern an ineffective member
was replaced.

The results of these replacement studies suggest that interpersonal
cohesiveness within 3 team may be compromised by a member who demands

excessively higqh productivity or by a member who reduces productivityv., A

history of low team productivity may be sustained even when an ineffective

team member is replaced by a3 competent novitiate. Intermember cpeech
patterns may provide early warning siagns of a team’s inability
ultimately to form am effective work unit.

A detailed description of the replacement studies is presented
in TR-ONE-10 (Behavioral and Biological Effects of Changes in fGroup
fize and Mzmbership).

The aeneral methodological framework for this research program
is presented irn TR-ONE-7 (Behavior Analysis of Confined Microsocieties

in » Programmed Environment).
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