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FOREWORD 

This report covers part of the research on man-machine systems being con­
ducted by the Laboratory of Aviation Psychology and the Department of Electrical 
Engineering of the Ohio State University, with Dr. C~orge E. Briggs as Principal 
Investigator. The objectives of this research are: (1) the development of new 
human factors methodology for stu~ing man-machine systems, (2) the application 
of new JMthodology to several different types of systems -m- order to modify and 
improve the validity and generality of concepts, (3) the development of human 
factors principles for the analysis and synthesis of systems, and (4) the formu­
lation of human factors principles and information in terms compatible with 
standard engineering practice. 

The present report was prepared for the Engineering Psychology Branch, Aero 
Medical Laboratory, Directorate of Laboratories, Wright Air Development Center, 
under Contract No. AF 33(616)-3612, Project 7184, Task 71583, with Dr. James-c. 
McGuire acting as Task Scientist. This work was initiated under Contract No. 
AF 33(616)-h3 with Dr. Ralph w. Queal, Jr. acting as Project Scientist and Dr. 
~aul M. Fitts as Principal Investigator. 

The authors are indebted to several members of the staff of the Laboratory 
of Aviation Psychology for their continuing interest and help in the planning of 
the research and the preparation of the manuscript. In particular, we thank Dr. 
Paul M. Fitts and Dr. George E. Brig~ for their substantial contributions. 



ABSTRACT 

The performance of single individuals, two-man teams without intercommuni­
cation, and two-man teams with intercommunication was compared in a complex 
decision-making task. The task was an operational "game" derived from radar ap­
proach control. 

Forty-eight students participated. The experimental design utilized a 
subject x conditions balanced Latin square having six independent replications. 

Two-man team performance was superior to that of single individuals, but not 
proportionately so. Interpretation of the data in terms of productivity per 
person showed the person working alone to be significantly superior to the person 
working in a two-man team. Teams with communication were slightly superior to 
teili~S having no communication. 

The explanation of the results of the individual vs. individuals in a team 
I comparison is hypothesized to lie in the diversion of time and productive capa-

city in the tea-, si tuatlon away from the prime t<:lsh and into integrative and 
coordinative behavior. 
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TH:S EFT<'ECT OF TEAJ.~ SIZE MID INT£!1Ml'}!BEH CCfiJ.iUNICATION 
ON DECISION-t~KING PERFOR\~CE 

If'.'TRJDUCTION 

The common-sense proposition that atwo heads are better than one" has been 
brought into question by a series of recent experimental reports. Taylor and 
F<Just (9) found that the perforrr.ance of an individual was somewhat reduced when 
workinr, in a team context on a "twenty questions" task. The same result was ob­
served by Moore and Anderson (6) in a sJ~bolic logic task and by Kidd (3) in both 
a jumbled-sentence and a jiesaw-puzz1 e task. The body of evidence accumulated so 
far is not entirely conclusive, however, and many questions still remain to be 
a..>1S?.>ered regard:ing the effectiveness of two-nan teams. Furthermore, there has as 
yet been little in the way of theoretical explanation for the observed facts. 

The present stmiy was desir,ned to serve three interrelated purposes: (a) to 
ccrnpare the performance of single individuals with the performance of two-person 
teams, (b) to evaluate too contribution of intermember coordinative behavior to 
team performance, and (c) to validate, insofar as possible, the task situation. 
J:'€r se. The task used in the present experiment evolved fran experience gained in 
research an radar air t~affir. control systems (h, 5, 10). 

Most complex tasks can be specified by a set of subfunctions. While such 
analysis involves the risk of losing part of the dynamic flavor of the total sys­
tem, compensation occurs in the increased ability to expose specific qualities. 
As examples, two of the major subftmctions in many canplex team efforts are 
information-processing arrl decision-making. Of partiru1ar interest in the present 
investigation is the type of decision-makine where (a) a later decision is affe~t­
ed by an earlier decision, (b) there is no discernible "right" decision, (c) there 
are several alternative decisions available at any one time, (d) the situation 
about which the decisions are made is constantly changing, and (e) there are suc­
cessive decisions to be made over s hart periods of time. A task was specific'Blli 
designed to meet these characteristics while retaininv, recognizable attributes of 
the air traffic control context from which it was derived. Thus, the task can be 
described as a typic~l operational gaming device (1). 

'Ni th rerard to the three primary experimental goals listed abo,~e, the team 
size variable is ~trair,htforward. Coo~linative behavior, however, needs explan­
ation. This variable was manipulated through instructions to subjects: In one 
concli tion, the two tem members were allowed to cor.ununicate freely; in the second 
condition, no such privilege was granted. It wa.::~ postulated that several conse­
quences mip-,ht follow this simple manipulation. First, JJ.lck of coordination could 
lead to an increased frequency of gross errors. Second, it is possible that cer­
tain aspects of performance would profit by the restriction of coordination by 
allowing each team member to work on the task undistracted by his partner. 

In summary, the questions involved here are as follows: (a) What proportion­
ate advantage in task effectiveness, if any, derives from ~e use of a two-man 

Manuscript released by the authors 15 August 1958 for publication as a WADC Tech­
nical Report. 
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team as opposed to a single individual? (b) Whnt is the effect of coo~inAtive 
behavior in the two-mcm situation-is it distractive or does it help prevent 
errors? Note that the first question stresses the proportionate advantage rather 
than the absolute advantage. For such a purpose, effectiveness nrust be measured 
in te!"ms of man-hours or individual output whether the 1\"'rk unit* is a single 
person CJr a team. 

METHOD 

Apparatus and Task 

The task employed in this study involved the use of a board and moving 
tokens, and in sc:me ways resembled board games such as chess or checkers. The 
board itself is pictured in Fig. 1. Its actual size was 24 in. in diameter and it 
was coveY"ed with a protective sheet of acetate. 

The S•s task was to move tokens, under specific rules, frcm the several entry 
points on-the periphery to a goal in the center of the board. There were 32' 
possible entry points. 

The place of entry and the length of each move "''n:!re determined by a set of 
coded cards. Cards were presented to S(s) in sequence, a single card far each 
move. A total of frur sets of cards wis employed, wi. th eight cards in each set. 
Each set constituted a balanced program, i.e., the total number of tokens and 
moves was constant across sets. Table 1 indicates the order of presentation and 
magnitudes of moves involved in each set. Cards and tokens were color-coded for 
clarity of assignment. 

.-........ ···' _, 

The S 1 s task was to advance as many tokens from the periphery of the board to 
the goal In the center as Quickly as possible, using the entries and moves indi­
cated on the cards. Since it took more moves than the number indicated on any ooe 
card to advance a token all the way from the periphery to the goal, S had several 
tokens to move during cne "turn.• Each "tum" involved the following etepss (a) 
a card from the deck was turned face up byE, (b) S located the assigned entry 
point and moved the just-entering token threugh the number of spaces called for on 
the r.a.rd, (c) S then moved any tokens already on the board fran previous tums in 
a prescribed o~er over the prescribed number of spaces. After the entering tokens 
had been moved, all the other tokens from the same set were moved in succession, 
bec:inning with the token which entered first. Since the tokens -were numbered con­
secutively, this meant that the lo~st numbered tokens were always moved first. 
During these moves, S ~s prohibited from immediately retracing his path, thus 
"usin~ up" moves. He was also required to maintain a separation of at least one 
space between the moving token and all other tokens. If he committed a separation 
error, he was prevented from moving the token further, thereby causing it to re­
main on that space throughout the problem. These immobilized tokens created 11 

block alon;:: the path upon which they l"fere stopped. The ~ had 30 sec. to finish 
t 0 

* The term "work unit" is used to avoid the ambiguity of a ooe-man team. 
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Fig. 1.    A redu «d     -r^ of the board.    The board was 2b In,  In 
diene ter. 

•orins one token. This re *,r et Con waa included to iftMN that S did not decide 
on a series of «ores befor h r.tde any of U«, thereof oaoapinp separation er- 
ror and the dilewa of bio In. # the path of one token by another. 
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Tabla 1 

Tha fin try Position, Nucber of Moves,  and Order of Präsentation 
for Each of tha Four Seta  of Cards 

Sat A 

No. of 
Moras 

6 
i 
fi 
a 
2 
2 
8 
9 

No,  of 
Moves 

6 
• 
6 
* 
I 

b 

Set B 

Entry 
Position 

26, 28 
30 

3, 5 
7 
9 

32 
None 
None 

No. of 
Move 8 

Entry 
Position 

Set C 

Entry 
Position 

13, 15 
20 

22, 2\x 
11 
in 

9 
None 
None 

i 
IL 

6 nf 23 
t 1 
6 27, 29 
ll 19 
2 17 
h 31 
8 Nona 
8 None 

Set D 

No.  of Entry 
Moves Position 

6 Hi, 16 
2 10 
6 ?, u 
b 12 
2 8 
n 6 
8 NC2V- 
e NODS 

ErrarlawnUl  Variables 

The beaie taak was administered under three experimental conditions: (a) in- 
dividual ptrformar.oe, i.e., a sinple S, (b) two-man tea» parforwAnce with no com- 
munication,  and  (c)  two-man teas performance with  communication. 

a.    Individual performance.—»Individual performance is defined as follows; 
Two *eta of cards and 16 tokens, half from each of tha  two sets of tokens, were 
fiver to a single S working alone.    The S turned over the  first card (green in 
oolrr) of one •et,~*put the green tokens numbered one and two on the appropriate 
entry numbers, and moved them  inwa.d.    He then turned over the  first card of tha 
remaining mat (always colored orange), Placed the orange tokens numbered one and 
two on  tha  »prropriate entry numbers,  and moved thmm inward.    The S moved the 
tokens of each  amt alternately, making the appropriate entries and* moving the 
token', of one  color sueceeeively, beginning with the lowest number.    When all 16 

•AIX* !*.  <$-II?!J 



tokens had been entered and moved the prescribed number of moves, E recorded the 
criterion measures arrl the board was cleared. 

b. Team performance with !!.2 communication.-0n£J set of cards and tokens was 
given to me S a.rrl mother to his oortner. One S turned over the first card of 
his set, put the green tokens num~red one and tic on the appropriate entry num­
bers, and moved them imrnrd. The other S then turned over too first card of his 
set, put the orange tokens numbered me and two on the entry numbers indicated on 
too card, and moved them inward. The Ss ccntinued to altern ate turning over cards, 
making the indicated entries, and moving all their tokens remaining on the buard 
until all 16 tokens had been entered and moved the prescribed number of moves. 
The E then recorded the scores and the board was cleared. Two trials were always 
given to each team. 

Under this condition Ss worked together, the decisions of each affecting 
those of his partner. Moreover, they were instructed to cooperate and were told 
that the output of the team as a whole was the most important criterioo. However, 
no gestures or verbal conmmnication between partners were permitted. 

c. Team performance with canmunicati..on .-The same procedure was followed as 
described in (b) above. Each S had a set of cards and tokens, and they alterr.at­
ed in turning over their cards-arid making the indicated moves. After 16 tokens 
had entered and moved the prescribed number of moves, E recorded the scores and 
the board was cleared. This condition differed fran (b) in that discussion be­
tween ~s was allo?.~d and encouraged. 

In all conditions in 1fhich two-man teams participated, ~s we:re instructed to 
cooperate and "ft"ere infonned that the total team score was the index of performance 
which was being recorded. Over-~11 task loe>.d was constant for all coo.di tions •. 
For each of the conditions, 16 tokens per trial or game were advanced an equated 
number of moves. 

Subjects 

Forty-eight volunteer ~s from the introductory psychology courses at The Ohio 
State TJniversi ty participated in the e::q>eriment. The ~s were paired arbitrarily 
to fonn two-person teams. 

Each S participated once in each of the three experimental conditions. For 
the team condi ticns, he always had the same partner. The experimental session 
l~sted about 1 hr .. and .30 min. Ncne of the ~s had previous e~eri~nee with the 
experimental task. 

Statistical Design 

A treatment Xs11bjects design was used, with counterbalanced order of pre­
sentation. All six of the possible orders of presentation of the three conditions 
were used. The six orders were replicated four times, wi \h a total of 24 pairs of 
~s participatin~ in each of the three conditions. 

WA.DC TR 58-u74 



Criterion Scores 

Three criterion measures were recorded: (a) time ~corgs, the time required 
to finish a problem; (b) output scores, the numberOftokens which !:is moved 
through the goal per minute; and (c) error scores, the number of se'Paration errors 
per problem. 

RESULTS 

Work Unit ProductivitY. 

The first step ln the evaluation is a canpal'"ison of the total proficiency 
of the unit as a whol~ under the various conditions. Thu!, the combined output 
of two people working together is compared to the output of a single person. Be­
cause the time scoras we~ skewed, the experimental conditions were evaluated by 
too Friedman two-'W".iY analysis of·ranks test, :Xf (8). ·Ttre X~ was statistically 
significant (P < .02). When Ss worked togetMr, the problems were completed in 
less time than men Ss worked-indeperrlently. The time scores were lovrer when Ss 
were allo'l'led to communicate with each other than when they could not discuss moves 
or strate~f (seP. Table 2). 

~· .. ' ~ .. ~... ... 

The output scores (pieces throdgh the goal per minute) were evaluated by the 
F tt:::;t; ho~ver, they were not statistically sip;nificant (~ ~.5o). These scores 
were lower ~hen Ss worked together w:1. thout cor.rnunication thm ll'hen they -worked 
under either of the other conditions (see Table 2). 

The X~ used to evaluate the error scores (number of separation errors per 
problem was not statistically significant (P <.. .~0). More separation errors were 
m~de in the condition where Ss worked together without communication than in · 
eithf.3r of the other ('.onditions. 'tne lowest error score was obtained when Ss work­
ed together with communication (see Table 2). 

Table 2 

Summary of Unit P:-oductivity 

Experimental Condition 

Performance Sinele Two-:':!m1 Two-man Statistical Team without Team with p 
Criteria Individual 

Communication Communication Test 

M~an time to 
'X~ COMplete prob- ?6.'.J3 24.hS 24.38 .02 

lem (in !tlin.) 

V.em num"ber of t 
piP. ces through • 751 .732 .829 F NS 
f"Oa.l per minute 

Mean sep.'lratior 
·-h. 71 4.~9 ···-· :;t2 tJS errors per 4.58 r 

probl~ 

WADC TR 93-u?u 6 



Proportionate ProductiviBr 

In add.i tion to evaluating the effects of the conditJ. ons on unit pertounanoe, 
the effects were evaluAted in terms of individual efficiency. That is, the rtite 
of output per individual was calculated in the following marmer: The output 
scores obtained 19hen Ss worked together were d:i.vided by two. The resulting soore 
represented the output score per individual under the conditions tested. The 
averages obtained by a reAnalysis of the output scor~s are presented in Table 3. 
Since in thi~ instance, t re scores ob~~ined were approximate]1' normal in distri­
bution, the effects of the conditions were evaluated by the F test. The evalua­
tion, ~s summarized in Table 4, indicates that the observed trend of greater 
output by the single individual is significant b~ond the .01 level of confidence. 
Table 5 contains a condition-by-condition breakdown evaluated by the t test. The 
point at issue that is clarified by this latter comparison is whether -or not the_ ... 
coonnunications variable per se "ls effectlve. Here, it is fOtmd that the signifi­
cance obtained in the F test is almost e:xclu3ively a product of the individual vs. 
two-man team comparison and that the presence or absence of open communication be­
tween partners does not have a profound effect in this situation. 

Table 3 
Summary of Individual Productivity 

Experimental Condition 

Performance Single Two-man Two-man Statistical p Team without Team with Criter!.a Individual 
Communication Communication Test 

Number of 
pieces through .751 .366 .415 F (.01 
goal per min. 
per person 

Table 4 
Analysis of Variance for Output Rate per Subjeet 

--
Source df Mean Square F 

Treatments 2 1.056 31.06:. -·-

Subjects 23 .033 ---
Orders 5 .027 --
Residual 41 .034 ' 
Total 71 

* p (.01 

WADC TR 58-u7h 7 



Table 5 
Comparison of Pairs of EYperimenta.l Conditions by t Test 

(Number of Pieces Through Goal Per Minute Per Pe;son 
as Cri tericn) 

Condi tioos Compared 

Independent vs. team with 
no communications 

Independent vs. team w:i. th 
cormnuni cations 

Team with no communications 
vs. team ld th oonununicatioos 

DISCUSSION 

t p 

7.00 ( .. 01 

5.R2 (.01 

1.~6 NS 

-'• .. · -~--~-- . ·-

The implications of the present study derive largezy from the use of a dual 
analytic procedure: first, comparing effectiveness on a unit basis and, second, 
comparing effectiveness on an individual basis. It is clear from the first step 
that some benefits derive from a team effort, particularly l'hen communication be­
t"'feen team partners is open. While not statistically significant, the differ­
ences between conditions en the "separation errors" criterion is most provocative~ 
Here is Borne evidence to the effect that cross-monitoring of output does lead to 
a reduction in error frequency; a mechanism proposed as far back as 1932 (7) to 
account for eroup problem-solving superiority. 

The rather weak group advantage in performance refiected in the output. cri­
terion suggests thRt ~1ile the group may be more productive than the individual 
worker, it is not proportionately so (e.~., two men work1ng as a team are not 
twice as productive as a single indiv1..dual working on the S3.me task). Such an 
observation is verified when the second analytic step is taken. In the present 
task, when the comparison is made._ on an individual vs. individual basis (e.g., 
performance divided by number of terun ID:!mbers), the person working alone .has a 
superior output. Th:ts finding verifies results of previous investigations by 
Taylor and Faust (9), Moore and Anderson (6), and Kidd (3). 

The question remainss Why does not too effectiveness of the unit incre..ase .. 
proportionately as members are added? The answer appears to lie in the changed 
nature of the task. Working by himself, the individual ha.s to d'lvote his at ten .. 
tion only to the objective characteristics of tre task. Adding anoth&r person, 
however, requires that some kind of coordinAtion take place (even when communica .. 
tion is not allow~d). The operator, under such circumstances, must share his 
available time between the direct demands of the tRSk and the demands of COOrdi­
nating with his partner. 

8 



With regard to overt cooperation as manipulated through communicate on  acce- 
sibiHty, the treno, while no;  statistically significant,  favored free communica- 
tions,     A recent report  by Versace (lu)  bears  on this  issue.    He   fburi, in a «ore 
dynastic yet somewhat »ore stereotyped vers*on of the task used here,» that there 
was no appreciable  change in the performance  of a two-men  radar air traffic  con- 
trol team when communications accessibility wac manipulated.    His  conclusion that 
the task requirements &FS major determinants of the efficacy of coordination be- 
havior seems consistest with observations made 5r, the present stui>.    The degree 
of overlapping function was  somewhat hipher in the present eise and a somewhat 
greater contribution of consnunication accessibility to team performance was 
observed. 

In suimnary,  increasing the number of workers in the context of a complex ta.sk 
does not result in a proportional increment in performance«    Allowing open communi- 
cation in cases where ther^ is some functional overlap helps the system tc a sm^l 
degree. 

Derivative  issues pointed out by the present study which require further in- 
vestigation Ära  (a) the precise relationship between depree of functional  overlap 
and the usefulness of member coordination, (b) the contribution of team member- 
ship  to motivation and willih^ress to remain  in the task environment as opposed to 
performance per se, and (c) the ru-V:-? of cross «monitoring and subsequent error 
frequency in a team situation. 

The over-all agreement of the findings derived from the present study with 
those obtained from a different task environment (10)9 suggests that the opera- 
tional pane provides a useful context for the conduct of team research* 

SUMMARY 

The performance of single individuals,  two-man teams without intercommunica- 
tion,  and two-m&r. teams with intvrcommunication was compared  in a  complex deci- 
sion-making task.    The task v*3 an operational game derived from redtr air traffic 
octroi • 

Forty-eigra students participated«    The axperlsiefiv*! aesign utilised a 
subjects X conditions balanced Latin square having six independent replications. 

Two-man team performance was superior  to that of JJigle  individuals,  but not 
proportionately so.    Interpretation of the data in terms of productivity per 
person showed the person working alone to be significantly superior to the person 
working in a two-man team.    Teams with communication were slightly superior tv 
teasss having no inter ccaswinicat ion. 

The explanation of the results is hypothesised to lie in the diversion of 
time and produc  tv«? capacity in tiie team si test ion away from the prime task and 
into integrative end  ooordinative behavior. 

•    Versace utilised VM OGU thirty-target electronic air traffic control simulator 
(?) and employed an in-line control  procedure.    T>w present study employed sn 
analog of parallel control procedures. 

*TK 11 5Ö-L71, 9 
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