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INTRODUCTION 

Research on human crowding has occupied a central posi-

tion in the study of the relationship between environment 

and behavior. Despite the central position of the concept, 

it has been described variously by investigators and theori-

ticians as a state where one's demand for space exceeds the 

available supply of such space (Proshansky, Ittelson, and 

Rivlin, (1970). Esser· (1971) defines crowding as a mental 

state in which stimuli are experienced as.inappropriate and 

stressful. In this case, the stimuli are not necessarily 

from other people. Desor (1972), however, defines crowding 

as "receiving excessive stimulation from social sources," 

thereby requiring that other persons be present. Stokols 

(1972) differentiates between the concepts of crowding and 

density. He defines densi~y as a physical condition involv-

ing the limitations of space, and defines crowding as an ex-

periential state where the individual perceives a spatial 

restriction and experiences psychological and physiological 

stress. Defining density and crowding in this manner, it is 

apparent that the two variables are not mutually exclusive, 

for crowding can be experienced in some, but not all high 

density conditions. 

- 1 -
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Physical density is hypothesized to increase the possi-

bility that intrusion, blocking of access to resources, and 

social interference may occur (Altman, 1975). Intrusion 

usually refers to a person or group's being approached to 

closely by others or to infringement on a territory without 

the owner's permission. Blocking access to resources occurs 

when someone is prevented from reaching a desired goal. So-

cial interference is a more general condition which occurs 

when an ongoing activity is interfered with by interruption. 

Thus physical density increases the probability that in-

terpersonal contact will occur to an extent that may inter-

fere with various boundary control mechanisms. Furthermore, 

there is probably an interaction of density with interper-

sonal and situational factors. Therefore, density has mean-

ing only in relation to the interpersonal and psychological 

processes it sets in motion, not as a physical concept that 

has meaning in and of itself. 

In addition, density can operate in interaction with oth-

er factors. For example, density may interact with the ca-

pacity, or maxium number of persons a setting could accomo-

date, and the maintenance minimum, or number of people 

necessary to maintain a setting or do a job, to produce the 

perception of crowding. In fact, Petty and Wicker (1974) 

following an "ecological psychology orientation" found that 
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members of undermanned groups more often indicated they felt 

crowded than did members of adequately or overmanned groups. 

To fully describe and attempt to explain this finding, some 

essential features of ecological psychology must first be 

discussed. 

Ecological Psychology 

The basic environmental unit in ecological psychology is 

the behavior setting. The concept of the behavior setting 

was developed and investigated by Barker and his associates 

(Barker,1960, 1963, 1965, 1968; Barker and Gump, 1964; Bark-

er and Schoggen, 1973; Barker and Wri°ght, 1955). It may be 

helpful to think of behavior settings as miniature social 

systems whose basic function is to carry out setting pro-

grams. That is, goal-directed standing patterns of behav-

ior. To facilitate the program, behaviors of people and ar-

rangements of physical objects within the boundaries of the 

setting (both physical and temporal) are highly coordinated. 

Barker views behavior settings as self-regulating systems 

whose inhabitants will take the steps necessary to preserve 

the programs. For example, if some essential component of a 

setting (whether a person or an inanimate object) is miss-

ing, occupants of the setting will seek it out and bring it 

in. And if a component is not functioning properly (that 
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is, in accordance with the program of the setting), it will 

be either corrected or removed. Also, a setting is not de-

pendent on specific individuals. That is, the people inha-

bi ting a behavior setting are largely interchangeable and 

replaceable. 

Much of the empirical work on behavior settings conducted 

by Barker and his colleagues has been devoted to. identifying 

and describing the publicly available behavior settings in 

two small towns; Oskaloosa, Kansas (population 800, called 

Midwest) and Leyburn, England (population 1,300, called 

Yoredale). 

From their earliest observations in M~dwest, Barker and 

his colleagues were struck by the extensive participation of 

residents, including adolescents and children, in community 

behavior settings. They appeared, on the whole, to be over-

committed. Barker's attempt to explain the claim of the 

town's settings on residents' time and efforts led to his 

theory of undermanning 1 Barker, 1960, 1968; Barker and 

Schoggen, 1973). The theory builds on the idea that behav-

ior settings counteract threats to their programs and that 

one frequent specific threat is the lack of enough people to 

1 The term, manning, was perhaps an unfortunate choice due 
to the sexist connotation it may have for some people. It 
is retained here to maintain continuity with the prior 
work on the topic. 
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carry out a setting program in an effective manner. 

This led Barker to postulate two manning conditions-un-

dermanning and adequate manning. Undermanned settings have 

too few active participants to carry out the setting's pro-

gram properly, whereas adequately manned settings have the 

right number of people to carry out the setting's program. 

According to Barker, any undermanned setting generates forc-

es that act on its occupants to keep the setting function-

ing. The occupants sense that the setting's program is 

threatened, and they respond by acting more vigorously and 

by taking up a wider range of tasks. These events lead par-

ticipants in undermanned settings to feel .that they serve in 

important and valued roles, that is, to feel more involved. 

In an attempt to provide a more comprehensive analysis of 

manning conditions, Wicker, McGrath, and Armstrong (1972) 

proposed that level of manning be regarded as a continuum 

with three critical regions - undermanning, adequate (or op-

timal) manning, and overmanning. The conceptual separation 

of overmanning from adequate or optimal manning was a dis-

tinction not clearly made by Barker. According to their 

formulation, level of manning depends on three factors: 

1. Applicants - people who both seek to participate (or 

at least are willing to do so) and meet whatever eli-

gibility requirements the setting imposes. 
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2. Maintenance minimum - the smallest number of persons 

necessary to sustain the setting program. 

3. Capacity - the largest number of persons the setting 

can accomodate and still maintain its program. Ca-

pacity may be larger than or equal to the maintenance 

minimum. 

In Wicker's terms an undermanned setting has fewer appli-

cants than the maintenance minimum. An adequately manned 

setting has a number of applicants greater than or equal to 

the maintenance minimum, and less than or equal to capacity. 

Wicker ( 1973) makes a further refinement in adequate man-

ning. When adequate manning covers a broad range as opposed 

to a single number, the settings that are barely adequate 

are termed poorly manned and those that are approaching ca-

pacity are richly manned. Finally, an overmanned setting 

contains more applicants than capacity. 

As in the case of undermanning, overmanning was viewed as 

an unstable condition which would generate forces toward 

adequate or optimal manning. Wicker et al. (1972) also sug-

gested that manning should be calculated separately for: (a) 

people who have responsible positions in a setting (workers 

or staff); and (b) those who are merely members, clients, or 

onlookers. Therefore, a setting that has both staff and 

clients (e.g., service institutions) can be undermanned, 
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adequately manned, or overmanned with staff and they can be 

underpopulated, adequately populated, or overpopulated with 

clients. Their staffing levels and client population levels 

tend to be in a complementary relation: A setting overpopu-

lated with clients is, by definition, undermanned; and an 

underpopulated setting often is overmanned. 

Al though the implications of the foregoing distinction 

may be great, they are not considered essential to the hy-

pothesis being tested by the present study. This study will 

focus only upon those setting inhabitants who have responsi-

ble positions in a setting (i.e., workers). 

Wicker ( 1973) has suggested the potential applicability 

of manning theory to the study of human crowding. From his 

perspective, the degree of manning in a behavior setting may 

be more critical in determining whether the area is per-

ceived as crowded, than the supply of space available to 

each occupant. Thus it may be possible for members of a low 

density, overmanned setting to feel more crowded than those 

of a high density undermanned setting. Such an effect might 

result from the the greater scarcity of social roles and the 

ensuing potential for competition and exclusion, in the 

former vis-a-vis the latter. 

With this in mind, Hanson and Wicker (1973) compared the 

experiences and activities of overmanned (three people pre-
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sent when only two could be accommodated) and adequately 

manned (two persons present when two were required, and 

three present when three were required) groups working on a 

"slot car" task (racing a miniature slot car around an oval 

track while lifting obstacles placed across the track). As 

expected, members of overmanned groups felt significantly 

less needed, less important, and less valuable to the group 

than those in adequately manned conditions. Consistent with 

manning theory (Wicker,1973), these differences were attri-

butable to manning level rather than group size. 

However, a counterintuitive and theoretically inconsis-

tent finding arose in a subsequent investigation by Petty 

and Wicker (1974), and constitutes the primary focus of the 

present paper: the comparison of undermanned and adequately 

manned settings. Because of its importance, this study will 

be described in some detail. 

The above propositions lead to a series of questions for 

research, one of which is of interest for the purposes of 

this paper. That question reads: "Are different degrees of 

manning sufficient causes for differential experiences and 

behaviors of group members?" 

Petty and Wicker (1974) used the same slot car-task used 

by Hanson and Wicker ( 1973). Each experimental condition 

consisted of four group members, with manning being manipu-



9 

lated by varying the number of available job assignments. 

The task consisted of each group running a slot-car 23 laps 

around a track as quickly as possible in competition for a 

prize to be awarded to the fastest group in the experiment. 

The roles of the participants were driver, who controlled 

the speed of the car by means of a table mounted dial, and 

three crew members whose job it was to lift obstacles (snap 

back hinges mounted across the track) in order to allow the 

car to pass unhindered each time it completed a lap of the 

track. The number of necessary jobs in the task was manipu-

lated by varying the number of obstacles across the track. 

There were one, three, and five obstacles in operation 

for the overmanned, adequately manned, and undermanned con-

ditions, respectively (the other job in each condition was 

that of driving). In the undermanned condition, it was 

further stipulated that two sets of obstacles located on the 

opposite sides of the table were paired and each pair had to 

be operated by one crewman. Thus each of the two crewmen 

had to run back and forth around the table from one location 

to another to lift the obstacles before the car passed. The 

third crewman operated a single obstacle, but he repeatedly 

had to move back from the table to allow another crewman to 

pass by. 
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Petty and Wicker found support for the hypothesis that 

the different degrees of manning are sufficient causes for 

differential experiences of group members. The pattern of 

feeling needed, expending effort, and feeling one's role as 

important, was most characteristic of undermanned groups, 

followed by adequately manned groups, and then by overmanned 

groups. In addition, the pattern of feeling one's group was 

well organized, that one had influence on group performance, 

and that the group experience was a pleasant one, was most 

characteristic of undermanned groups, followed by adequately 

manned groups, and then by overmanned groups. 

The interesting finding, and the one with which this pa-

per is concerned, is that concerning perceived crowding. 

Petty and Wicker found that members of the undermanned 

groups were more likely to indicate they felt crowded than 

were members of adequately manned or overmanned groups. 

This result has potentially important implications. How 

might one explain this apparent counter-intuitive finding? 

Two possible explanations have been forwarded. One of those 

explanations was put forth by Stokols ( 1973) and is based 

upon the behavioral constraint model of crowding. Another 

was put forth by Saegert (1978) and is based on the stimulus 

overload model of crowding. 
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Behavior constraint perspectives on human crowding derive 

largely from Brehm' s ( 1966) theory of psychological reac-

tance. Brehm' s theory deals with situations in which an 

individual realizes that his freedom to perform a particular 

behavior has been threatened or eliminated. Perceived limi-

tation of behavioral freedom should provoke psychological 

reactance, a motivational state involving feelings of pre-

emption and infringement and resulting in behavior directed 

toward reestablishment of the threatened freedom. 

According to Stokols, the greater physical movement, and 

thus the greater interaction and ·coordination of behavior 

with others required of the undermanned . groups might have 

led to a perceived limi ta ti on of behavioral freedom, and 

subsequently to feelings of crowding. 

Overload, as defined by Milgram (1970), is a situation in 

which the amount and rate of input from environmental stimu-

lation exceeds the organisms capacity to cope with it. Lar-

ger social systems require simplification and limitation of 

the role each member plays in order to avoid confusion in 

coordinating behavior. A by-product of this for individuals 

seems to be less satisfaction with the system. Involved in 

the large system role simplification is an assumption of 

limited, relatively fixed attentional capacity. Those in 

the undermanned conditions, however, were subjected to the 
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same task demands as the larger group. In this case, the 

high levels of attention demanded by the task exceeded the 

capacity of the small groups, whereas the division of labor 

in the large groups made their attentional demands less than 

they could have managed (Saegert, 1978). 

These two viewpoints indicate two different methods of 

alleviating the perception of crowding and other related ne-

gative experiences in a setting. Following Stokol's expla-

nation above, this becomes a human factors problem: By bet-

ter coordination of physical movements, or perhaps with 

better control design, the perception of crowding should be 

reduced. Working within the overload model, however, more 

participants would be required for the same result (i.e., 

reduction of the perception of crowding). The determination 

of which of the two explanations will result in the reduc-

tion of perceived crowding has implications in the design 

and personnel requirements of many operations (e.g., control 

rooms, assembly lines). 

The purpose of the present study was to ascertain the in-

dependent effects, and any interactions, of control design 

and cognitive load on the perception of crowding and other 

related negative experiences of individuals in undermanned 

settings as compared to adequately manned settings. In addi-

tion, data were collected concerning certain predictions of 
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manning theory (e.g., to what extent did participants feel 

they: worked hard; were needed; had an important role; 

etc.). 

Manning level can be manipulated in two ways: ( 1) keep 

the task demands constant and change the number of workers; 

or (2) keep the number of workers constant and change the 

task demands. Following Hanson and Wicker's (1973) example 

both the number of workers and task demand were varied in 

order to obtain undermanned and adequately manned settings. 

In order to evaluate the effects of the amount of neces-

sary physical movement among setting inhabitants, a task was 

designed where the centralization of the equipment controls 

would systematically effect physical movement. One condition 

consisted of a centralized control board that required the 

participants to coordinate their movements, and the other 

condition consisted of several control boards distributed 

such that there was no overlap between "work stations", and 

consequently, there was no need for coordination of move-

ments. 

It should be noted that the task designed does not re-

quire the greater physical movements (i.e., running from one 

end of the table to the other) that Petty and Wicker's 

(1974) undermanned setting did. Unless the greater physical 

movements were required for all conditions, as compared with 
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the undermanned setting alone, the greater movement required 

would appear to be confounded with undermanning. To avoid 

this confounding, all conditions should either require par-

ticipants to run around the table or to stand at stationary 

work stations. The latter was chosen since it is probably 

more reflective of actual industrial practices. 

As defined above (Milgram, 1970), cognitive load depends 

on the amount and rate of environmental inputs impinging in 

an organism, and overload results when these inputs exceeds 

the organisms capacity to cope with them. However, the am-

aunt of environmental inputs varies 

sons required to man the setting. 

with the number of per-

Ther~fore, the rate of 

environmental inputs within a particular manning level was 

manipulated to vary the level of cognitive load. 

On the basis of Wicker and Kirmeyer's (1977) study, it is 

predicted that those participants in the undermanned setting 

will feel as though they: (1) worked harder; (2) were need-

ed; (3) had a more important role; (4) were more involved in 

the group task; (5) had a greater opportunity to demonstrate 

their skill; (6) were more concerned with the group's per-

formance; and (7) contributed to the group and coordinated 

their efforts with others more than did those groups that 

were adequately manned. In addition, undermanned groups 

should perform more poorly than overmanned groups. 
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The effects of control design and cognitive load are less 

clear cut. However, a study by Kirmeyer (cited in Wicker, 

1979) found that the spacing of client demands over the 

workday - that is, the patterning of busy and slack periods 

- is a better predictor of the quality of staff members' 

work experiences than is the total number of demands. On 

the basis of that study, it is predicted that the rate of 

inputs should affect the quality of the participants experi-

ences, although the direction of the effect cannot be speci-

fied a priori. 



METHOD 

Subjects 

Forty-four male introductory psychology students at Vir-

ginia Polytechnic Institute and State University participat-

ed in this study. Each subject received one extra credit 

point toward his final grade for every hour (or part there-

of) of participation. 

Apparatus 

The apparatus consisted of an HO-gauge train set on a 4 

ft.(1.22 m) by 8 ft.(2.44 m) table and a stop watch. The 

train set included twelve Atlas Numbers 50 and 51 turnouts, 

two Model Rectifier Corporation Throttlemaster Model 550 

transformers, two Backmann locomotives (GE U36B Diesel, EMD 

GP30 Diesel), and ten powerblocks. A powerblock is a seg-

ment of track that is insulated from the rest of the track 

and wired so that power from any transformer can be switched 

to that segment. 

There were two sets of control designs: ( 1) remote and 

( 2) table. For the remote, the twelve turnout switches and 

- 16 -
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ten powerblock switches were mounted on a 1 ft. (.3lm) by 2 

ft. (. 6lm) board that was inclined at 30 degrees from the 

vertical. The switches were placed around a schematic draw-

ing of the actual layout which was drawn on the board. In 

this case, the transformers were placed on either side of 

the control board. the table control design used the manual 

turnout switches located at each turnout. The powerblock 

switches were divided into four groups and placed on the 

four edges of the table corresonding to the location of the 

powerblocks that they controlled. The transformers were 

placed at opposite ends of the table (see Figure 1). 
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Design 

The experiment utilized a 3x2x2 mixed factor design. 

Three manning (adequately manned/3 workers, adequately man-

ned/5 workers, undermanned/3 workers) and two control design 

(table, remote) conditions . were between subjects factors, 

and two levels of cognitive load (high, low) constituted a 

within subjects (repeated measures) factor. 

Manning. The manning manipulation reflected both of the 

previously discussed modes. Manning was manipulated in two 

ways: 1) keeping the task demands constant and changing the 

number of workers; or 2) keeping the number of workers cons-

tant and changing the task demands. 

There were eight groups of three subjects and four groups 

of five subjects. Subjects were randomly assigned to condi-

tions. They were to follow one of two patterns while oper-

ating the trains. The patterns differed in task demands, 

with the high demand pattern requiring more attention and 

the use of more controls than the low demand pattern. Both 

patterns began with Train A traveling clockwise on the outer 

oval and Train B traveling counter clockwise on the inner 

oval. Transformer A (Trans A) 2 was always to power Train A 

and Transformer B (Trans B) was always to power Train B. 

2 Transformers will be abbreviated as Trans followed by the 
appropriate reference letter. 
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The low demand pattern required Train A to leave the out-

er oval at Turnout 1 (Tl) 3 (refer to Figure 2), travel along 

Powerblock 5 (P5) 4 , and leave the inner oval immediately at 

T4. At the same time, Train B was to enter one inner cir-

cle, for one loop, at T8, then travel to the other inner 

circle and enter for one loop at TS. 

The high demand pattern required Train A to leave the 

outer oval at Tl at approximately the same time as Train B 

left the inner oval at TlO (refer to Figure 3). Train B was 

to travel around the outer oval and Train A around the inner 

oval the required number of laps. Finally, Train A was to 

leave the inner oval at T9 at approximately the same time 

that Train B left the outer oval at T6. Train A was then to 

travel around the outer oval the required number of laps. 

From personal observation, it was assumed that the low de-

mand pattern required three persons and that the high demand 

patern required five persons to operate the trains effi-

ciently. 

The manning conditions, therefore, consisted of: (1) 

three persons following the "easy" pattern (adequately man-

ned/3 workers); ( 2) three persons following the "difficult" 

3 Turnouts will be referred to as T followed by the appro-
priate reference number. 

4 Powerblocks will be referred to as P followed by the ap-
propriate reference number. 
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pattern (undermanned/3 workers); and (3) five persons fol-

lowing the "difficult" pattern (adequately manned/ S work-

ers). In the adequately manned/3 workers condition Worker 1 

(Wl) 5 operated Trans A and T8, W2 operated Tl and P4, and W3 

operated Trans B and TS, T4 always remained open to permit 

Train A to leave the inner oval immediately. In the under-

manned/3 workers conditi~n, Wl operated Trans A, Tl, P4, and 

PS, W2 operated Trans B, T6, P9, and PlO,and W3 operated T9, 

TlO, Pl, P2, P6, and P7. In the adequately manned/S workers 

condition, Wl operated Trans A and Tl, W2 operated P4, PS, 

and T6, W3 operated Trans B, P9, and PlO, W4 operated TlO, 

P6, and P7, and WS operated T9, Pl, and P2. Conditions 1 

and 2 reflect variation in manning whereby the number of 

workers remains constant (three persons) but the task de-

mands vary ("easy" to "difficult"). Alternatively, condi-

tions 3 and 2 reflect a variation in manning whereby the 

task demands remain constant ("difficult") but the number of 

workers varies. 

Since this study was only concerned with the comparison 

of adequately and undermanned settings, the overmanned condi-

tion - five persons following the "easy" pattern - was not 

included. It should be noted that it was not considered ne-

5 Workers will be referred to as W followed by the appropri-
ate reference number. 
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cessary for the responses of the two adequately manned 

conditions (3/easy, 5/difficult) to be equal since it was 

the undermanned/adequately manned comparison that was of in-

terest. However, it was expected that they would both dif-

fer in the same direction from the undermanned condition. 

Control Design. As described previously, participants 

worked at either a centralized remote control board (requir-

ing coordination of physical movements among participants) 

or around the table (not requiring coordination of physical 

movements) . 

Cognitive Load. Since this was a with~n subject factor, 

order of presentation was counter-balanced within cells. 

Cognitive load was manipulated by varying the number of laps 

between the time the trains made a 11 swi tch 11 • The 11 switch" 

was made on either every fifth lap (low cognitive load) or 

every second lap (high cognitive load). 

Questionnaire 

A post-test questionnaire was constructed to evaluate 

subjective experiences of the experimental manipulation. 

This questionnaire contained: (a) eight items based on man-

ning theory (the extent to which the participant felt he: 

worked hard, was needed, had an important role, was involved 
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with the group task, had a chance to show his skill, was 

concerned with the group's performance, contributed to the 

group, and coordinated his efforts with others); ( b) five 

items based on the crowding literature (whether the partici-

pant had felt frusrated, crowded, restless, pressured, re-

sentful); and (c) the Mood Adjective Checklist (MACL) from 

Nowlis and Green (cited in Walster, Walster and Berscheid, 

1978). The MACL consists of thirty adjectives that repre-

sent six dimensions or moods. (The dimensions can be la-

beled roughly as elation, activation, social affection, ag-

gression, anxiety, and depression. ) 6 

Procedure 

As subjects entered, they were asked to read and sign an 

Informed Consent Form. When all subjects had arrived, the 

operation of the trains and the controls were described and 

demonstrated. The pattern that was required for that condi-

ti on was described and subjects were randomly assigned to 

their positions and allowed to practice the patterns 

("switching" every third lap). A training criterion of four 

6 The MACL is easily scored: the participant's Comfort/Dis-
comfort Index score = t, (scores on the three positive 
moods) - L(scores on the three negative moods). The more 
positive the Index, the more contented the participant is; 
the more negative the score the more distressed he is. A 
seven point rating scale was used for all questions. 
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"clean switches" (i.e., no errors, such as collisions, 

derailings, wrong turns, etc.) was established. Once sub-

jects were trained to criterion the training period was end-

ed. 

Subjects were then asked to respond to the MACL. This 

was done both to familiarize subjects with the MACL and to 

give subjects a short rest period before the start of the 

experiment. This first MACL was not included in any analys-

es. 

After the MACL was completed, subjects were asked to re-

turn to their controls. They were then instructed to oper-

ate the trains in the same pattern, making the "switch" ev-

ery fifth lap (or every second lap, depending on the 

condition), rather than every third lap as in training. 

This was done for a total of 30 laps (as traveled by Train 

A). Subjects were also told that the experimenter, using a 

stop watch, would record the amount of' time required to com-

plete the 30 laps, stopping at every error, then restarting 

the watch when the trains were running properly again. The 

number of times the watch was stopped was also recorded. 

At the end of 30 laps subjects were asked to respond to 

the full questionnaire. Upon completion of the question-

naire, subjects returned to the controls, and repeated the 

task changing only the number of laps between "switches" 
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(from every fifth to every second lap of vice versa). After 

30 laps subjects were again asked to respond to the full 

questionnaire. Finally, subjects were debriefed and ques-

tions answered. 



RESULTS 

The data were analyzed in a manner suggested by Schiffen-

bauer et al. (1978). They note that group data collected in 

the labo~atory has traditionally been analyzed using the 

group as the unit of analysis. As a result, a large number 

of subjects must be used in an experiment, but yield compa-

ratively few degrees of freedom. Treating each subject's 

response as the unit of analysis increases degrees of free-

dom, but ignores the possible dependence of subjects' re-

sponses within groups. When such dependence exists, any 

analysis treating individual subjects as the unit of obser-

vation will lead to spuriously high significance levels. In 

such cases an analysis of group differences is the only val-

id statistical procedure. 

In order to use subjects most efficiently, each subject's 

response was used as the unit of observation when thei~ re-

sponses were independent, and the group's response was used 

(usually the mean) when their responses were not indepen-

dent. 

Analysis of variance was the primary mode of statistical 

analysis. In cases where the effect of manning condition 

- 28 -
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was significant (p<.05), planned paired comparisons were 

performed. The Newman-Keuls Sequential Range Test was used 

to evaluate all significant interactions. Only significant 

results will be reported in this section, refer to Appendix 

A for a complete set of ANOVA summary tables. 

Performance 

Since performance measures were taken of the group as a 

whole, the group effect was used as the error term. As 

predicted, there was a significant effect of manning condi-

tion on time to complete 30 laps, F (2,6) = 16.07 (p<.01). 

Planned paired comparisons of the means (Refer to Table 1) 

found all means to be significantly different from each oth-

er, CD (Critical Difference) = 33.12, p=.05. 

TABLE 1 

Time as a Function of Manning 

Manning 
Condition 

3/easy 
3/hard 
5/hard 

Mean Time (sec) 

185.875 
262.500 
229.375 

Cognitive load also had a significant affect on perfor-

mance. Performance was significantly faster with low cogni-
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tive load (i.e., "switch" every fifth time around the track) 

than in the high cognitive load .condition (i.e. , "switch" 

every second trip) F ( l, 6) = 11. 51, p<. 05 (Refer to Table 

2). 

TABLE 2 

Time as a Function of Cognitive Load 

Cognitive Load 

Low 
High 

Mean Time (sec) 

206.700 
245.083 

With time as the DV, there was a significant interaction 

of control design and cognitive load, F (1,6) = 6.43, p<.05. 

Subsequent analysi·s using the Newman-Keuls Sequential Range 

Test with the mean (r = 4) found that, at the remote con-

trols, subjects were significantly faster at low than at 

high cognitive load conditions, CD=55.38, p=.05 (Refer to 

Table 3). 

TABLE 3 

Time as a Function of Control Design and Cognitive load 

Control 
Design 

Table 
Remote 

Mean Time (sec) 

Cognitive 
Low 

214.833 
198.666 

Load 
High 

224.500 
265.666 
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Also, as predicted, there was a significant effect of 

manning on the number of halts. A planned comparison of the 

means showed that three persons had significantly fewer 

halts foll.owing the low demand pattern than following the 

high demand pattern (Refer to Table 4). 

TABLE 4 

·Halts as a Function of Manning Condition 

Manning 
Condition 

3/easy 
3/hard 
5/hard 

Mean 
Number of Halts 

1.000 
5.875 
3.750 

Groups also had significantly fewer halts in the low cog-

nitive load (1.916) than in the high cognitive load condi-

tion (5.166), F (1,6) = 43.46, p<.001. 

Finally, with number of halts as the DV, there was a sig-

nificant interaction of manning and cognitive load, F (2,6) 

= 8.31, p<.05. Subsequent analysis, using Newman-Keuls (with 

means, r=3), showed that all groups following the more dif-

ficul t pattern made significantly more halts in the high 

cognitive load than in the low cognitive load condition. 

Three person groups had fewer halts following the easy pat-

tern than the hard pattern, but only in high cognitive load 
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conditions. All other results of tests for main effects and 

interactions did not reach statistical significance at the 

.05 probability level (Refer to Table 5). 

TABLE 5 

Halts as a Function of Manning and Cognitive Load 

Cognitive 
Load 

Mean Number of Halts 

I Low 
I High 

3/easy 
0.75 
1. 25 

Manning Condition 
3/hard 5/hard 
3.25 1.75 
8.50 5.75 
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Questions from the Crowding Literature 

Each item on the crowding questionnaire was analyzed 

individually. There were no significant differences on sub-

j ects' responses to questions concerning the extent they 

felt frustrated, crowded, or pressured. 

Subjects reported feeling significantly more restless and 

more resentful in the high cognitive load than in the low 

cognitive load condition, F(l,38)=7.09, 5.89, respectively, 

with p<. 05 (subjects were the unit of observation) (Refer 

to Table 6). 

TABLE 6 

"Restless" and "Resentful" as a Function of Cognitive Load 

Cognitive 
Load 

I Low 
I High 

Mean Feeling 
of 

"Restless" 

2.022 
2.613 

Mean Feeling 
of 

"Resentful" 

0.727 
1. 272 

There was a significant interaction of manning and cogni-

ti ve load with regard to how resentful participants felt, 

F(2,38) = 7.21, p<.01 (subject is unit of observation). A 

Newman Keuls Sequential Range Test (with means, r=5, N=20) 

indicated that groups of five following the high demand pat-

tern (adequately manned/five workers) felt more resentful 
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in the high cognitive load condition than in the low cogni-

tive load condition, and that only in the high cognitve load 

condition did they feel more resentful than groups of three 

(undermanned/three workers) (Refer to Table 7). All other 

results of tests for main effects and interactions did not 

reach statistical significance at the .05 probability level. 

TABLE 7 

"Resentment" as a Function of Manning and Cognitive Load 

Cognitive 
Load 

Mean Feeling of "Resentment" 

I Low 
I High 

3/easy 
1. 00 

.50 

Manning 
3/hard 

.75 

.833 

5/hard 
.55 

2.00 
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Questions from the Manning Literature 

Each i tern from the manning questionnaire was analyzed 

individually. As predicted, there was a significant effect 

of manning on how hard subjects felt they worked, F (2,38) = 

7.42, p < .01, (subjects is unit of observation). A planned 

comparison of the means indicated that groups of three felt 

they worked significantly harder at the high demand pattern 

than at the low demand pattern, CD=l.07, p .05. There was 

also a significant main effect for Control Design, F (l,38) 

= 6.83, p<.05. Subjects felt they worked harder at the ta-

ble controls than at the remote controls (Refer to Tables 8 

and 9). 

TABLE 8 

"Worked hard" as a Function of Manning 

Manning 
Condition 

3/easy 
3/hard 
5/hard 

Mean Feeling of 
"Worked Hard" 

1. 791 
3.750 
3.200 
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TABLE 9 

"Worked Hard" as a Function of Control Design 

Control 
Design 

Table 
Remote 

Mean Feeling of 
"Worked Hard" 

3.477 
2.454 

A Newman-Keuls Sequential Range Test(for means, r=3, 

n=l2) indicated that groups of three, following the low de-

mand pattern, felt they worked significantly harder at the 

table controls than at the remote controls, CD=l.83, p=.05 

(Refer to Table 10). 

TABLE 10 

"Worked Hard" as a Function of Control Design & Manning 

Control I 
Design I 

Mean Feeling of "Worked Hard" 

Manning Condition 
3/easy 3/hard 5/hard 

Table 2.916 3.5 3.8 
Remote .0666 4.0 2.6 

As predicted, there was a significant effect of manning 

on the extent to which subjects felt they were needed, F 

(2,38) = 3.33, p < .05 (subject is unit of observation). A 
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planned comparison of means showed that groups of three felt 

they were significantly more needed following the high de-

mand pattern than following the low demand pattern, CD=.95, 

p=. 05 (Refer to Table 11). Subjects also indicated they 

felt significantly more needed at the table than at the re-

mote controls, F (l,38) = 5.52, p < .05 (Refer to Table 12). 

TABLE 11 

"Needed" as a Function of Manning 

Manning 
Condition 

3/easy 
3/hard 
5/hard 

Mean Feeling 
of "Needed" 

3.916 
5.125 
4.625 

TABLE 12 

"Needed" as a Function of Control Design 

Control 
Design 

I Table 
I Remote 

Mean Feeling 
of "Needed" 

4.977 
4.159 

As predicted, there was a significant effect of manning 

on the extent to which subjects felt they had an important 

role, F (2,38) = 4.21, p< .05 (subject is unit of observa-
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tion). A planned comparison of the means found that groups 

of three felt they had a significantly more important role 

following the high demand pattern than following the low de-

mand pattern, CD =.95, p=.05 (Refer to Table 13). Subjects 

also indicated they felt they had a significantly more im-

portant role in the high cognitive load than in the low cog-

nitive load condition, F (l,38) = 4.69, p<.05 (subject is 

the unit of observation) (Refer to Table 14). 

TABLE 13 

"Importance" as a Function of Manning Level 

Manning 
Condition 

3/easy 
3/hard 
5/hard 

Mean Feeling 
of "Importance" 

3.750 
5.000 
4.775 

TABLE 14 

"Importance" as a Function of Cognitive Load 

Cognitive I Low 
Load I High 

Mean Feeling 
of "Importance" 

4.409 
4.704 
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As predicted, there was a significant effect of manning 

on the extent to which subjects felt they were involved in 

the group task, F (2,38) = 3.39, p < .05 (subject is unit of 

observation). A planned comparison of the means indicated 

that groups of three felt they were significantly more in-

volved in the group task following the high demand pattern 

than following the low demand pattern, CD=.78, p=.05 (Refer 

to Table 15). 

TABLE 15 

"Involvement" as a Function of Manning 

Manning 
Condition 

3/easy 
3/hard 
5/hard 

Mean Feeling 
of "Involvement" 

4.666 
5.666 
5.200 

Control design was the only significant effect on sub-

jects' feeling that they had an opportunity to demonstrate 

their skill: feelings of a greater opportunity to demons-

trate skill were associated with table controls to a greater 

extent than with remote controls, F (1,38) = 12.08, p < .01 

(subject is unit of observation) (Refer to Table 16). 
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TABLE 16 

"Show Skill" as a Function of Control Design 

Control 
Design 

I Table 
I Remote 

Mean Feeling 
of "Show Skill" 

4.590 
3.272 

There were no significant effects on subjects' responses 

when asked to what extent they felt concerned with the 

group's performance, contributed to the group, and coordi-

nated their efforts with others. 
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MACL 

MACL results were analyzed using an overall Comfort/Dis-

comfort Index. There was a significant main effect of con-

trol design on subjects' Comfort/Discomfort Index. Those at 

the table controls felt more positive than did those at the 

remote controls, F (1,38) = 4.62, p<.05 (subject is unit of 

observation) (Refer to Table 17). 

TABLE 17 

Comfort/Discomfort Index as a Function of Control Design 

Control I Table 
Design I Remote 

Mean Comfort/Discomfort Index 

46.227 
33.500 

Finally, there was a significant interaction of manning 

and cognitive load on subjects' Comfort/Discomfort Index, F 

(2,38) = 4.43, p<.05 (subject is unit of observation). A 

Newman-Keul s Sequential Range test (for means, r=5, n=20) 

indicated that groups of five, following the high demand 

pattern, felt significantly more positive in the low cogni-

tive load condition than in the high cognitive load condi-

tion, CD=l5.25, p=.05 (Refer to Table 18). 
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TABLE 18 

Comfort/Discomfort Index as a Function of Cognitive Load & Manning 

Mean Comfort/Discomfort Index 

Manning Condition 
3/easy 3/hard 5/hard 

Cognitive! Low 32.75 45.50 47.15 
Load I High 39.833 47.25 29.05 
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DISCUSSION 

One of the major tasks of this study was the development 

of an apparatus that could be used to manipulate manning 

conditions, without being so narrowly focused that it could 

not be used to study other pertinent variables affecting hu-

man performance. The 11 train track" performance task devel-

oped permitted the manipulation of manning level in two 

ways: l)keeping the task constant and changing the number 

of workers; or 2)changing the task and keeping the number of 

wo:i;:-kers constant. The overall pattern of results suggests 

that the latter is more effective in supporting manning 

theory predictions. 

Changing the number of workers and keeping the task cons-

tant produced fewer effects. In the high demand pattern, 

performance was better (less time required to complete 30 

laps) with five persons than it was with three persons. How-

ever, the magnitude of this effect was relatively small. On 

average, five persons following the high demand pattern was 

33.14 seconds faster than three persons following the high 

demand pattern, but with a paired comparison critical dif-

ference of 33.12 seconds (at p=.05) this comparison was sta-

- 64 -
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tistically significant. Given the size of the effect, the 

significance of the effect is of questionable value relative 

to the other mode of manning manipulation. 

These groups were also found to differ significantly on 

the Comfort/Discomfort Index (as measured by the MACL) and 

resentment under the high cognitive load condition (a 

11 switch 11 every second lap) . Five person groups indicated 

they felt less positive (as indicated by MACL responses) and 

more resentful than the three person groups. This is more 

readily explained by differences in group size than differ-

ences in manning condition. That is, it seems reasonable 

that one would feel more resentful and less positive trying 

to coordinate the activities of five persons than the activ-

ities of three persons. This frustration should be most sa-

lient under the more rigorous demands of high cognitive 

load. 

Even though this manipulation (Keeping the task constant 

and changing the number of workers) was relatively ineffec-

tive in this study, future studies should not preclude it. 

It is entirely possible, if not probable, that the high de-

mand pattern requires more than five persons to operate the 

trains effectively. 

The other manning manipulation (the comparison of three 

persons following either the low or high demand patterns) 
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had a greater impact on performance and subjective percep-

tion relating to the task. 

As expected the undermanned groups (high demand task) 

took more time and had more halts than the adequately manned 

groups. This result, predicted from manning theory, is not 

surprising, given the increases in task difficulty (more 

complex pattern, more powerblocks and turnouts involved). 

An analysis of self-report measures supports manning 

theory. The subjects in the undermanned groups indicated 

that they felt they worked harder, were more needed, had a 

more important role, and were more involved in the task than 

those in the adequately manned groups. 

The raison d'etre of this study -the question of the re-

lative effects of physical constraint and stimulus overload 

on the perception of crowding - has not been satisfactorily 

answered by this study. Neither had a significant effect on 

the magnitude of the response concerning the perception of 

crowding, per se. However, both had significant effects on 

other dependent variables, which imply positive and negative 

experiences. Some of these would also be expected to be as-

sociated with the perception of crowding, an experiential 

state of psychological and physiological stress. 

Physical constraint, as previously stated, was manipulat-

ed by having the controls for the train either distributed 
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around the table (low physical constraint) or grouped in a 

central location (high physical constraint). A conceivable 

confound in this manipulation may be the amount of informa-

tion processsing required. It is possible that the remote 

controls required more information processing since the con-

trols were arranged around a schematic diagram of the actual 

track layout. Hence, instead of switching the turnout and 

powerblock controls at the physical point of activity, sub-

jects had to work at the corresponding controls on the sche-

matic. Even though this would require a low (and probably 

insignificant) level of processing, it is believed that this 

possible confound should be noted and either controlled or 

systematically manipulated in future studies using this ap-

paratus. 

In the low physical constraint condition, subjects indi-

cated that they felt they worked harder, were more needed, 

and showed more skill (all indicative of positive experienc-

es) than those in the high physical constraint condition. 

In addition, those in high physical constraint condition 

scored significantly lower on the MACL Comfort/Discomfort 

Index than those in the low physical constraint condition. 

These results have clear implications for work place design: 

reductions in physical constraints, where they exist, should 

increase job satisfaction. 
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Stimulus overload, was manipulated by having the trains 

"switch" either every second revolution (high cognitive 

load) or every fifth revolution (low cognitive load). Under 

high cognitive load, groups took more time and had more 

halts than under low cognitive lod. This would be expected 

since the former required a total of fifteen switches as 

compared to six switches for the latter (in the course of 

the 30 revolutions required in the task). More switching 

would imply more time to complete 30 revolutions and more 

opportunities for misfortune (errors). Increase in distance 

traveled could also be considered a confound. The low demand 

pattern increased a total of 4. 5 in. an,d the high demand 

pattern increased a total of 8.5 in. when moving from low to 

high cognitive load. However, the relative increase (.064% 

and .13% , respectively) was considered negligible. Subjects 

also indicated they felt more restless and more resentful 

under high cognitive load. These negative experiences are 

offset somewhat by the finding that subjects felt they had a 

more important role (a positive experience) under high cog-

ni tive load. Stimulus overload, therefore, provides mixed 

results insofar as subjects' experiences are concerned. 

In summary, the results of this study would indicate that 

physical constraint has a more consistent negative impact on 

subjective experiences than does stimulus overload. This 
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supports this writer's personal bias that Petty and Wick-

er's (1974) undermanned "slot car" groups felt more crowded 

than their adequately manned groups due to the physical 

constraint imposed by the substantial coordinated movements 

required in the undermanned condition (i.e. they kept run-

ning into each other). 

Although the results of this study have several applica-

tions, one of the most salient concerns job enrichment pro-

grams. Many job enrichment programs attempt to reduce ~he 

division of labor in work settings so that workers use a 

wider variety of skills to perform a larger portion of the 

whole task, or the behavior-setting program. For example, 

workers may feel involved and challenged when undermanning 

(as suggested by this study) leads to restructured jobs, but 

they may not have these experiences when undermanning merely 

results in more work to be done in the usual manner. 

An extension of this research to a comparison of tasks 

requiring competition or cooperation is suggested by Stokols 

et al. (1973). They observed that the perception of crowd-

ing and restriction in an area of limited space was greater 

when subjects played a game under competitive conditions, 

than when they adopted a cooperative set toward each other. 

Competitive task set was viewed by the authors as a source 

of social interference in that it necessitates the monitor-
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ing of others' behavior whose interests conflict with one's 

own, and thereby makes the need to "keep others at a dis-

tance" more salient. The fact that the apparatus used in 

the present study has two train locomotives that can be in-

dependently controlled makes it ideal for studies involving 

two teams maneuvering their trains along pre-determined 

routes in either a cooperative or competitive effort. In 

this case, one would expect more crowding reported following 

competitive effort. Additionally, the effects of competi-

tion might be modified by the relative reward incentives of-

fered. For example, "winner take all", 60/40 split, or "ne-

gotiations" could be allowed, or required. Similiarly, 

amount and/or type of communication allowed within and/or 

between teams could be expected to influence the results of 

both competitive and cooperative efforts. 
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ANOVA Summary Table for Time 

Source df SS F -

MC 2 23629.083 16.07** 

CD 1 937.500 1.28 

MC*CD 2 4023.250 2.74 

G/MC CD 6 4411.000 

CL 1 8816.666 11.51* 

MC*CL 2 6210.083 4.05 

CD*CL 1 4930.666 6.43* 

MC*CD*CL 2 5235.583 3.42 

CL*G/MC CD 6 4598.000 

*p<. 05 

**p<.01 
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ANOVA Summary Table fo Halts 

Source df SS F 

MC 2 95.583 7.40* 

CD 1 7.041 1. 09 

MC*CD 2 14.083 1. 09 

G/MC CD 6 38.750 

CL 1 63.357 43.46*** 

MC*CL 2 24.250 8.31* 

CD*CL 1 0.041 0.03 

MC*CD*CL 2 2.083 0.71 

CL*G/MC CD 6 8.750 

*p<.05 

***p<.001 
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ANOVA Summary Table for Frustrated 

Test for Group Significance 

Source df SS F 

MC 2 8.334 

CD 1 6.001 

MC*CD 2 5.446 

G/MC CD 6 41.083 2.81* 

SUB/MC CD G 32 78.006 

CL 1 4.102 

MC*CL 2 7.189 

CD*CL 1 1.375 

MC*CD*CL 2 1.483 

CL*G/MC CD 6 23.150 3.23* 

CL&SUB/MC CD G 32 38.200 

*p<.05 
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ANOVA Summary Table for Frustrated 

Source df SS F 

MC 2 8.334 0.61 

CD 1 6.011 0.88 

MC*CD 2 5.446 0.40 

G/MC CD 6 41. 083 

SUB/MC CD G 32 78.006 

CL 1 4.102 1. 06 

MC&CL 2 7.189 0.93 

CD*CL 1 1. 375 0. 36 

MC*CD*CL 2 1.483 0.19 

CL*G/MC CD 6 23.150 

CL*Sub/MC CD G 32 38.200 
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ANOVA Summary TAble for Crowded 

Test For Group Significance 

Source df SS F 

MC 2 3.733 

CD 1 16.409 

MC*CD 2 16.157 

G/MC CD 6 32.833 2.51* 

SUB/MC CD G 32 69.866 

CL 1 0.181 

MC*CL 2 0.884 

CD*CL 1 0.409 

MC*CD*CL 2 1.090 

CL*G/MC CD 6 2.300 0.41 

CL*SUB/MC CD G 32 30.133 

*p<.05 
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ANOVA Summary Table for Crowded 

Source df SS F 

MC 2 3.733 0. 34 

CD 1 16.409 3.00 

MC*CD 2 16.157 1.48 

G/MC CD 6 32.833 

SUB/MC CD G 32 69.866 

CL 1 0.181 

MC*SP 2 0.884 

CD*CL 1 0.409 

MC*CD*CL 2 1. 090 

CL*G/MC CD 6 2.300 

CL*SUB/MC CD G 32 30.133 
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ANOVA Summary Table for Crowded 

Source df SS F 

MC 2 3.733 

CD 1 16.409 

MC*CD 2 16.157 

SUB/MC CD G 38 102.700 

CL 1 0.181 

MC&CL 2 0.884 0.52 

CD*CL 1 0.409 0.4B 

MC*CD*CL 2 1.090 0.64 

CL*SUB/MC CD G 38 32.433 
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ANOVA Summary Table for Restless 

Test for Group Significance 

Source df SS F 

MC 2 2.074 

CD 1 8.909 

MC*CD 2 5.407 

G/MC CD 6 36.500 2.62* 

SUB/MC CD G 32 74.200 

CL 1 7.681 

MC*CL 2 2.301 

CD*CL 1 0.045 

MC*CD*CL 2 0.804 

CL*G/MC CD 6 8.700 1. 43 

CL&* SUB/MC CD G 32 32.466 

*p<.05 
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ANOVA Summary Table for Restless 

Source df SS F 

MC 2 2.074 0.17 

CD 1 8.909 1. 46 

MC*CD 2 5.407 0.44 

G/MC CD 6 36.500 

SUB/MC CD G 32 74.200 

CL 1 7.681 

MC*CL 2 2.301 

CD*CL 1 0.045 

MC*CD*CL 2 0.804 

CL*G/MC CD 6 8.700 

CL*SUB/MC CD G 32 32.466 
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ANOVA Summary Table for Restless 

Source df SS F 

MC 2 2.074 

CD 1 8.909 

MC*CD 2 5.407 

SUB/MC CD G 38 110.700 

CL 1 7.681 7.09* 

MC*CL 2 2.301 1. 06 

CD*CL 1 0.045 0.04 

MC*CD*CL 2 0.804 0.37 

SP* SUB/MC CD G 38 41.166 

*p<.05 
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ANOVA Summary Table for Pressured 

Test for Group Significance 

Source df SS F 

MC 2 9.233 

CD 1 0.102 

MC*CD 1 19.206 

G/MC CD 6 48.716 2.86* 

SUB/MC CD G 32 90.866 

CL 1 2.556 

MC*CL 2 0.484 

CD*CL 1 1. 375 

MC*CD*CL 2 3.900 

SP*G/MC CD 6 16.316 1. 48 

CL*SUB/MC CD G 32 58.866 

*p<.05 
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ANOVA Summary Table for Pressured 

Source df SS F 

MC 2 9.233 0.57 

CD 1 0.102 0.01 

MC*CD 2 19.206 1.18 

G/MC CD 6 48.716 

SUB/MC CD G 32 90.866 

CL 1 2.556 

MC*CL 2 0.484 

CD*CL 1 1. 375 

MC*CD*CL 2 3.900 

SP*G/MC CD 6 16.316 

CL*SUB/MC CD G 32 58.866 
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ANOVA Summary Table for Pressured 

Source df SS F 

MC 2 9.233 

CD 1 0.102 

MC*CD 2 19.206 

SUB/MC CD G 38 139.583 

CL 1 2.556 1.29 

MC CL 2 0.484 0.12 

CD*CL 1 1. 375 0.69 

MC*CD*CL 2 3.900 0.99 

CL*SUB/MC CD G 38 75.183 
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ANOVA Summary Table for Resentful 

Test for Group Significance 

Source df SS F 

MC 2 5.566 

CD 1 0.045 

MC*CD 2 5.454 

G/MC CD 6 11.600 1. 03 

SUB/MC CD G 32 60.333 

CL 1 6.545 

MC*CL 2 16.021 

CD*CL 1 0.045 

MD*CD*CL 2 0.187 

CL*G/MC CD 6 6.933 1. 05 

CL*SUB/MC CD G 32 35.266 
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ANOVA Summary Table for Resentful 

Source df SS F 

MC 2 5.566 1. 47 

CD 1 0.045 0.02 

MC*CD 2 5.454 1.44 

SUB/MC CD G 38 71. 933 

CL 1 6.545 5.89* 

MC*CL 2 16.021 7.21** 

CD*CL 1 0.045 0.04 

MC*CD*CL 2 0.187 0.08 

CL*SUB/MC CD G 38 42.200 

*p<.05 

**p<.01 
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ANOVA Summary Table for Worked Hard 

Test for Group Significance 

Source df SS F 

MC 2 50.039 

CD 1 23.011 

MC*CD 2 23.263 

G/MC CD 6 22.550 1.14 

SUB/MC CD G 32 105.533 

CL 1 0.556 

MC*CL 2 4.084 

CD*CL 1 0.284 

MC*CD*CL 2 0.157 

CL*G/MC CD 6 5.483 0.98 

CL*SUB/MC CD G 32 29.933 
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ANOVA Summary Table for Worked Hard 

Source df SS F 

MC 2 50.039 7.42** 

CD 1 23.011 6.83* 

MC*CD 2 23.263 3.45* 

SUB/MC CD G 38 128.083 

CL 1 0.556 0.60 

MC*CL 2 4.084 2.19 

CD*CL 1 0.284 0.30 

MC*CD*CL 2 0.157 0.08 

CL*SUB/MC CD G 38 35.416 

*p<. 05 

**p<.01 
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ANOVA Summary Table for Were Needed 

·Test for Group Significance 

Source df SS F -

MC 2 17.57 

CD 1 14.727 

MC*CD 2 4.772 

G/MC CD G 6 22.333 1.51 

SUB/MC CD G 32 79.000 

CL 1 0.727 

MC*CL 2 4.772 

CD*CL 1 0.045 

MC*CD*CL 6 0.800 0.20 

CL*SUB/MC CD G 32 21.400 
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ANOVA Summary Table for Were Needed 

Source df SS F 

MC 2 17.757 3.33* 

CD 1 14.727 5.52* 

MC*CD 2 4.772 0.89 

SUB/MC CD G 38 101.333 

CL 1 0.727 1. 24 

MC*CL 1 0.045 0.08 

MC*CD*CL 2 1. 687 1. 44 

CL*SUB/MC CD G 38 22.200 

*p<.05 
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ANO VA Summary Table for Had an Important Role 

Test for Group Significance 

Source df SS F 

MC 2 22.240 

CD 1 9.556 

MC*CD 2 9.001 

G/MC CD 6 18.683 1.22 

SUB/MC CD G 32 81.733 

CL 1 1.920 

MC*CL 2 0.471 

CD*CL 1 0.102 

MC*CD*CL 2 0.456 

CL*G/MC CD 6 2.750 1.15 

CL*SUB/MC CD G 32 12.800 
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ANOVA Summary Table for Had and Important Role 

Source df SS F 

MC 2 22.240 4.21* 

CD 1 9.556 3.62 

MC*CD 2 9.001 1. 70 

SUB/MC CD G 38 100.416 

CL 1 1. 920 4.69* 

MC*CL 2 0.471 0.58 

CD*CL 1 0.102 0.25 

MC*CD*CL 2 0.456 0.56 

CL*SUB/MC CD G 38 15.550 

*p<.05 
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ANOVA Summary Table for Were Involved in Group Task 

Test for Group Significance 

Source df SS F 

MC 2 12. 024 

CD 1 1.636 

MC*CD 2 2.096 

G/MC CD 6 16.266 1. 70 

SUB/MC CD G 32 51. 066 

CL 1 0.000 

MC*CL 2 1. 066 

CD*CL 1 0.727 

MC*CD*CL 2 0.339 

CL*G/MC CD 6 4.666 1. 30 

CL*SUB/MC CD G 32 19.200 
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ANOVA Summary Table for Were Involved In the Group Task 

Source df SS F 

MC 2 12.024 3.39* 

CD 1 1.636 0.92 

MC*CD 2 2.096 0.59 

SUB/MC CD G 38 67.333 

CL 1 0.000 

MC*CL 2 1.066 0.85 

CD*CL 1 0.727 1.16 

MC*CD*CL 2 0.339 0.27 

CL*SUB/MC CD G 38 23.866 

*p<.05 
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ANOVA Summary Table for Had a Chance to Show Your Skill 

Test for Group Significance 

Source df SS F 

MC 2 18.157 

CD 1 38.227 

MC*CD 2 6.939 

G/MC CD 6 24.733 1. 38 

SUB/MC CD G 32 95.533 

CL 1 2.909 

MC*CL 2 2.324 

CD*CL 1 1. 636 

MC*CD*CL 6 5.066 0.97 

CL*SUB/MC CD G 32 27.933 
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ANOVA Summary Table for Chance to Show Your Skill 

Source df SS F 

MC 2 18.157 2.87 

CD 1 38.277 12.08** 

MC*CD 2 6.939 1.10 

SUB/MC CD G 38 120.266 

CL 1 2.909 3.35 

MC*CL 2 2.324 1. 34 

CD*CL 1 1.636 1. 88 

MC*CD*CL 2 0.130 0.08 

CL*SUB/MC CD G 38 33.000 

**p<.01 
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ANOVA Summary Table for Concerned With the Groups' Performance 

Test for Group Significance 

Source df SS F 

MC 2 4.630 

CD 1 4.102 

MC*CD 2 0.939 

G/MC CD 6 125.683 1. 37 

SUB/MC CD G 32 61.133 

CL 1 0.102 

MC*CL 2 0.872 

CD*CL 1 0.556 

MC*CD*CL 2 0.084 

CL*G/MC CD 6 4.416 1.28 

CL*SUB/MC CD G 32 18.466 
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ANOVA Summary Table for Were Concerned With the Groups' 
Performance 

Source df SS F 

MC 2 4.630 1.15 

CD 1 4.102 2.03 

MC*CD 2 0.939 0.23 

SUB/MC CD G 38 76.816 

CL 1 0.102 0.17 

MC*CL 2 0.872 0.72 

CD*CL 1 0.556 0.92 

MC*CD*CL 2 0.84 0.07 

CL*SUB/MC CD G 38 22.883 
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ANOVA Summary Table for 

Contributed to the Group and Coordinated Efforts with Others 

Test for Group Significance 

Source df SS F 

MC 2 7.606 

CD 1 7.102 

MC*CD 2 0.539 

G/MC CD 6 12.750 1.18 

SUB/MC CD G 32 57.400 

CL 1 1.920 

MC*CL 2 0.954 

CD*CL 1 0.284 

MC*CD*CL 2 0.657 

CL*G/MC CD 6 4.683 1. 47 

CL*SUB/MC CD G 32 17.000 
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ANOVA Summary Table for 

Contributed to the Group and Coordinated Your Efforts with Others 

Source df SS F 

MC 2 7.606 2.06 

CD 1 7.102 3.85 

MC*CD 2 0.539 0.15 

SUB/MC CD G 38 70.150 

CL 1 1. 920 3.37 

MC*CL 2 0.954 0.84 

CD*CL 1 0.284 0.50 

MC*CD*CL 2 0.657 0.58 

CL*SUB/MC CD G 38 21.683 
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ANOVA Summary Table for MACL 

Test for Group Significance 

Source df SS F 

MC 2 1448.180 

CD 1 3563.636 

MC*CD 2 2458.380 

G/MC*CD 6 8026.166 2.01 

SUB/MC CD G 32 21286.000 

CL 1 744.727 

MC*CL 2 2850.789 

CD*CL 1 30.727 

MC*CD*CL 2 33.456 

CL*G/MC CD 6 3090.833 1. 80 

CL*SUB/MC CD G 32 9149.466 
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ANOVA Summary Table for MACL 

Source df SS F -

MC 2 1448.180 0.94 

CD 1 3563.636 4.62* 

MC*CD 2 2458.380 1. 59 

SUB/MC CD G 38 29312.166 

CL 1 744.727 2.31 

MC*CL 2 2850.789 4.43* 

CD*CL 1 30.727 0.10 

MC*CD*CL 2 33.456 0.05 

CL*SUB/MC CD G 38 122240.300 

*p<.05 
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THE EFFECTS OF MANNING LEVEL ON TASK PERFORMANCE AND 
PERCEIVED CROWDING 

by 

Joseph Peter Hale II 

(ABSTRACT) 

Forty-four introductory psychology students from Virginia 

Tech took part in a study concerning manning levels and the 

perception of crowding and related experiences. A new ap-

paratus was designed and built (an HO-gauge train set) to 

manipulate manning level, physical constraint (using two 

different control designs), and cognitive load, variables 

suggested as important in the perception of crowding. 

Two methods of manipulating manning level were attempted: 

1) changing the task and keeping the number of partir.j_l)'• 1\ts 

constant, and 2) Changing the number of participant:-; ;:;.·.;l 

keeping the task constant. The former was found to be mo.' :~ 

successful in this study, the latter apparently confounde' 

with the number of participants in the group. 

Both physical constraint and cognitive load affected the 

participants' expressed experiences. The results indicate 

that physical constraint had a more consistent negative im-

pact on subjective experiences than did cognitive load. 
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