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The Behavioral Lffects of Crowding:
Definitions and Methods*

Larry M. Dcan,l William M. Pugh,?

o~

4

and

E. K. Eric Gunderson’

Recently there has been increased concern émong the public and within
-professiohai ranks over the potential effects of croinng“on people (Schaar,
1975).. A review of the 1itcrafuré oh proyding has.showﬁ an incohéistent
pattern of results relative to the effects of croﬁding on humans. For
example, negative effects of créwding on.ceftain behaviors have been reporteq
by some (Criffitt and Veitch, 1971; Dooley, 1974), while positive effects on
relatcd behaviors have been noted by others (Loo, 1972) Finaliy, ;ome
.investigators have reported finding no significant rclatlonshlps betwcen vari-
ous observed behaviors and crowding (Freedman_et al., 1971). Noting these
discrepancies, efforts have bécn made to begin model or.theory building in

this arca (Desor, 1972; Stokols, 1972a, 1972b, 1974; Lvans and Eicheliman,
forthcoming). However, the only agrecment to be found améng these formu-~
lations is that more cmpirical rescarch is neceded. As Griffitt (1974) has
noted: "Perhaps a bit more empirical consistency would ﬁd dcsirﬁble.prior to
attCmbts fo achieve concéptual consistency."

The apparent 1nvon91°tcnoy of 1coearch results in 1h19 arca might be
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attributed to nuﬁcrous factors including: (é) the paucity of relevant human:
.. crowding rescarch (Lawrcncc, 1974; Schaar, 1975); (b) the seemingly inapbro—
priate settings that have been used for crowding rescarch, and (c) the
methodological difficulties and confusion thét scem to arise from inadequate
definitions (Griffitt, 1974; Laurence, 1974). In ordéf to investigate more
fruitfully the behavioral cffects of high popﬁi&tion density, full consider-
ation was given to each of the foregoing factors. First, subjects of this
invcétigation vere studied in a naturﬁi setting in which they }ivéd’and
worked 24-hours a day and in which‘confincmcnt was a salient quality of the
enviroﬁment; Sccondly, the corrclates of three separate crowding measures
which corrcspond'fo.three different definitions of crowding were . compared
and contrasted iﬁ érder to better understand each measure. Two of these
definitions -- dénsity and individuzl crceptions of crowding -~ have been
used_cxtcnsively by researchers who réfer to both as crowding, although they
are conceptually different, chnsity, as measured by number of persons pcf,
squarc kilometer, has been used to study the effects of crowding on heéalth
.and social adaptation (Levy apd Herzog, 1974). The importance of individual
perceptions and learﬁing in assessing crowding ‘is shown by the cross-cultural
work of llall (1966) who found significant cultural differences régarding
" space requirements. Not only are physical boundaries important with respect
to crowding, but the subjective evaluation of the boundaries alsojis iﬁﬁor—
tant. In the present study measures of density and perceived crowding were
uécd. In addition, a thixd var;ablc was developed to measure the degree to
whiéh perception of crowding_Qqs a function of situationni faCtors beyond

density.
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- METHOD
Subjects
Enlisted men from 18 ships rated living and workiné conditipns aboard
their own'ships by responding to a Habitability and Shipboard Climate
Questionnaire (HQ); approximately 70% of the s%ips' éohplements were tested.

Four types of ships included in the study were three destroyers (bD), six

missile destroyers (DDG), three missile frigates (DLG), and six destroyer

escorts (DE). All individuals (N = 2,898) with complete data for the anal-
yscs,ithat is, men with valid questionnaire answer sheets, department and
division information, and illness data were arbitrarily divided into valid-

ation (N = 1,450) and cross-validation (N = 1,;448) subsamples.

Procedure

Crowding Mcasures, Three types of crowding measures were created for

each subject. The first type was actual bhysical size measurements of the
sﬁips compiled by ship type because all ships within d'type were-virtually
identical with respect to structural characteristics. The physical size
data that were uscd inéludcd_iength, beam, draft, and design complement-
(Blackmnh,71973§. A density score (voldme_o% space pcr'Man) was crecated for
cach ship type, Volume pcr man was computed by dividing the product of -
length, beam, and draft by the d031gncd comp]cmcnt This volume ber man
score was then a591gncd to cach man in the study acc01d1nﬂ to hls ship type.
The second type of mgusurc, 1pd1V1dua1 pcrcclvcd crowdlng, was the
sunmed score of seven items from the 1Q deseribing crowding in specific arcas

aboard ship (messing or dining areas, heads or sanitary facilities, and the
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ship in general). These itans referred to the amount of space available
(grampcd to roémy) and the nusber of people (crowded or uncrowded) occupying
the arcas specified above. Subjects respondcdvto these dimensions on 5-
point rating scales, Oﬁefudditionul 3-point scale that ranged ffom-"tight

and cramped" to "adequate room" was included in this measure of ship

© crowding. Individual ratings of crowding that were controlled for ship

différcnccs were constructed by subtracting ship mean scores from 1nd1V1dual
ratings. :
The third type of mcasﬁrc of Erowding congisted of "situation effect"
(frcqucncyh\01ght) measures (Kendall and Stuart, 1966). ‘These were the mean
ratings of crow01ng per ship and 'ship type for individuals in the valldatlon
sample. A prior study showed that ship type scores and ship within type
scores (differenccs between ship.typc and ship mean scores) each contributed
significantly and uniquely to individual rafiﬁés of crowding (Pugh,-Gundersdﬁ,

and Dean, 1975). Decause these situations in some way tended to elicit d

‘common experience of crowding, ship type means were .used to measure the

expericnce engendered by type of ship and differences between ship means and
ship type means werc used to measure the cxperience engendered by individual

ships.

Criteria. -The behavioral criteria used in this stud& included four
4satisf1ction nmcasures and total illness rate, An ovcréll satisfaction scale
con51sted of a comp051tc of HQ 1tcmq utlllzcd in previous studlos (Dean,
Pugh, and Gunderson, 1970) ThlS brief scalc was shown to have adequate

reliability and to corrclutc substantially wlrh the Smith Job Descriptive
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Index (Smith, Kendall, and Hulin, 1969). A habitability satisfaction scale:
was based on responses to the item, "Choose the number that most nearly
deseribes how satisficd you are with conditions in general for cach of the
shipboard arcas mentioned below,™ (These included five specific arcas: '
messing arcas, berthing areas, heads or sanita;y facilities, working areas,
and the ship in gencral,) A Navy satisfaction'écalc was based on rcéponsés
to'a éingle 1Q iten concerned with satisfaction:with the Navy in general. A
job satisfaction (necd) scale was ba;cd on responses to 17 HQ itecms concerned
with speecific aspects of an individual's job (Porter, 1961). Total individ-

wal jllness rates were computed by calculating the total number of initial

dispensary visits for each individual during his ship's-overseas~deployﬁent.'

RESULTS
The physical size measurements, the design complements, the ereated

density scores, and the perceived crowding scores for the ships by the fopr

ship types are shown in Table 1. It can be seen in:Table 1 that perceived
crowding by ship type parailcls the density scores; the high density ship
fypcs are percéiQed as-bcing more érowdcd. ]
' | (Insext Table 1 about here.)
The interrelationship among size, density, and pcrceivcd crowdiﬁg
measures arce shown in Table 2. It can bc’sccn'that individual rafings.of
- perceived crowding can be scpa;ated into three unique components or ship
effect scores: a ship type portioh, a'ships within«ship type portion, and an
individual within ship pb;tioﬁ. ‘Thc correlﬁtion.ofAthcsc scores with the

raw perceived crowding score is a measure of the ¢ontribution of cach to the
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individual ratings of cruwding. Doth ship type aid ships within type cor-
rélatcd significantly with perceived cfowding, F(3,1432) = 87,67, p< .01
and I'(14,1432) = 2.69, P < .08, respectively.  Table 2 also shows that the
density measure -- VOlu$c'per man -- corrclated better with perceived crowding
than any of the size measures. Furthexmore, volume per man appears to be
virtuéily identical with the ship type crowding‘mcasure because both measures
accouné for approximately the same amount of perccived'crowding variance and
are highly correlated with cach othef{ ‘Thus, the communality of pefceptioﬁ
or expericnce of crowding among men within ship ‘type appears to be entirely
due to physical density. .
. (Insert Table 2 about here.) -

If tﬁc ship type effect can be eq;atéd to density, then the ships witﬁ—
in type score must be that borfion‘of the perception of crowding which is a
function of the situational factors beyond dcnsity.' The threé:fypes of
measurcs of crowding created in this study, ahd éheir corr03pondgpée to three
views or definitions of crowding arc shown in Table 3. Our anély§e§ to 'this
point demonstrate that each one of .these measurés coxresponds to three
different definitions of crowding.' These'mea;urés were then correlated with
the criteria and different pattems of correlations resuited depending upon
“the measure or definition used. Theée corfclations are shown in Table 4;

| (Inscrt Table, 3 and 4 about here.) |

'Thc coxrrclations of the crowding measures with illness and sat;sfaction

cri?cria:aic shown in Table 4. It can be noted that ﬁorc space per man tended

to be associated with a lower total illness rate, but corrclations were low,
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It is also apparent that dense arcas were rated low on habitability satis- -
“faction, but this relationship was not'prcsc;t for the other satisfaction
ceriteria. Perceived crowding at the individual level relates to all of the
satlsf ctlon criteria. This would be anticipated because satisfaction
measures are a function of individual necds dﬁd percepfions which also
affect habitability ratings (Schneider, 1973). .
Selected correlational values from Table 4 for the validation sample
'are shovm in Table 5 in oxder to make mofe cxplicit the diversity of results
obtained in one study vhen diffcrent'dcfinitions and measures of crowding
were used., It can be scen that of the four variables shown only one, habit-
abllJty satlsfactlon, has consistent correlatlons among .the three crowding
- definitions. ThlS result should not be SUIleSln“ because these definitions
are 5ntendod'to represent three séparatc.componchts of "croyding." Tﬁc'
indcpendenc; of thesé measures (variables 5, 7, and 8) was demonstrated in

Table 2 where they intercorrelated zero or near zero,

(Insert Table 5 about here.) - .

DISCUSSION
In the pasf many attcmpfs have been made to measuré crowding in a vari-
" ety of settings and to relate these mcasures to various behavioral criteria.
In cach of these, studlcs thc researchers attcmptcd to define what crowdlnﬂ'
is and just how it should be mcasurcd but in many instances it appeared that

the specific purpose or obgcctnvc of the 1nVQst1fdtoxs dctcnnlncd the measure-

ments and definitions of crowding that were used., One common view implies a

physical definition of crowding and psychological effccts or criteria. lor
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example, a person's well-being may be studied as a- function of: density.
Another view assumes a psychological definition of crowding and an objective
behavioral criterion; that is, performance may be studicd as a function of

the perception or feeling of crowding. Thus, it is no wonder that results

‘of studies baced upon the first view are totally different from results of

studies based upon the second view., The particular measure of crowding used
e ' -
in'a study implies a speeific definition of crowding, This is to say that

variables with different meanings will have different patterns of" corre-

lation with the same criterion variables, a conclusion that is substentiated

by the present results. In crowding research one must décide whether to use
the variable that carries the proper meaning (if the proper meaning is known)
or to usec the variable with the greatest utility in predicting a particular

criterion.

Our view follows our specific notions of what crowding should mean. It

4s that crowding is an cxperience induced by environmental conditions, but

this experience requires human perception in order'for it to be mcasured.

In the present study, two variables representéd this concept of crowding.
One was the dcﬁsity”mcasurc. This was‘fhc porfion of. perception directly
related to a particular feature of the environment. The othex was the ships
within type componcnt of perceived crowding, This component requires the .

response of subjects in order for it to be measured,

10
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Table 3

Three Definitions of Crowding and Corresponding Measures

DPefinitions of Crowding

Situational Tactors Inﬂividual

- Three Types of Meacures Density Beyond Density Diffexrrmees
I. Thysical:
Size '
Volume/lian ) Volume/Man
1I. Perceived Crowding:
Individual Ratings of i ' - . Individual
Crowding (X)& . : . Ratings of b

Crowding (X)

III. Situation Effects:?

5 ship Type (X¢) | * ship Type (R¢) .
Ships Within Type (Xg = X¢) . Ships Within Type "
) Xs - xt)
Individuals Within Ship , o _ Individuals
(x - Xg) ‘ S - " Within Ship

(X ~ Xo)

| a(Xt) + (K =X+ (X~ X) =X, where, X'z ship type effect, Xg = ship effect, and ..

. ‘.‘ﬁ?~$.

X ='raw scorc.

f byote that where individual ratings (X) arc made for specific ship arcas, the (Xy) and
Cfs - ff)'terms‘do not exist; therefore when external variables are held constant,

individual ratings (X) are direct measures of individual differences. -

16
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Table 4 . . 3

-

Corrclation of Crowding Measures with Illness and Satisfuctioh”criferia'

S

© Validation Sample (N = 1,450) .
| Situation | Individual
Ship Ships~ Within -
Caterory Volum?jmgg Type Within Type ship . Raw
Total 1llness Rate ‘ ;075 ~04 ~01 01 -01
Habitability (Couposite) | 9gH 25** 11%%* ‘52** 60;;
Overall (Composite) 00 01 07% 21%% Q1%
Navy (Singlé'xtan) T 04 ~02 03 " gok% 10
Job (Camposite) : -02 ~02. 11 . ggEw g7k
Cross-Validation Sample (N'= 1,488)

Potal Illness Rate -04 -01 0 ©-08%  -0BF
Habitability (Composite) 25** 27%% " 05 Cgokw GLEE
Ovérall (Composite) ~03 ~02 Ol.ﬁ 16%%  14%* .
Navy (Single Item) -02 00 a 00 20*#" 19%*

- Job (Composite) ' .;63" =02 ','“ 02 28%x  25%¥

*p < .05

**p < 01
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Table 5.

I1lncss and Satisfaction Criteria

) Individual'
Category Density Diflerences
Total 1llncss Rate ~07 ‘ ' 0l
Habitability Satisfaction 28 52
Navy Satisfaction ] -04 T .22

Job Satisfaction ' . -02 29

17

Correclation of Threc Measures of #Cro-ding" with

Situational Factors
Beyond Density
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