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I. THE PROJECf: OBJECTIVES, STRATEGtES, AND USULTS 

hACKGROUND AND i.>ARTICIPANTS 

The initial discussions which led to this task order begau in the 
swnmer of 1971 when Mr. Joe Castle, of Naval Ship llilgineerinK Center• explored the possibility of couducting re~earch on habitability on the Berkeley campus with a team aHt!Jllbled by Craig McArt • Assistant Professor of Design and comprisins, in addition to himuelf, ltugo lllasdel • Elizabeth Bex ton, Harold liexton • and Sami tiassid. 

After several meetings with visiting Naval personnel, the te8LQ pre­aented for review an informal project proposal for an 18 month study 
of messing area in which four phaaes of reaearch were described. The first two of these phases were included in an amendud b•aonth 1 
application on basis of which the present task order was iasued. 
After agreed upoo extensions, the work wu scheduled to run fran 
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Kay 1, 1972 to December 31, 1972. The remaining portions of the ini• 
2 tial proposal were included in an application for renewal of project 

envisaged to b~ undertaken f rom January 1, 1973 to December 31, 1973. 

Soae of the work completed under the present task order was described 
3 4 in two progress reports • , the main contents of which are ulso r e • 

ported here , 

Participants in the work covered by this task order have included: 

Sami Hassid, Professor of Archit cture, Principal Investigator 

Craig McArt, Assistant Professor of Design, Co-Investigator 

Hugo Bl del, Acting Assistant Professor of Architecture, Co-Investigator 

Elizabeth Bext on, Ph.D. Candidate !n Architecture , Researcher 

Harold Bexton, Ph.D. Candidate in Architecture, Researcher 

Robert Hotten, M. Arch., M.L. Arch., Assistant Specialist 

Denise Pourchier, M. Design Cdndidate, Research Ass~1t~nt 

Henry Yu, M. Arch, Candidate, Research Assistant 

Darryl Soon, M. Des gn Candidate, Research Assistant 

P. David Steiner, M. Arch Candidate, Research Assistant 

Gary Aufdenspring, Assistant 

Patsy Babbitt, Editorial Assistant 

Ina Kau, Senior Typist Clerk (to August 1972) 

Vianne Ramirez, Senior Typist Clerk (from September 1972) 

John Duddy, FHFS, Consultant on ergonomic aspects of furniture devel• 

opment 

Phipps Arabie, Ph.D. Candidate in Psychology, Stanford, Consultant on 

multidimensional scaling 

Merg Ross, Consultant on photographing 11Ulti•mode furniture mock•ups. 

Dr. Martin A. Tolcott, Director, Psychological Sciences Programs, Of• 

fice of Naval Research, is the Scientific Officer for the project. 

Mr. Robert Lawson of ONR, ~asadena, was the regional coordinator for 

visits aboard ship, 
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Navy personnel at Treasure Island and volunteers from the Naval 

Training Station at San iliego have participated in .he project as 

respondents to our questionnaires. 

The following ships have been visited for slide documentation, and/or 

the use of their messing areas as settinKs for the collection of crew 

reactions: 

~Yt:BCORD (Dt:), WILT~I~ (DD), HRADLEY (Dt:), AGBRHOLM (DU), WADJJ!il.L 
(DOG), HROOKE (DEG), HAUER (DE), FOX (DLG), CRAIG {DIJ), HAGLEY (DE), 

GOMPERS (AU) , HOKNt: (DLG), OWENS (l>D), DURUAM {LKA), TUSCALOOSA (LST) , 

THOMASTON (LSl>) , DULUTH (LPD), ROARK (DI::) , KIRK (DI::) , McCAIN (UDG) , 

SANCTUARY (Att) , HULL (DD) , FLINT {AJ::) , HMAS HOHART (UDG) • 

The commanding officers of these ships, and numerous members of their 

er , .-s have helped in many ways tc make the field work of the research 

team possible and successful. 

The distribution of tasks amonK participants was agreed upon early in 

the project, and reflects the respective i1terests of the participants. 

Most phases of the work were conducted by sub-groups of the team, with 

one memb r leading the group in a particular task, and beinK respon• 

sible for reporting the progress of work and the findings to the whole 

tean. Sami liassid was mainly responsible for overseeinK the overall 

design and administration of the project and for the coordination of 

the work and findin~s of the various sub ·groups. Craig ~icArt • s main 

responsibilities related to the phases of work in which simulated en• 

vironments were constructed and used. Hugo ~lasdel's main responsi• 

bility included the collection and analysis of data and the design of 

field experiments. Elizabeth J:Sextou dealt mainly with the problems 

related to the inclusion of wanen on board ship. Harold Hexton stu• 

died the social and institutional factors affecting the crew's re• 

sponses to their environment. Kobert Hotten conducted most of the 

field work, recording measurements in situ, and pr ducing slide views 
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of ships' messing areas; he also contribut.ed to the bibliographic 

research. Denise Pourchier assisted in the development of furniture 

mock•ups and layouts. Henry Yu was mainly responsible for the col• 

lection of bibliographic material and assisted in the attempt to de• 

velop a computer prograa as an aid to lighting design. Darryl Sooo 

assisted in the construction of models siDlUlating interior ~nviron• 

ments, and in the production of slide views of these models. Davi 

Steiner assisted in the photography. Patsy Babbitt was respoosible 

for editing and composing the text for the bibliography. Vianne 

Ramirez was responsible for the day•to•day adainistrati ve tasks of 

the project and for typing the manuscripts including this report. 

OBJECTIVES 

The uin objectives of the study undertaken under the present task or• 

der are as follows: 

1. To develop methods for assessing crew perceptions with respect to 

habitability, and · 

2. On t~e basis of these assessments and ot er information, to develop 

examples of design guide criteria of habitability for ships• messing 

spaces. 

In long range tel'lllS, the objective is to determine the cycle of re• 

search, development and testing necessary to maintain an adequate en• 

vironment for human habitation. 

Many reasons support the need for this kind of research at the present 

time. Increasing social awareness in many sepents of American life is 

aaking strong demand• for the recognition of users' needs in the design 

of aan•aade environments. This poses a challenge to long•established 

criteria u■ed by the deeign professions, criteria which are usually 

sepented, object oriented, and designed to guarantee minimal physi• 

cal perforunce for safety, econOilly, and comfort. Even within these 
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areas of minimal performance, the criteria are usually developed un• 
der ••laboratory'' test conditions which often do not make adequate 
provisions for the complexities of ••real'' environments. It is 
therefore important, within these minimal ranges, to check the per• 
formance of the designed environment in actual use and especially as 
perceived by the users. 

Beyond these minimal ranges, designers receive less precise guidance 
from established norms, and rely heavily on their own judgment. Here 
the input from users is again very impo ~ant, since it allows us to 
verify the congruence of the designer's prescience with the users' 
perceptions, preferences, and reactions. 

Within the Navy, recent developments give a sense of urgency to the 
kind of research undertaken i~ this study. The provision of adequate 
living conditions has always been a major design de ~erminant influenc• 
ing the crew's performance. More recently, the importance of improved 
habitability has increased as the Navy has moved from reliance on the 
draft to a projected all-volunteer force. Problems of attraction of 
new recruits and of retention of enlisted personnel are intricately 
linked with the provision of incentives, among which improved habi• 
tability should rank high. 

Policy changes in personnel composition allowing greater participa• 
tion of women in roles from which they were heretofore barred, and 
repercussions of the nation-wide struggle for equal opportunity for 
minority groups have had and will increasingly have greater impHct 
on habitability standards in which the expressed needs of these groups 
are considered along with those of all other groups. 

We realize, of course, that in ship design, the constraints of budget, 
of military effectiveness, and of various other systems, will continue 
to retain primary importance. However, under the emerging conditions 

5 



outlined above, habitability should increasingly be incorporated as 
a highly ranked factor in ship desigu. 

In addition to these pressures, the dynamic nature of the concept of 
habitability should be stressed. In this respect, we may mention 
that the concept 1tself has been defined by various authors in many 
different ways, reflecting its dynamic nature and particular needs 
dictated by specific points of view. Parker and ~very have given 
a condensed survey of 1181lY of these definitions and have elected in 

5 thei own work to consider habitability in its broadest sense so 
that•• it covers all issues relating to the living enviro ent which 
bear upon the comfort, happiness, motivation, and effectiveness of 
the occupant of the environ11lent.'' 

This panorama of issues pertaining to habitability nu.y be condensed 
into three distinguishable ~ though often inter-related areas of con· 
cem, namely those related to health and safety , to specific task 
performance, and to pleasantness of the environment. Issues pertain• 
ing to any one of these groups may exist independently of the others, 
and a reduced or augmented level of performance in one set of issues I 

does not necessarily entail an automatic correspondj • change in the 
level of performance of anothe r. For instance, one can find instances 
of an unpleasant environment as measured by one's acceptance of such 
an environment, which may not necessarily result in a health problem, 
or an environment may be adequate for job performance, but embody 
widetected long range health hazards. 

In this study, we are concentrating on those issues that relate to 
pleasantness of the environment, and we are relying on user reactions 
to determine levels of acceptance. In the course of the study user 
reactions are some t imes used to check performance with respect to 
other issues, as these seem to be pertinent to our focus of research. 
We are therefore studying· habitability issues which aim at fulfilling 
the user's needs and at accomodating his preferences and desires. 
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These kinds of issues are cultur ally variable a11d involve individual 
judgmental conside:-atioos that are difficult to asce rtain wt th much 
accuracy. Results from research on these issues cannot have the same 
predictive power and universality of application as results of re· 
search in other areas such as engineering, health, and safety. This 
should not detract f roaa the importance of the issues. An wipleasant 
environment may adversely affect satisfaction and morale, which in 
turn might affect human performance or mental health. 

Another aspect of the dynamic nature of habitability is that its pa• 
raaeters for satisfaction levels may change in time, and, as the 
level of habitability expectations rises, an initially satisfactory 
environment gay be cane less satisfactory. Thus, as the living stan• 
dards of the civilian population improve, t here will be expectations 
for similar improvements in Havy life which, with the advent of the 
all volunteer force, will have to find ways to reflect the changing 
cultural tastes of new i7ecruits. 

In this study we attempt to identify the features of the environment 
which provide the greatest potential for satisfaction, as well as un· 

satisfactory features. Although some desirable features may repre· 
sent ephemeral fashion, others may conform to basic needs, and there• 
fore be less subject to change. Where the study is sufficiently com• 
prehensive, it may be possible to identify the underlying variables 
so that a more general guideline can be created to aid in design and 
ev11.l &ation. 

STRATl:.Glt;S 

The objectives outlined in the previous tiection assume that the case 
can be made for improved habitability on board ship, and for the de• 
sirability of some sort of user input in the process of design and 
evaluation for habitability. The realization of the said objectivei» 
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requires the development of methods by which user reactions can be 

incorporated into procedures leading to the development of design 

criteria. 

In designing a research effort that would help develop such methods 

with respect to the habitability of ship messing spaces, numerous 

questions come to mind relative to scope, kinds of input, and choices 

open for alternate strategies. Some of these questioos follow. 

Who al'e the usePB? Within the present work force should questions 

be addressed to crew members only, to coDDanding officers, to main• 

tenance people? Since design implies future action, should we not 

anticipate the future composition of crews, the expanding inclusion 

of women? Should, in fact, the inquiry be restricted to direct us• 

ers? What about families and relatives of the users, the supporting 

personnel, the experts and technical people involved in the design 

and/or operation of the environment? 

What envil'OJ1111ents drJ we select? Should we necessarily restrict the 

scope of study to messing spaces, and if so, which ships should be 

studied? Should we study ships at rest, as well as ships at sea or 

on missions ? Should we broaden the scope beyond those specific real 

environments, to also include similar environments such as restaurants 

and cafererias? Can we produce simulated environments and use them in 

lieu of or in addition to real ones? 

What infolfflation drJ we ooZZeot? and h<AAJ? Do we conduct observations, 

or interviews, or distribute questionnaires? Do we ask open•ended 

questions, or should questions be pointedly directed at specific as• 

pects of the environment? What aspects do we include? Do we need 

to select or set up alternatives in order to obtain comparative sub• 

jective responses? 
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HOCJ) do we cmaZyae the x-esponses? How do we extract from the collected 
responses and measurement data the attributes of environments that are 
significant from the point of view of the users? How do we separate 
e~traneous and interfering influences? How good are responses to coaa• 
ple~ environments? Are available methods of analysis powerful enough 
to de•l with the complexities usually encountered in lived in environ• 
ments? Is it necessary to break down the complexities into clearly 
identifiable linear d1m4!nsions? If this is poasible, bow do we allow 
for the mutual interfere..~ee of separate dimensions? Should we strive 
to limit our inquiry to manageabl~ complexities? 

Shou1,d we i.nooPporate the input of design? Should we limit our study 
to existing environments? Would this be er.ough, or should we investi• 
gate what could be in addition to what is? What ~spects of the envi• 
ronment should be selected for the generation of alternatives? What 
form should the alternate proposals take? How do we ohtain responses 
to proposals, and how do these compare to responses to real environ• 
ments? At what points is the input from technicians and experts nee• 
eoaary, and to what extent? 

Many of the above questions are inter-related and some are partly 
overlapping. Even thouf • th,?y cover substantial ground, they are 
far from exhausting the possibilities for questions that may properly 
be raised. Numerous team discussions took place from time to time to 
deal with the above que<,tions, although ther was no conscious effort 
to attack them in any articular order of importance or predetermined 
sequence. Some oft questions were amenable to logi cal or at least 
plausible resolution; many of the decisions taken in response toques• 
tions were based on matters of convenience, or dictated by the con• 
straints within which the team was operating; finally, s011e of the 
work clearly required for proper resolution of a ques ion was de• 
aianed to be completed during the renewal period of this project, or 

suageated for future work. As a result of these discuHions, and 
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within the program outlined in the proposal for this project, certain 
strategies emerged as being the moat appropriate for our purpose. 
Some of these are recounted in more dE. .. • il in other chapters of this 
report, but ~~e main characteristics of the work undertaken are sum• 
marized here under the selected strategies. 

BibZiogreaphy. The research team started the investigations with a 
thorough bibliographic search which continued all through the period 
covered by this task order, and is expected to continue during the 
renewal period. Major likely sources of information were tapped, in• 
eluding the personal bibliographies accumulated by individual members 
of the team. Relevant items were retrieved, and, as time allowed, 
abstracts were prepared where deemed useful. Individual entries were 
produced for the selected items. The first edition of the biblio• 
graphy including these entries and the completed abstracts has been 
organized. 

Field surveys, One of the early tasks undertaken by the team was a 
field survey of a ship to gain first hand acquaintance with the pro• 
blems affecting habitability on board ship. All members of the ini· 
tial tean participated in this vi it to a ship moored at Treasure Is• 
land, in which ample opportunity was provided to see all parts of the 
ship and to talk freely and at length with members of the crew. Sim• 
ilar arrangemnts were made for several members of the team to visit 
a nuaber of ships in San Diego, After the visits, the team exchanged 
information on their respective experiences, and this helped et the 
tone with more accuracy for subsequent portions of tne research. 

Ezperiments using stide V'!:<nJs of e:r:isting ships. The messing spaces 
of twelve ships moored in San Diego were systematically surveyed to 
record their physical measurements and furniture layout, and to pro• 
duce slide views of their main features. Eleven sets of thr£~ slide 
views each were selected as a result. In each set, one of the slides 
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showed a furniture detail while he other two presented two views of 
the space. They were projected side by side simultaneously on three 
equal sized screens to elicit responses from subjects. Questionnaire 
No. 1 (See Appendix A) was used in this experiment with 34 respon• 
dents, comprising Group A. This group included two sub-groups of 
respondents at Treasure Island who volunteered as subjects, each on 
a separate day so that the slides could be shown in a different or• 
der. The experiments conducted later on provided opportunity for 
repeating the collection of responses to ~uestionnaire No. 1 frow 
additional respondents at San ~iego (Group B) and at 'l' reaaure Island 
(Group C). Two types of analysis were run on the responses collected 
from this experiment. In one the differences between enviroru11ents 
were computed on the basis of Wlnormalized data. Int e other, eacl1 
subject's scores on each environment were normalized to the same mean 
and standard deviation before computing the difference. The intent 
of the analysis was to find clearly interpretable dimensions, and the 
relative relevance of rating scales to those dimensions. The data 
collected in this experiment were also fed into other parts of the 
study and provided a basis of comparison for results obtained iu other 
experiments. 

Ezp•ri.Nnts utitiaing real, envi~nnents in actual, use. Thirteen ships 
at San Diego provided the settings for these on•site experiments util• 
izing the real environments of messing spaces. Thirty•eight volunteers 
(comprising Group B, including four Waves) from the Naval Training 
Station were divided into four sub•groups of approximately ten persons 
each who rotated around the 13 ships in 13 days, for a total of 52 
visi s . Each visit included the evening meal for the members of the 
group in the messing area to be evaluated, followed by an evaluation 
of the apace o~ a questionnaire provided for that purpose (See Appendix 
A, Questionnaire No. 2) . Although the groups started with ten parti• 
cipanta in each, this number varied in subsequent days due to the 
failure of acae of the subjects to attend. 
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Physical measurements of the ships were recorded and slide views f 

the interiors were produced where this had not already been done in 

previous visits. On the fourteenth day, all the participants of 

Group B responded to Questionnaire No. i with respect to slides of 

the visited environments and of other messing spaces. They also re• 

sponded to ~lide views of moo.els of ship messing areas depicting 

various color schemes as explained in the following section. 

Data from all responses to Questionnaire No. 2 were analyzed, the 

intent being to discover the main dimensions jn the evaluation of 

real environments of ship messing space fran the point of view of 

Navy personnel actually utilizing the spaces. 

Ezperiments using s7,ide vielJs of modets. It was realized early in 

the project that the limited number of real environments available 

for experiments, in this case the messing spaces of ships which could 

be scheduled for neded visits by groups of respondents, would not, 

in spite of their variety, be sufficier. for the purposes of the pro• 

ject. Ways were also needed by which some control could be exercised 

over the changes in the space complexity while specific variables 

were introduced. The introduction of these variations in real envi• 

rooments was difficult because of the problems of timing and cost in• 

volved. The strategy adopted called for models of messing spaces to 

be constructed in a way allowing variety to be introduced, and for 

slide views to be taken of each stage of variation. These, in turn, 

would be used to elicit responses from subjects. Part of the research 

intent would be to flnd out to what extent the results obtained with 

this method of utilizing slide views of models would be compar.able to 

those obtained froro direct view ng of real environments or of slide 

views thereof. 

A three-dimensional, demountable scaled model of a typical messing 

11pace of a l>estroyer type ship was constructed and furnished with 

scaled replicas of tables and chairs. Color was selected as the 
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first variable to be studied. The removable decks and bull.heads al• 
lowed the illustration of interior fini~h colors used in different 
patterns and combinations. The overhead simulated the light di stri• 
bution of recessed luminaires. Slide views taken of the 110del ap• 
peared convincingly realistic when projected. 

Three experiments were designe~ using different sets of slides for 
different purposes. In Experiment I, the subjective feeling of spa• 
ciousness was tested utilizing seven sets of three slides showing 
different brightness arrangements of achromatic colors. In Experi• 
ment II, eleven sets of three slides were used; each showed differ• 
ent arrangements of color and pattern, with each set illustrating 
variations of the dominant color scheme. They were used to find the 
degree to which these variations were liked or disliked by respon• 
dents. In Experiment III, sixteen selected slides were used to 
elicit ratings in four categories of judgment. 

Ezperiments usuig ths input of design foJt mu.'Lti-pw-pose use of space. 
Early results of the team's research in this project unveiled a sub• 
ject of recurring criticism that seemed clearly amenable to improve• 
ment through design. This related to the fact that, not only did many 
of the surveyed messing areas lack comfort and aesthetic.~ appeal for 
the main purpose of serving meals, but that they also W'~re unsuitable 
for other needed purposes in-between meal times. The problem was most 
acutely felt on destroyer-type ships where space was at a premium. 

Preliminary investigations uncovered several u.ternate off•time uses 
for the space that crewmen felt were highly desirable, among which 
cinema viewing was mentioned most often. Accordingly, this alternate 
use was. selected to illustrate the strategy of desi~n input into the 
process of developing design criteria . The intent of the strategy 
was to demonstrate how user reactions y lea.d to the discovery of 
unfulfilled needs which may be satisfied through a process of design; 
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and how the results of design development would be assessed by accept• 
able technical methods of evaluation which would also incorporate user 
satisfact i~, among the used criteria. 

Analysis of the problem situation revealed that the developaent of 
multi•mode furniture would greatly facilitate the multi•purpose use 
of the space. Six concepts of multi•mode furniture ,-.-ere developed 
in mock• ,p form to allow preliminary opeTational assessments to be 
made. A two dimensional scale model of a typical messing area plan 
was used to illustrate furniture arrangement for alternate purposes, 
using magnetized components for easy re-arrangement of the pieces in 
different layouts. 

Investigations assessing the impact of the composition of respondent 
samples and of their attitudes. One of the strategie agreed upon 
in this project called for the examination of the impact of social 
factors that may influence the responses of the crew and of other 
smples of respondents, or create demands on the designed environment. 
A full•scale investigation along these lines was not intended, since 
this would have required the expenditure of effort beyond that con• 
templated in the project design. 

Two aspects were selected because of their apparent importance, name• 
ly the differences in rating of ships between crew members and other 
categories of re·spondents, and the projected expansion by the inclu• 
sion of woaen on board ship. 

The investigation of comparative ratings among respondents participa• 
ting in the project's experi.Jlents was conducted by means of informal 
converaations with crew members and by the use of questionnaires ad• 
ministered to creW!en on board some of the ships visited in San Diego 
and to volunteers fro~ the Naval Training Station i.n San Diego who 
visited the same ships. 
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The problems to be faced as a result of women's inclusion on' board 
ship were examined by means of questions inserted in Questionnaire 
No. 1 which elicited response~ from Group A, by informal conversa· 
tions ~ith male and female members of the crews, and by a number of 
interviews on board a hcspital ship with a substantial number of 
women in its crew. 

Selecting the appropriate methods of analysis. The process of co• 
verting the rating response into matrices for multidimensional scaling 
can be performed in a variety ways. The data frOlll each subject can 
be standardized either to the same overall mean and standard devia• 
tion, or standardized to the same mean within each rating scale, or 
within each environment. The various forms of standardization yield 
potentially different kinds of information. The approach followed in 
this project has been to see whether the results do show information 
which is of value and consistant with the other results. 

In assembling the standardized data for scaling, it is possible to do 
six different forms of analysis. Some of these may be rejected as 
making unwarranted assumptions about the comparability of data ob• 
tained from different subjects. More reasonable assumptions are made 
in evaluating dimensions of differences between environments for each 
rating scale and this has been the main approach co the analysis. 
Wher~ complete data is available for each environment for an indivi• 
dual, it is possible to compare his respons s to the responses of 
other such individuals to evaluate differences in response to the en• 
vironments and differences in the use of rating scales. This data 
may b~ of use in identifying the range of individual priorities, and 
in developing better evaluation techniques. 

RJ::SULTS 

Definitive results of the study will be included in a number of pro• 
jected technical reports. The following sections of this report show 
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so• of these results where they have been reached. as well as tenta• 

tive conclusions derived fraa the work coapleted thus far. Hiib· 

lights of these conclusions and i nterim results are suuaarized here. 

Bibtiogztaphy. The bibliographic re,earch conducted so far has resul• 

ted in substantial sections under a number of headings. A technical 

report scheduled to appear soon will include the completed sections 

in a first edition of a bibliography on habitability. This may prove 

to be a useful instrument for quick reference to sources of informa• 

tion on some a,;pects of the subject. The iufo:rmation collected thus 

far has helped our research team avoid the duplication of past ef· 

forts, and, in scae ,cases, provided the background needed for our own 

work. A future edition of the bibiliography will add new sections 

when completed. and revise previous sections where warranted by sub• 

atantial additiODS. 

Seating. The multidimensional scaling process using rating scale 

data iu evaluating a wide range of perceptual features of the en• 

vironment is being used here for the first time. The emphasis in 

this early report has been on the description of the methodology 

and exploration of the process of analysis and interpretation. Is• 

sues need to be resolved with respect to the choice of subjects. 

stimuli, and rating scales. as well as the process by which the 

evaluation is done. The ratings may not be as useful in raw fot'Dl 

when they are standardized to equalize the impact of each evaluator 

on the results. Finally, it is necessary to select the rating scal es 

to be used in any one of the series of analyses and to identify re• 

sulting dimensions for interpretation, The process of sorting rating 

scales into ••compatible sets•• and finding the appropriate number of 

di•nsions to request for each set. is. to some extent. a process of 

trial and error with the initial results providing an indicati on of 

the relations between rating scales and stimuli which will hopefully 

emerge lat.r in clearer form. 

16 



The question of how many diir.ensions to request involves both issues 

of interpretability, and issues relating to statistical significance. 

The typea of analysis usually used with the data does not provide a 

better fit with an increasing number of subjects . An additional di• 

menaion may not provide a s ignif icantly better f it to the data, yet 

aay allow a more straightforward interpretation of the relation be• 

tween the rating scales and physical differences in the environments. 

Because of these issues, further exploration of the statistical sig• 
nificance of dimensions is required for a satisfactory interpreta• 
tion of the data collected. 

Sl,ida views of mods ls. The three experiments relating to color, in 

which slide views of models were used, have yie l ded some interesting 

results: 

a. Although some ambiguity may be removed by projected changes in 
the design of the experiment isolating the brightness attributes, 

results collected so far indicate that the brightness of deck sur• 

£.aces is related to the perception of spaciousness ; the brighter 

deck.a positively influence the feeling of spaciousness. 

b. There is a consistent and predaninai.1t preference for schemes com· 
posed of relatively high chroma, hue contrast, brightness contrast, 

and pattern, which may provide a basis from which principles of 

color selection and application can be derived. 

c. A ••stimulating'' environment i s thought of as being both desira• 

ble and appropriate for messing spaces, provided the environment be 

also appropriate for dining by avoiding extre,ae application of super• 
graphics including high chroma and contrast. 

d. Color slide views of models offer adequate substitutes for real 

environments allowing controlled changes to be more efficiently in• 

troduced in systematic perceptual s tudies of environmental attributes. 

Studies along these lines proje ed for the renewal period aim at 

further validation of this substitution adequacy by matching the 
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color schemes of real environments in simulations, and subjecting 
both to reactions of crews and other subjects. A technical report 
is projected in which this series of experiments and their results 
will be reported. 

The input of d£Bign. Early Malysis revealed the need to provide 
for multi•use of the messing space, with cinema view ng rating high 
on the list of desirable alternate uses. It also showed that de• 
velopment of multi•mode furniture would greatly enhance the multi• 
use capability of the space. The six concepts for multi•mode furni• 
ture, developed at this stage, Yere designed with this purpose in 
mind. 

Performance criteria were fomulated to evaluate the developed con• 
cepts under the headings of accomodation, operation, appearance, 
structure, mechanisms, materials, maintainability, cleaning, hazards, 
and safety. The intent was to conduct a technical appraisal of the 
designs with regard to these criteria, and to follow this with an 
evaluation in which crew responses would be recorded. 

So far, only the technical evaluation has been conducted. When the 
crew responses are collected, the combined results may lead to the 
selection of one or more concepts for further development. 

Impact of crew composition and attributes. When responses to envi• 
ronmental differences by crew members are compa red with those exer• 
cised by visitors who are not members of the crew, the most striking 
result is that the crew, with few exceptions, rate the environment 
considerably lower than the visitors. The range of responses of the 
crew tends to be much narrower than the range for responses by vi• 
sitors. But the rank ordering of preferences is, with few exceptions, 
the same for crew and visitors alike. The crew's reactions are in• 
fluenced by their life on board, as well as critical failures of 

18 



performance in situations of severe use, while visitors tend to react 
to perceived characteristics of the environments and to visible evi• 
dence of poor performance. It seems, therefore, that responses from 
a visitor group similar in composition to the crew, but not actually 
working on a ship, would provide a more reliable input for the study 
of environmental characteristics, except in cases where fun tional 
performance is involved. In these cases, the experience of the crew 
with the environment in actual use would provide more reliable input. 

The inoZ.usion of 1Jomen on board ship. Initial sampling of men and 
women regarding their attitudes toward the inclusion of women on 
board has yielded some tentative results which will be further scru• 
tinized in the light of additional input contemplated for the re• 
newal period. 

The majority of men are favorable or ambivalent toward the possi• 
bility, with some suggesting the presence of women be restrict'ed in 
some areas of the ship. Chivalry, concern for the women's safety, 
and/or the need for men to maintain some male preserve are among 
the motivating forces for men's attitudes. Women expressed needs 
such as private access to sanitary spaces from berthing areas, re• 
duced crowding in berthing areas, maintenance of modesty, and in• 
creased locker and storage spaces. 

It seems that with the inclusion of women on board ship, t e hetero· 
sexual environment may help in the retention of personnel, although 
some areas of the ship may have to be designed for relaxation and 
the exclusive use of each sex. 
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tract No. N00014•71•6•0397 Work Unit No. N~ 196•113, July 1972. 
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II. MULTIDIMENSIONAL SCALING EVALUATION OP HABITABILITY 

Multidimensional scaling has been developed as a means for analyzing 
human responses to st1'auli where there are aultiple stillulus attri• 
butes and where these attributes may have no simply related physical 
correlates. Thia section illustrates the applicability of multidi• 
mensional scaling to the assessment of habitability; it demonstrates 
modifications to ~urrent multidimensional scaling procedures which 
are more appropriate to scaling stimuli as complex as human environ• 
menta. Habitability can, in part, be specified as a set of physical 
measures (temperature, sound level, light quantity, physical dimen• 
aions), but there are many other features of design which are not as 
easily specified and may be as important in providing conditions which 
will be perceived as habitable. 

The reaearch is primarily focused on an exploration of methodology 
and its implications. As a part of this exploration, some initial 
habitability evaluations have been made of shipboard conditions in 
aeHing areas (13 destroyer and amphibious types) and of elides of 
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the•e and other ships by various groups of enlisted personnel. The 
analyais of these evaluations is primarily used to provide examples 
of the applicability and limitations of the methodology. 

The range of environmental features relevant to the issue of habita• 
bility is partially determined by the responses of the occupants. 
Theae responses are limited by the perceptions of the occupants, and 
the means they have to convey their responses. One of the simplest 
survey techniques is to use a questionnaire to elicit an evaluation 
of the environment by an occupant. Unfortunately, the responses may 
reflect a variety of features not related to the physical environment; 
also, the subjects generally do not have a f~eling for the range of 
alternatives which are possible. They may be unable to appreciate the 
success or failure of features in their own environment. In evalua• 
ting several environments, there is the advantage of providing a con• 
text for evaluation, but the difficulty of separating an overall re• 
sponse from more specific criticism and praise remains, since it may 
be assumed that each evaluative response is partly affected by the 
overall impression. An additional problem is the implicit dependence 
on the acales meaning what they ••appear•• to mean. A single scale 
may be interpreted in different ways, yet this interpretation will 
not be found by a comparison of average ratings. given environment 
may be quite good in one sense, and poor in another, yet receive a 
moderate rating as the average. The ••overall evaluation'' may b 
seen as an alter,,ative interpretation to each evaluative scale. 

NultidimBnBional Soaling 

A partial solution to the problem of the evaluative scales is found 
in the use of traditional multidimensional scaling. In such scaling, 
instead of requesting a rating of each stimulus, the judgment re• 
quested is to estiute how different two stimuli are from each other. 
Once all pairs of dissimilarities are found, then the analysis models 
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theae responaee as distance• along one or 110re axes. The more di£• 
ferent two stimuli appear to be, the further apart they will be on 
one or 110re axes. If the estimates of dissimilarity are assumed to 
have the sue properties as distances, then the analysis process de• 
scribed by Torgerson (1958) may be used. Where the estimates are 
assumed only to be ordered roughly according to size, then a ■ore 
complex analysie proceaa developed by Shepard (1962a,b) and improved 
by others (Kruskal, 196) is used. The results of both processes 
have the aaae fora (locating stimuli on axes). In practice, the re• 
sults of analyzing the same data using bo th methods have been similar. 

A repreaentation of the analysis process is shown in Figure 1, where 
the first table or matrix shows the d ss1milarities. These dissimi• 
larities aay be treated as distances and graphed as shown in the Pi• 
gure. After analysis, this matrix of dissimilarities may be repre• 
sented as locationa on two axes or dimenaions. One of the possib.\ 
numerical and graphical equivalents of the axes is shown as X aud 
Y. The axea may be arbitrarily placed and still adequately represent 
the aatrix of distancea. Convention places the mid•point of the axes 
at the centroid of the points, but this placement is not necessarily 
related to the .. gnitude of the underlying attribute which evoked the 
diatinctions shown as the spread of points. The axes are generally 
placed so that each contains the most remaining variance, but this 
plac•ent ia not necessarily related to the attributes. 

y 
a b C d e 

a 0 2 . 0 5.0 4.4 2.0 
b 2.0 0 3.0 3.0 2.0 
C 5.0 3.0 0 3.0 4.4 
d 4.4 3.0 3.0 0 5.0 a e 2.0 2.0 4.4 5.0 0 

Dissimilari tiea Matrix 
X 0.0 2.0 4.4 5.0 1.0 ---'--.. e--------x y 1.7 1.7 1.7 4.3 o.o 

Dimensions in the Matrix 

Figure 1 
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tillere a fn attribute• ftre of intareet, the problea of placing the 
axes uy be solved by orienting the axes to correspond to physical 
variables or features of the etiauli. Where there are aany attri• 
butes, i t is far 110re diffi cult to match features and axes; whatever 
utchi ng is done re-ins a utter of judgaent. Jf there are speci• 
fie attributes which contribute to the perception of differences be• 
tween stimuli, then it is desirable to use a means of analysis which 
recovers those attributes witt-.out intervening judgment. 

A second 11111.tation of aultidiaensional scaling, as it has been ap• 
plied, involves the infomation which aay be recovered from dissimi• 
larity judgaente. One review of research suggests that •u-ry judg• 
aenta aay be adequately represented as a linear combination of only 
a few of the aany possible variables (Shepard, 1962c). Nonetheless, 
subjects felt that they were accounting for ■ore than the one or two 
upecta which were significantly related co their judpente. A 
scaling process which depends on such suaaary judpents is unlikely 
to acco110date the diversity which can be perceived in hU11Pn environ• 
•ent. The scaling process itself creates some technical difficulties, 
in that pairs of atiauli have to be considered and even a few stimuli 
can require repetitious revisiting of environments when they are con• 
sidered in pairs. 

NfAiJ Appl'Oachu to Scaling 

A general technique for ident "ying unique and relevant axes baa been 
developed by Carroll and Chang (1970). lather than u6itng one aatrix 
of dieaiailarity judgaenta, multiple aatrices are analyzed siaulta• 
neoualy into a single set of axes which is fitted to all of the ma• 
trices. I.a origirually proposed, each ■atrix is the result of a sin• 
gle individual'• data and it aay be asau•d that all individual• do 
net give any specific axis the saae weight in their judgaents of dis• 
aiailarity. For exaple, Wish (1970) d•onatrated that ••hawka'' 
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tended to see political alignment as more important in dissimilari• 
ties than did ••doves••, who emphasized econarric development in 
j"dging dissimilarity. To a ••dove•• the USA and USSR were more si• 
milar than the USA and Mexico, but to a ••hawk'' the USA was more 
similar to Mexico. Both groups used both dimensions, but they 
weighted them differently. 

Wish (1970) provides an alternative to single judgments of dissimi• 
larity by using a series of rating scales to evaluate each stimulus. 
He compares these results with those from similarity judgments and 
similarity sortings. Osgood, Suci, and Tannenbaum (1958) also have 
done sme multidimensional scaling of semantic differential ratings 
with results coaparable to factor analysis. In developing dissillli• 
larities froa the ratings, each rating scale is treated as an inde• 
pendent axis in multidimensional space. The distances are computed 
between stimuli as root of the sulllled squared rating differences on 
all of the scale axes. The data structure of environments, rating 
scales, and individuals is shown in Figure 2 along with the notation 
necessary to express the computations. It can be seen that the anal• 
ysia used by Wish collapses the ••data solid'' along the rating scale 
mode, producing one matrix of environmental dissimilarities for each 
individual. Equation 1 shows how these dissimilarities are generated 
froa differences in ratings. Horan (1969) has shown that where dif• 
ferent perceived attributes are judged at a level approaching a ratio 
scale, it is appropriate to combine these structures using this root• 
~ua-aquare approach. 

(1) 
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t dim•nsions r 

n subjects i,j 

11 stimuli h,lt 

g scates q,p 

ratings yiltp 

coo'l'dinat.s l\.t 
WBights vqt 

distances <iik 
dissimi Zax-i ties shk. 

FiguPB 2: Te:mrino wgy and data aonfiguration 

Using the rating scales, it is possible to obtain a wide ranKe of 

assessments of each stimulus, to rate each stimulus in turn (rather 

than work with pairs), and to correlate the resulting dimensions with 

original ratings so as to more positively identify the nature of di• 

mensions resulting from the analysis. Wish, using judgments with na• 

tions as stimuli in com:-;r.ring the different approaches, found that 

the first two dimensions of each of the approaches wer similar. 

These dealt with political alignment and economic development. The 

similarity ratings and sorting provided third and fourt.h dimensions 

which described ethnic and geographic separation. The ratinK scale 

data yielded a different third dimension relating to internal satis• 

facti n and no fourth dimension. 

The Carroll/Chang 1DOdel changes dissimilarities into distances by 

assuming a linear transformation (L) shown in Equation 2. There hu 

been a growing awareness that, while it is desirable to maintain the 

ordinal data properties in developing non-metric scaling (Shepard, 

1962a,b), the results of assUlling a simple linear transformation are 

often equivalent (Young and Cliff, 1972). The model of stimulus co• 

ordinates and weights necessax-y to reproduce the distances is shown 

in Equation 3. The weights wit effectively expand or contract the 

differences (xht • xk.t) along the axes but are expressed as terms 
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already squared so that they are always presumed positive. The op• 
tion of changing the sign of the difference would have no meaning, 
nor would the sign be determinable from the matrix of dissimilarities. 
Even though the axes are identified with respect to the orientation 
of the axis, it is still necessary to identify the nature of the ex• 
traes on the axis, since the mirror image of the axis would as ade• 
quately fit the model. 

(2) 

(3 ) 

Where Wish (1970) used the differences in rating along one mod 
(rating scales) to compute the dissimilarities between elements of 
a second aode (stimuli) in order to produce one matrix for each ■em• 
ber of the third mode (individuals), it can be seen that it is com• 
putationally possible to collapse the data solid in any one of six 
different ways (ordered pairs of three elements). ThP.re is perhaps 
less sense in subtracting t he ratings of one incrl.vtdual from the ra• 
tings of another, ao it Juld be diff icult to ju ti y co~puting the 
dissillilarities between individuals producing one matrix or each of 
the rating scales or for each of the stimuli. The matrices of dis· 
similarities between rating scales ,• , ha computed for either the 
individuals or the environments, but the resulting information is 
perhaps more of semitntic interes t than of ~e in distinguishing en• 
vironments. Of greater interest in evaluating environments is the 
possibility of computing the dissimilarities between environments 
for each person or for each rating scale. By using only one rating 
scale to generate disaimilarites, the problem of different rating 
scales having different numerical properties is avoided. Each of 

27 



the diesi■ilaritiee aatricea contains the information resulting fro■ 
different individuals using the saae scale. If differ nt interpre• 
tationa are made of the rating scale, then different rating• will be 
given and different dimensiona will result fr011 the same matrix. 

lt is likely that aimilar information will emerge fro■ an analysia 
of inter•envirooaental dissimilarities whether the data are accwa1• 
lated for each individual or for each ratin~ scale. The rating scale 
approach doea ide~tify which scales contributed to a given di.lleo.aioo. 
Where there are many possible dimensi0118, it is desirable to take 
related aubgroups of rating scales to be analyzed together. The ap• 
proach requires only one step, rather than having to correlate ratings 
to the resulting diaenaions as a second step after the multidimen• 
aional scaling required by the use of dissimilarity matrices for each 
individual as propoaed by Wish. 

In teraa of Carroll and Chang's 110del, the equation for generating 
the inter•environ•nt dissimilarities for each rating scale becomes: 

and following the monotone transforaation, the model for reproducing 
the disaiailaritiea: 

where now the wqt tena relates each rating acale to each dia naion. 
Since the rating acales are likely to be more independent than the 
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individual■, there are likely to be only a few matrices which con• 
tain a given dillension and develop a wqt term of significant mag­
nitude. llaaults being now accumulated across many individuals, some 
noise reduction will have taken place in comparison to dealing with 
individual data. It is still possible for individuals to use the 
rating scalea with different interpretations, producing several di• 
mensiona for a given rating scale. It is alao possible for two ra· 
ting scales to combine, providing the opportunity to express a re• 
sponse not appropriately described by either scale alone. In the 
sense of handling verbal distinctions, the analysis technique is com• 
parable to factor analysis of semantic differential ratings. However, 
it appears to be 110re sensitive to environmental distinctions and will 
find more dim naiona than will a factor analysis of the matrix of cor• 
relations between rating scales (Blasdel, 1972). It is not necessary 
to have redundant scales in oder to develop a correlation. In com• 
p ri&on to the use of dissimilarity judgments, there is the potential 
for more dillensions, since each rating scale mat r ix 11ay represent a 
different judpent, which aay itself contain several dimensions. 

l.>ATA SOURCES 

The main source of raw data was initially conceived of as an evalua· 
tion of shipboard conditions in messing areas. However, the oppor• 
tunity for men to visit se eral ships and evaluate them was limited, 
so a major concern was the exploratioo of alternate means of pre· 
senting shipboard environaants. It is also important to be able to 
explore alternatives not present on board existing ships, so a form 
of aodeling is indicated. In all, six sets of data have been col• 
lected for a.tltidimenaional scaling from three groups of subjects. 

Aa a preliainar.y study, 34 aubjecta evaluated sli es of messinK areas 
(Environaenta 1•12) using Qu•stionnaire No. 1 (Appendix A). This 
jroup (A) wu divided into two sub-groups, who viewed the slides 
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in different ordera. The subjects were experienced enlisted •n with 
three to twenty years of service. 

Group B generated a majority of the raw data by visiting 13 different 
lle8sing areas (Environments 20•33) at the rate of one environment a 
day. The 38 individ ala ii\ Group B were in technical training fol• 
lowing boot cap and only three had aore than a year• s experience in 
the service. In addition to visiting the ships• Group B evaluated 
the sae group of slides as were seen by Group A and evaluated the 
slides taken of the •••ing areas they had visited (Envirollll8Dts 20•30 
including four aeta of slides for Ship 24 showing different measing 
areas on board). For the purpose of the visit.a, four aub•groups were 
defined and each group visited the ships in a different order, with 
the constraint that all visits to any one ship were coapleted in a 
single week. Not all of the subjects appeared for any one visit. 

Group C consisted of 18 118ll, all with more Navy experience than Group 
B. They evaluated the slides of the ships visited by Group B (inclu• 
ding EnvirODMnts 31 •33). Groups B and C were only available for a 
single presentation sequence. Group C also evaluated slides of_,. 
dela of a •••ing area with different color schemes using a brief set 
of four rating acues. The rating systea used is presented in Ap• 
pendix A. 

The slide preaentations used three projectors and screens, and pro• 
vided for all the elides of a ships• messing area to be presented at 
one tiae. The "enviroment number,. waa announced with each set of 
alidea. Occuional questions were answered openly ( .. Yea, the brick 
is artificial.••) but no evaluative c011118nta were aade. Soa com­
aents were ude by the aailon , but this repartee was discouraged; 
it ia likely that these comaents had so• effect on the responaes of 
the other aailon. 
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Although collecting so ■any aeta of reaponaea to slides was not an• 
ticipated in the initial. research design, the relative youth and 
inexperience of the sailors visiting on board ship indicated that we 
should obtain reaponaes from older, more experienced sailors. Ship• 
board tours were not possible, but it was possible to obtain reaponaes 
from the le•• experienced Group B to two sets of slides. One of these 
aeta had been evaluated by a more experienced group (A), and the other 
set was evaluated by the second experienced group (C). Th intent was 
to ahow, if possible, that both the experienced and inexperienced 
groups had parallel responses to the slides and that the responae of 
the inexperienced group to the slides was aim1 ar to their response 
to shipboard conditions. It would also be possible to merge the data 
from different sets of evaluations where either the subjects or the 
stimuli were cc,-,n (Group A and B slide evaluation, Group Band C 
slide evaluation, and the two sets of slides for Group B). 

The ahipboard visits took place from 16:00 to 18:00 each weekday for 
three weeka excluding the first Monday and last Friday. The subjects 
uaeal>led and were taken by bus to the pierhead, arriving at about 
16:30. Each of the four groups went to a separate ship. On the ships, 
aall delays were experienced in obtaining clearance to board and in 
waiting for the serving to begin, but only one ship had delays of more 
than 15 minutes. In picking a seat, the subjects were instructed to 
sit facing into the room, not towards a wall. Following the meal the 
questionnaires were filled out. Then, the group reassembled and re• 
turned to the pierhead to be picked up by the bus. In each of the 
four groups, a leader (the senior enlisted man) was in charge of dis• 
tributing and collecting the questionnaires. 

MeasureMnta were taken in the ships' messing areas. Dimensions, 
colors, and other stable features verd measured during a daytime 
viait, whil e sound levels, temperatures, and other variable measures 
wre taken during a Mal on oard ship. Only one set of measurements 
could be made during the meal on any one day, so the variation during 
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the other three days when the ship was visited by an evaluation group 
remains unaccounted for. The floor plans and the ·.aeasurements for 

each ship are giwn in Appendix B. 

ELEMENTS OF HLJLTIDIMENSIONAL SCALING 

The scaling requires sti.Jauli, subjects, and an evaluation process, 
as well aa analysis and interpretation. In each case, there are 
various alternatives in the design of the research; it is the pur• 
pose of tbis secticm to explore the altematives in the light of 
the existing data. Multidimensional scaling is primarily useful in 
structuring infonu.tion about h<N sti.Jauli are perceived, and deter• 
aining how complex the descriptions of the stimuli have to be to pro• 
vide the same kinda of distinctions as are made by the subjects. It 
is assumed that the subjects perceive one or more attributes of the 
stimuli and the object of the analysis is to recover information about 
these attributes. While some perceived attributes aay be simply re• 
lated to a physical measurement, often the human sensory responses 
are not si■ply related to one variable, but depend very much on the 
context in which the variable is perceived. A piece of paper with a 
luminance of 10 foot•Lamb rts will appear black in the context of a 
sunlit snowfield, but very bright if seen on an overcast night. Even 
aore difficult to associate with simple measurements are perceptions 
of appropriateness in color schemes and other aesthetic evaluatior.s. 

Another purpose of the scaling analysis is to determine preferences 
where there are a variety of stimuli which may influence opinion. 
The scaling of such things as "seating", with respect to a "good •• 
• : ••. poor•• scale ■ay yield specific variables as significant. But, 
the variation in the stimuli aay not be sufficient to do ■ore than 
distinguish gross features. While not as specific as ''light quan• 
tity••, this kind of information can be particularly useful in making 
design decisions, because it provides an overview of the desirability 
of extant alternatives. 
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Some definitions may be necessary to distinguish between the concepts 
involved in the methodology. The analysis process is designed to 
yield di.numsicms which are defined as specific stimulus locations 
relative to each other and expressed as a graph or table of numbers. 
An att:ri.buu is the perceptual equivalent of a dimension, and re• 
flects a characteristic of the environment which allows for meaning· 
ful distinctions. It is hoped, that as a result of the scaling and 
analysis process, the dimensions will approximate attributes. An 
evaluation or rating soo'Le is the means used in this study to allow 
the expression of perceptions. Due to limitations in vocabulary, it 
may be necessary to name dimensions after the rating scales which 
have best allowed an attribute to be expressed. Occasionally it will 
be necessary to refer to the mathematical 110del of a dimension in the 
abstract, in which case a dimension is referred to as an a:x:i.s. The 
characteristic of the environment which is thought to relate to a di• 
mension is termed either a -physicat va.Piabte or a feature depending 
on whether a continuous variable or a set of discrete alternatives is 
thought to exist. 

In addition to aiding in identification of the attribute, the devel• 
op11ent of quantitative relations between evaluations and physical 
variables may require the use of the scaling procedure. In developing 
s011e quantitative correlates it may be reasonable to conduct research 
on artificial stimuli, outside of the context provided in assessment 
of occupied environments. In other cases, the most complete context 
is desired and it will be necessary to use a multidimensional approach 
to separate the attributes of interest from other responses. For ex· 
ample, in assessing glare it may not be meaningful to assess adverse 
responses outside of the context of visual tasks in a library as com• 
pared to a dining area, becaus~ the implied tasks are different and 
the adverae responee may also differ. 
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Choioe of Sti.mu ti 

It is neceaaary for the subject• to evaluate a aet of stimuli, chosen 
to represent the kinds of variation to be inveatigated. he stimuli 
aay either be real, full•scale, active environments, or some form of 
representation. The representation of the environment (slide, model, 
mock•up, etc.) should be evaluated in the context of either experi• 
ence or realistic conditions. In evaluating slides of messing area 
seating, Groupe A and C both favored movable seating to cantilevered 
seating fixod to the table supports. While the stimuli were presented 
88 slld~e , the evaluation could be considered as taking place in the 
context of the groups' experience at sea. The leas experienced Group 
B, in evaluating the stimuli as visitors, made a similar distinction; 
they alao preferred movable seating. Without these experiences, the 
credibility of evaluations would be questionable. 

One difficulty in evaluation of models ie that the users may see 
••new•• alternatives as ''better••• Unanticipated probl•s may not 
be perceived and where existing conditions are not seen as particu• 
larly favorable, any change may appear to be to the better. To some 
extent, this problem can be alleviated by including rating scales 
which assess the ••newness''• In any case, the ev luati011s under 
these conditions should be considered as a screening of notably un· 
favorable alternatives and not 88 a positive approval of any new 
ache.es. 

The nuaber of stimuli used will depend priaarily on the number avail• 
able and the ti• that can be devoted to the evaluation. The more 
coaplex the range of features to be inveatigated, the larger the sam• 
ple abould be. Where two or three dimensions are expected, it is 
difficult to distinguish effect• if fewer than ten stimuli are used 
and this generally represents the lower limit of the number of stim• 
uli required. In the evaluation of expensive p~ototypes, it will 
probably be worthwhile to develop and work with smaller numbers of 
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atiauli. Thia being the cue, there is a strong likelihood that the 
number of diaenaions will be restricted by the limitations in atimulus 
variatiCllls, rather than the perceptual capabilities of the subjects. 
The testing •Y be useful for evaluation and may provide some data, 
but would tend not to allow as wide a range of dimensions to emerge 
as could be the case in working with more stimuli. 

The introduction of unusual stimuli within a coordinated set may re• 
ault in the odd stimuli appearing at the extreme on many dimensions, 
which would distort the analysis of the remaining stimuli. It may be 
desirable to introduee sev•ral members of a distinct type, so that 
where there is a range of differences within the type and within the 
reat of the etiauli, then the dimensions will show these parallels. 
An unusual example may fit within the pattern of the stimuli on a di• 
mension, but it requires several examples to begin to demonstrate that 
fit. By including several amphibious sips in the study of ship 
aeaaing spaces, it was possible to note that the general results ap• 
plied to both destroyers and mphibious ships. It was noted, however, 
that the ship as a uhol.s dimension tended to be rated lower for am• 
phibious shipa, perhaps because of the visual eftect of cargo areas 
of the ships viewed en route to the messing area. Although one car• 
rier !light have been available for study, is was not included because 
it would be difficult to generalize with respect to one example of 
that 11essing area type. 

The elements which can be scaled include anything which is thought 
to be perceived and aay vary from one environment to the next. This 
ranges froa the friendliness of the occupants of an environment, to 
the color echeme, to the amount of light. The rceptiOllS will be 
aoaewhat tie same whether the full-scale environment is visited, or 
soae other fora of representation is used, provided that essential 
features are coaaunicated in the representation. It would be very 
difficult to coa.unicate an atlequate impression of the crew's friend• 
in••• in a few slide• or a model. This may not be an interesting 
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topic except to allow expression of a possible reaponae on board ship 
which could affect other judpents. It ia not difficult to c011a1Di• 
cate color and visual texture, as well u the relative size and posi• 
tion of surface• using color slides. Alao, with slides it is possible 
to choose particularly favorable or unfavorable scenes in the same 
enviromaent. Yet, a slide cannot accurately cc:aaanicate the amount 
of light in a space because of the limited contrast range of film and 
the necessity of changing exposures from one space to the next in or• 
der to rodel the adaption of the eye. Therefore, any interpretation 
of the responses must be based on the slide as the stimulus and not 
on the enviromaent aa a whole. It is possible to select and present 
portions of environments which convey particular design features and 
assess their appropriateness without concern for the entire environ• 
ment as a stimulus. 

Another fora of stimuli would involve aaterials for floors, seats, 
tables, or walls. To some extent, given a sample of the material, 
an evaluation can be made of the material in isolation. Where the 
coordination of colors is important., it may be necessary to use a 
model which incorporates the material in a context, which can be pre• 
sented as slides. AJJ moat materials come in a variety of colors, it 
may be possible to aeparate color evaluation from an evaluation of 
textural and mechanical properties. There is a clear consideration 
necessary for the conditions of the evaluation. A floor material 
which aay bec011e wee in a high sea, cannot be effectively evaluated 
for traction under less evere conditions. It would be a practical 
experiaent to install a variety of materials in a passageway and then 
do an evaluation under varying conditions. 

Subjects 

The choice of individuals to do the evaluations depend• on what kind 
of experience i• necessary. In some cases, the background of the 
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subjects may lead to a set of aesthetic preferences which differ from 

other aeta of subjects. Architecture students might not have the 

sue color preferences aa sailors. These preferences may be di ·er• 

gent r it could be that the sailors would simply be leas critical. 

Where divergent preferences exist, it is necessary to identify the 
group whose satisfaction is most import~1t and use their evaluati s, 

or to seek a comon ground acceptable to the divergent ta•tea. Where 
the aaae kinda of preferences can be expressed by more discerning 

subjects, then the aore critical judgments are appropriate since 

they will likely make better separations at the moat preferred end 

of the acale. 

Some observers because of training or continued interest over a per• 

iod of time, will make distinctions between stimuli that ordinary 

individuals would not make. To some extent, the more discerning the 

observers the better, as long as they are responding on the basis of 
comaon human perceptual abilities. In evaluating lighting in libra• 

riea, architecture students distinguished between glare fr011 lights 

and glare fro• surfaces (Blasdel, 1972). In responding to the a&Jle 

rating scales, the sailors evaluating messing areas did not distin• 

guiah between the different types of glare. Thia may have been due 

to a lack of variation in the environments, or the irrelevance of 

separate rating scales in the context of dining, but it ia more likely 
that ••glare•• was a single perception to the sailor group and repre• 

aented several distinct attributes to the student group. Since in 
design the problem of surface reflectances (direct and diffuse) can 

be considered somewhat separately from fixtures and overhead design, 

it is uaeful to have this distinction made. 

Subjects may have a particular attachment to oue or more of the en• 

vironments to be evaluated. Such a case may occur where subjects 

coae from each of the environments and evaluate other environments 

as well as their own. Thia effect could lead to a research approach 

which would be particularly useful in identifying long tena effects, 

37 

----



but to date it bu not been possible to assemble such an experiment. 
The subject• have been ''disinterested'' parties with respect to 
particular ship environments. The architecture students did evalu• 
ate their own library, but the only dimension wher the evaluation 
of the environment showed influence was in the overaZZ evaluation 
which waa soaewhat better than would be indicated by individual ra• 
tings. 'r.lis suggests that subjects ••objectiv~ly'' evaluate indivi• 
dual rating acales on the basis of physical evidence, but may be in• 
fluenced by other considerations in the more inclusive scales. 

If soae subj~cta do not evaluate some of the environments, the anal• 
ysis can proceed by using the data for the pairs of environments 
which were evaluated by a particular subject. Account must be made 
for the nuaber of individuals contributing to each pair. This kind 
of analyais is possible only for the development of inter-environment 
diasiailaritiea for each rating acale. In any experiw.nt wherl! attri• 
tion ia poasible without au ing all of the data for the dropouts to 
be rejected, it is possibl .o introduce a bias in the environments 
evaluated early or late in the experi?aent. While slide presentations 
result in few ■iaaed environments (occasionally a rating scale is 
akipped), the process of visiting one ship a day resulted in some 
attrition. Only 11 of the 38 subjects visited all of the ahips, and 
the laat week only 23 participated regularly. The average rating 
for the laat week's ships tended to be high, but when each person's 
data for all the ships together was brought to the saae mean, the 
evaluation for these ships, with respect to the individual dimension, 
vu in line with the physical features on board. This suggests thRt 
the lesa aatisfied subjects tended to drop out, and that satisfactiou 
waa not biased toward any particular features. 

The rating acalea are uaed to provide aultiple ~•••••••nta of each 
enviroaaent. Ideally, the scales extract the infot .. tion the aubject 
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baa to offer without becoming redundant or asking for di tinctions 
the subject is not prepared to make. It is not possible in advance 
to know precisely what dimensions will result from analysis of the 
data. This makes i necessary to ask for more evaluations than are 
likely to result in di•nsions, so as not to miss any areas where 
the subject• aay have information. Each scale will be used by each 
subject•• ■any times aa there are environments to be evaluated and 
the effectll of any extra scales tend to accumulate. A topic for fur• 
ther research involves the adverse ffects of too many rating scales. 
A subject may rate three scales considering each independently, but 
where numerous, more specific scales are used to extract the same 
information, the subject may assign coDDon meaning to the scales and 
actually reduce the amoWlt of information transmitted. 

The most co•on type of evaluation required is to ask for a ••good .. 
. : •.• poor'' rating of some element of the environment. The elements 
rated in this way can include color, the overall impressions, the 
arrangeaent, materials, colors, cleanlinessai, and even design. Ra• 
ther than using a general evaluation, it is possible to use specific 
terms at the ends of the scale: ••the air is: warm •.• : •.. cool''• 
Where it is not clear that the mid point or one end point of such a 
scale represents the desirable alternat ive, then it is possible to 
include an additional ev luative scale. The effect of such a scale, 
provided both scales result in identifiable dimensions, would be to 
show that either warm or cool (in this case) is less desirable tha~ 
a mor oderate temperature. The result of a graph would be a n 
shaped curve, where the vertical axis represents desirability and 
the horizontal axis shows the perceived level of the particular vari• 
able. It is an open question which type of scale is to be preferred. 
Since the subjects define the terms on which quality is based, it may 
be ,wre appropriate to use ••good •. poor•• wherever possible, resor• 
ting to 110re specif c scales only where it is necessary to elicit 
rHponH• to features which would bl! difficult to deilcribe othcrwis11. 
To s011e extent, the specific scales can be used to clarify potential 
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reaponau to complex stimuli by eliciting a deacription as well as 

the evaluation. In the shipboard evaluation■• the subject• w re 

aak.ed to evaluate the room surfaces on a • •good •• poor•• scale. and 

then to rate whether they were ••cluttered •• uncluttered••. This 

aspect (clutter) could be an important feature• and would be dif fi• 

cult to aese•• by any phytJ . cal measurement. 

AnotLer form of evaluation is to ask which £ tvo stimuli is the more 

dollinant: •••hip•• noises .•• : ••• human noises••• This kind of evalu· 

atim was particularly difficult as subjects wi bed to expreos that 

both were objectionable and occasionally marked both extremes. In 

such cue•• it would be more appropriate t o use the two scales t o as• 

seas the different stimuli. and t hen consider the relative imp ct in 

later analyaia. Further confus:ton, on this di•nsion, was caused by 

television and music being played on the mess decka during the meal. 

It i• deairable to allow the expression of various degrees of response. 

Therefore, the acales are usually divided into five. seven or nine al• 

temativea. Soae individuals will only use the middle and and points 

of a scale, while others (college students) will express some dissat• 

isfaction if they do not have the opportunity to express three levels 

of response to either side of neutral (Osgood. Suci, and Tannenbaum, 

1958). Gamer (1960) shows the amount of information tran1tmitted l•ni• 

foraly increasing as the scale length is extended from four t o 20 

steps. Most of the informa~ion available was extracted with four cat• 

egories (about 0.35 bits). with four times that nwaber of categories 

adding only 0.10 bit. The problem of the number of categories seems 

to be more one of providing a comfortable scale for the subject to 

use, than one of trying to obtain marginally additional informatio • 

A aeven point scale was used for the evaluation of visited envir011• 

•nts • but the scale was reduced to five points for the lides • aince 

it seemed unlikely, in this cue, to expect as many distinctions. 
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It is possible that a significant rating scale may be omitted from 
the seal•• provided. In the questionnaire (Appendix A) used to eval• 
uate slid••• no •ntion was made of the nature of the overhead, yet 
the results uae a variety of other scales to strongly distinguish 
between thoae environaenta with a hung ceiling and those without. 
While omission of an important scale may leave the investigator with 
the problem of interpreting a distinction he has not provided for, 
it is apparent that a topic of significance to the subjects will ap• 
pear as a dimension whether it is provided for explicitly or not. 

In developing a questionnaire, it may be desirable to think of the 
subject as having a burden of information which he feels is impor· 
tant, even though it may be unrelated to the purpose of the research. 
A rating scale inquiring about the • 'whole ship'' and about the 
''food'' was included on the questionnaire to elicit soa of these 
reaponaes. M it turned out, the quality of the food varied auffi• 
ciently over the four day period of the different visits so that no 
consistent differences were found between envir~nta. But elimi• 
nating the scale referring to such an obviously important aspect of 
the messing experience could have resulted in dissatisfaction with 
the evaluation process. Such scales can serve to define intervening 
variables and attach a particular scale to a dimension which would 
otherwise be difficult to identify. 

EvaZuation Prooessea 

Ideally, the stimuli should be presented to each subject separately, 
with the order of the rating scales randomized !or each presentation. 
A step further would be to evoke only one rating scale response on a 
single presentation to mini.Iiiize the interaction between rating scale~ 
where the meaning is close. Unfortunately, these procedures compli• 
cate the preaentation process and are not likely to result in addi• 
tioaal information. It may bed sirable for the subject to become 
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f•iliar vith the order of the rating scalea, ao that be can learn 

to use th• as a vehicle to upreaa what~ feels, rather than working 
through a different queationnaire each tiae. 

Guiding tha aubjecta independently through stimulus pruentations, 

in order to reduce seguential effects !.e probably an unneceaaary ef• 

fort. Three or four diatinct preaentationa would be adequ te to re• 

duce the effect• of a single atrong contrast in one preeentation. An 

analyaia of the reaponaea of the two aub roup• froa Group A to dif• 
ferent preaentation order• of the aaae alidea could help to identify 

order effecta. It ia likely that after the firat few alidea are pre• 

aented, the pouibility of a aequential effect is reduced. 'lbe aub• 

jecta develop a background against which the rating can occur and to 

a011e extent they develop their own • 'definition" of the meaning of 

individual rating acalea. A preaentation of a aet of or all of the 

atiauli before rating probably helps to eatabliah thia background. 

Such a pruentation ia difficult where occupied environaents are to 

be visited. Where effecta do occur it aay be poaaible to diatinguish 

th• in the overall rearA>nae, but not in the asaeaanents of aore ape• 

cific feature• in the environaent. 

Subject interaction ia another probl•• aince even aall sounda and 

aotiona can c~icate general approval or diaapproval by ■o11e ■-­

bera of the viewing or viaiting group. Again, it 1a likely that the 

effect vill influence the overall evaluation, rather than particular 
feature•. To what extent, if any, the opinion developed through 

• •group int•raction • • dif fera from the result• of aore independent 
evaluation• 1a not now known. A future project could explore th£ 

additional variety of reaponaea obtained fr011 one-man presentations 

and whether aucb additional effort would be vorthwile. The aain 

queation ia whether alternate opinion• are aufficiently ahared aa 

to bec011e aeparate dJ.Mnaiona. At the extr••• the aore vocal opin• 

ion• could fora an artificially influ ntial llinority. 
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In exploring alternative uses for the same environment, ·it may be 

difficult to elicit different responses to similar rating scales if 

the scales are prest!llted at the same time. On the evaluation scale 

for the appropriateness of various color schemes for recreation and 

dining, there was soae indication of different responses. But, the 

correlation was sufficiently high as t o make separation of the re• 

sponaes diff icL,lt. Where multiple modes of use are to be assessed 

it may be necessary to evaluate each mode separately, presenting 

the saae set of stimuli and reorienting the assessment process on 

the part of the subjects. 

STANDARDIZATION OF DATA 

Altt,ough raw data could be used to generate the dissimiladties, this 
would lead o unequal weighting of opinion, since those individua s 

who tend to use the ends of the scales would have more weight than 

individuals who tend to be more m derate in expressing themselves. 

The data uy be l'll tandardized to bring the ratings from each individ• 

ual as a whole (across all environments and rating scales) to the 

same mean and standard deviation. Where all of the evaluative scales 

tend to be rated together (indicating little discrimination of their 
separate meaning), it is possible to standardize each individual's 

ratings of an enviroment. This would allow a scale rated ••not 
quite so bad'' or ''not quite so good'' relative to other ratings of 

the saae environment to be more prominent in the analysis. Re ults 

using this approach show a smaller overatt evaluation di.mensio1 but 

have been unable to provide dimensions not present from the regularly 

standardized data. 

There is some problem in considering all the rating scales together. 

An alternative procedure is to bring an individual's ratings of a 

given 1cale (o all environments) t o the same aea1 and standard de• 

viation. This last approach has no t been progra11111ed a yet, but, 
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could be ueeful in reducing the poasible effects of standardizing 
broadly evaluative scales (color: good ••• bad) at the same time as 
mre specific scales (light: little ••• much). One adverse affect of 
this fora of standardizati on would be to equalize the relative im• 
portance of each scale, even though an individual may evaluate some 
scales aoderately and other scales using the extremes. 

More reaear~h is necessary in exploring the implications of alter• 
native schemes of standardization. It does appear, however, that 
using raw data without some accounting for differences in subject 
rating behavior yields solutions with a smaller number of dimensions. 
Apparently those individuals who tend to use the extreme point s of 
the s cale te.rui also to perceive fewer distinct attributes of the 
stimuli. 

ANALYSIS AND INTERPRETATI~ OF MULTIDDO:NSI~AL SCALING 

In any one analysis it .1a necessary to choose the appropriate rating 
seal~• to be analyzed together (each represented by a matrix of inter• 
stimulus dissimilarities), to choose an appropriate number of dimen• 
s1ons (or range of dimensions) in which to do the analysis, and to 
interpret the results. TM investigator is searching for attributes, 
while the mathellatical process of the -:coaputer analysis is seeking to 
aaxillize the variance accounted for given the set of matrices and the 
nulllber of dillensions permitted. While the goals are ideally in har• 
110ny, t here are various ways to maxi.Jaize variance without necessarily 
providing an interpretable solution in every dimension, or revealing 
all of the potential dimensions in the data. The process of sorting 
the rating scales into ••c011patible sets'' &l:ld finding the appropri• 
ate nuaber of dimension• to request for that set is, to some extent, 
trial and error with the initial results providinK a suggestion of 
relation• which will hopefully uerge later in c~earer form. 
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Perhapa the aoet c011111on problem is ••overlapping dimensions••• Here 
two relatively independent sets of scales result in sufficiently aim• 
ilar arrangements of the environments on the dimensions as to inhibit 
the emergence of two dimensions. Figure shows a dimension exhibi• 
ting this problem. In the Figure, the scale on the right is the 
••stimulus dimension•• which shows the relative location of each of 
the atiauli to each other. The length of this axis has no particular 
significance aa the total variance of the stimulus posi ions is con• 
strained to add up to 1.0. As mentioned previously, there are no 
••poaitive•• or ••negative•• connotations to the position of a stim• 
ulua on the axis, as the positions may be reversed end•to•end and 
still adequately represent the ••dissimilarities'' between stimuli 
contained in the rating scale matrices. The ext~t to which the di• 
mension is ••relevant'' to a given rating scale matrix is shown by 
the axis on the left. If a dimension completely reproduces the dis• 
similarities in the rating scale matrix, it will have a weight of 
1.0; but random variations in response will rarely allow a weight over 
0.8 to occur. Weights lower than 0.4 generally represent random vari• 
ation, although exceptions may be justified. 

The interpretation of a dimension depends strongly on the implica• 
tiona of the relevan rating scales . In Figure 3, it is clear that 
owrhead Bia"f aotJB is the dominant rating scale, and seati1'&(1, tab 'Les , 
and oolor BohBmB also contained patallels to this dimension. There 
is n~ necessary connection between seating and the overhead, except 
perhap~ that ships with ■ 0118 improvements (hung ceilings) t nd to 
have others (movable seating). Environments 28, 24, 22, and 26 have 
hung ceilings in good repair with flush fixtures, Environments 30 and 
33 have continuous plastic diffuser ceilings, the rest have ceilings 
in poor repair (27, 29), or exposed piping and ductwork (21, 23, 32, 
25, 31). There is no reason why 31 and 23 should differ with respect 
to the overhead. They do, however, differ with respect to seating, 
since Environment 23 has independent stackable seating and Environ• 
ment 31 baa cantilevered seating. A separate analysis of the seating 
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in Figure 4 shows this distinction in the seating more clearly in 
separating the fixed from the movable seating. 

While the evaluation of the overhead was clearly an important poten· 
tial dimension, it emerged only in the five-dimensional analysis; the 
six•dimensional analysis failed to show it. In the six-dimensional 
analysis the dimension gave greater weight to seating design and the 
tabZe/seating ccrnbination. The overall correlation of the overhead 
surface matrix to the reproduced dissimilarities was 0.90, while the 
six-dimensional analysis provided a correlation of 0.89. Rather than 
having a single large weight of 0.81, the matrix c~ntains two smaller 
weights of 0.56 in a dimension dealing with color scheme, and 0.49 in 
a dimension dealing with seating. This illustrates a second problem, 
in that it is possible to adequately ••reproduce'' a dissimilarities 
matrix as a mixture -:>f two somewhat unrelated dimensions. The iJDpli· 
cation here is that overhead surface will need to be isolated from 
the other rating scales if it is to result in an independent di.men• 
sion. There is some question as to whether the overhead surface 
scale can properly be isolated from the scales dealing with coZor 
scheme, since the evaluations may be linked. On the other hand, they 
may be considered in the context of lighting systems. 

An example of a clear cut dimension is shown in Figure 5, where a 
single rating scale matrix is well reproduced by a dimension with 
the remaining matrices having only a random 1 vel of relevance. The 
scale is perhaps of little interest in the interpretation of the ef• 
fects of the physical enviroment, since it suggests that men visiting 
on board the ships had to wait for their meal (especially on Environ· 
ment 25}. What is of interest here is that the other matrices do not 
contain this dimension; this suggests that the ratings of the envi• 
ronments on the other scales were unaffected by this event. It might 
be possible to suggest some relation to the matrices dealing with 
serving area and atmospheN: friendZy ... unj'rundZy; but this relation 
would be secondary. The positions of the environments other than 25 
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may be difficult to interpret, since the variance accounted for by 
the pos l tion of E11viro11D1ent 25 (at U.716) arnounte to about bO:.t of the 
total ( i ncluding the shift of the mean of the other environments). 
It is likely that the wait was lonKer in 23, and the servicl! was es• 
pecially fast in 27 and 32. When a single environnicnt accounts for 
s much of the variance, the position of the axis is determu1ed by 
approximating the dissimilaritic between that environment and the 
others, rather than the dissimilarltiee of the whole set of environ• 
ments. 

The interpretation of the atimulutt axis in 1''igure !> required some 
comparison of the ratinge of the envirun&11ent11 t determine which end 
of the axis represent a the •'long'• wait and which, the • • ehort' • 
wait. The data presented in Table 1 showa, the rating frequency 
distribution for each environment on the rating scale and is a rough 
indication of the central tendency and variation from thh tendency. 
The •'missed'' column indicates the number of individuals failing to 
check one poaition on the rating scale. It was neceBHary to account 
for miaaing data by computing the. dissimilarities for ·each person 

ENVIRONMENT RATING CATEGORLES COMPUTAT lON 1 a 3 4 5 6 7 MfSSEO MF.AN S. D. ENVR 21 20 8 6 l 0 0 0 3 1.66 0.86 ENVR 22 20 ll 2 0 2 0 0 3 1.66 J.01 ENVR 23 14 8 6 2 1 2 1 4 2.35 1.63 ENVR 24 13 13 2 5 1 0 0 2 2.22 1.29 ENVR 25 3 2 4 3 6 2 9 9 ,, . 69 2.04 ENVR 26 12 10 9 2 3 0 0 2 2 .28 .l.22 ENVR 27 17 5 8 I l 0 1 5 2.03 1.38 ENVR 28 7 6 10 0 5 2 0 H 2 .87 l.54 ENVR 29 7 JO 8 3 5 0 l 4 2.79 1.49 ENVR 30 8 13 3 1 0 0 0 13 .l.88 0.77 ENVR 31 12 7 4 2 0 0 1 12 2.04 1.37 ENVR 32 20 2 1 0 0 0 0 15 1.17 0.48 ENVR 33 11 5 2 2 0 0 0 18 1.15 0.99 

TabZe 1: Frequ11ncy distribution of rati71gs of di[-
ferent snvinmments for the sarviny-wait t1oaZM 
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evaluating both environments of each pair, and then dividing the 
total sum•of•squared•differences uy the number of individuals con• 
ributing. 

In developing selections of rating scales, it is important to includ~ 
a scale or two which are known to relate to the overaLL impressions 
of the space, so that wl·~re this dimension is present in the more spe• 
cialized rating scale matrices, it may be separated in the analysis. 
Where several rating scales seem to be multidimensional, it may be ap• 
propriate to do an analysis with as few as three or four matrices. 
Except in initial exploration, i t is rare that more t han 10 or 15 ra· 
ting scales are useful in a given analysis; th~y either contain far 
too many dimensions, or were not distinguished by the subjects and 
are redundant. Sol4e redundancy, especially where the lack of distinc• 
tion is unexpected, can clarify a dimension and connect ideas not ne• 
cessarily combined in the selection of the rating scales. 

Figure 6 illustrates one such dimension, where the Layout is related 
to tabLe arrangement, crocJding, and tabLe design. While most ships 
do well, an old WWII destroyer type (25) does very poorly, as does a 
more modern destroyer with oversized chair~ (22). Perhaps the most 
interesting distinction is made between two nearly identical ships, 
one with fixed seating (21) and one with moderately sized movable 
seating (23); the movable seating rates much better, suggesting that 
it be used to reduce crowding and to improve layout. Whatever the 
advantages of movable seating, it should be sized appropriately to 
the available spacP.. In the interpretation of this dimension, it is 
necessary to define Layout in the light of the other related terms. 
This leaves open such quest".ons as whether the arrangement of J::nvi• 
ronment 27 with its rows of four man tables separated by six inches 
or so (allowing the gaps to be ignored or used as a social dividing 
line without implied ill feeling) wae rated wel l because of thi s fea• 
ture, or whether it merely provid~d adequate space between seats 
(which were fixed to posts on the floor). Conaents were encouraged 
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on the questionnaires. There were eight favorable co .. nta on Envi• 
romaent 27 which tended to relate to ease of movement to seats and 
to apace once in the seat. One person co .. enta favorably on the 
••four man tables••• These coaaents help , but they do not provide 
strong evidence. 

Thia di~cuaaion suggests that it is difficult to separate the mathe• 
matical analysis from the interpretation ot the results. In the pre• 
liminary scaling, it is likely that a variety of dimensi ons will 
achieve a high relevance to rating scale matrices, although perhaps 
confounded with other scales related only in a mathematical sense. 
The analysis baa emphasized the interpretability of the dimensions; 
the stimulus positions on the dimension are explained by concepts 
related to the rating scale matrices which contain that dimension. 
Under these objectives, it is difficult to assess the significance 
of the results in a statistical sense, and it may be possible that 
some results are due to chance. 

In testing the statistical s gnificance of a scaling solution, Carroll 
and Chang (1970) suggest the use of the ratio betveen variance ac• 
counted for (VAF) and the degrees of freedom ratio (DFR) as follows 

DFR • 
r(n-f11•2) 
nm(m•l)/2 

vhere r is the number of dimensions, • the number of stimuli, and 
n the nuaber of subject,,. The 'Monte Carlo investigation finds that 
a r andom data set will yield a ratio of 5.0 or less. This suggests 
that for mathematical significance the ratio sh'Juld exceed this fig­
ure. Carroll and Chang worked with matrices for each individual ra• 
ther than for each rating scale, so to use this approach it is necea• 
aary to substitute the number of rating scales. g, for n. Unfor• 
tunately. the advantage of increasing the number of subjects to im• 
prove the signtficance of the results is lost here. and in fact the 
use of inter•environaent matrices for each rating scale requires a 
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different aodel. While analyses baaed on matrices for each indivi• 
dual rarely account for more than 30% of the voriance, the analyses 
perfor11ed on ratings ale data often reach 60 t~ qox. At this level 
of VAF, another dimension may account for a small additional percent• 
age, say 5%, and still be accounting for a significant portion of the 
remaining available variance. 

The question of an additional dimension becomes less clear when in• 
terpretation of the results shows that while a small fraction of addi• 
tional variance was accounted for, the interpretability improves be• 
cause a dimension which fol'llerly mixed two concepts has become two 
separate di.Jlenaions with distinguishable physical implications. Ty• 
pically, the discussion of statistical significance has focused on 
whether additional dimension• are justified as accounting for addi• 
tional variance (Kruskal, 1964). Nevertheless, such approaches do 
not locate the axes, and may not provide an appropriate means for 
assessing significance. 

An alternate approach to the question of a dimension's legitimacy 
would be to examine the relevance weights. Aa any dimeneion will be 
partly contained in the ''noise'' associated with each aat~ix, some 
small positive weight for each rating scale and dimension is expected, 
but large weights would be an indication of significance. It is pos• 
sible to do additional Monte Carlo simulations with the generation of 
ratings for enviromaents by individuals, and then to process the ra• 
tings as if they were data. Initial simulations have shown that 
weights tend to concentrate in the 0.2 to 0.4 range with only one in 
360 exceeding 0.50. In solutions of ll&DY di.Jlensions, the higher di• 
mensions tend to have s~aller weights. Although these siaulations 
have used entirely random data, it would be interesting if a certain 
known percentage of the variance could be assigned to one or more of 
the artificially generated dimensions. Presumably, the randm level 
of the relevance weight• would decrease in soae proportion. Hore 
progra-ing is indicated to implement thie exploration; it should 
provide tests of significance suited to rating scale analysis. 
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One strong indicator of having requested an excessive number of di• 
mensions is n K•tive weighu. The relevance weights are only posi• 
tive in the model representing squared terms, but the convergence 
process allows these terms to become rlegative and in e feet subtract 
distance already gener ted by other positive wiKhts. While this 
process lows for more variance to be accounted for, it does not 
have a generally applicable interpretation. The problem is caused 
by not satisfying the triangle inequality and if this inequali ty 
occurs in a low number of diwensions it may be due to underestimates 
of the additive constant necessary to eliminate underestimates of 
diasimilarities between stimuli. While 1D06t metric multidimensional 
scaling requires an estimate of this additive constant, the ~enera• 
tion of dissimilarit1.es using ratin~s tends to overestimate disdmi• 
larities because of random components in ratings. Thus, it is not 
generally necersary to compute the constant. The analyses performed 
using ratings tend to produce residual di.lllensions with no ratiug 
scales having significant relevance weights beforP. added dimen.dions 
result in negative weights. 

CONCLUSION 

This discussion has centered on exploring cite problems of using multi• 
dimensional scaling and in the interpretation of the results. Many 
of the questions associated with interpretation would not arise with 
simpler methods of analysis. With such methods the quantitative re· 
sults would be simpler to understand, but leas iuformative. One of 
the difficulties in exploring methodology is that the technique has 
been used under difficult conditions with stimuli wh1.ch are complex 
and not easily shared with the reader. Future exploration should 
probably be related to 110re abstract stillluli whidl can be shared and 
on which re■earch has already been conducted. The wor of Yowtg and 
Cliff ( hJi) suggests such a set of stimuli (words describ i ng human 
locomotion). In auch a context, it would be possible to demonstrate 
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the benefita of thia typ of scaling by &1.1owing relative efficiency 
in the ue of the aubject•s tiae and a potential increue in the di• 
menaionality of the results. Such an approach, combined with Monte 
Carlo s1 .. 1at1011 • has the potent1.al for providing a fim methodolo• 
gical basis b f ore a rigorous interpretation of data collected under eld Condi tiOllS • 
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III. USING SLIDE VIEWS OF K>DELS TO STUDY INTERIOR FINISH LOBS 

The aelection and application of interior finish colors are important 
deterainants of the viaual quality aboard ship, and aa such, can in• 
fluence the habitability of the shipboard environment. Colors used 
in interior space affect one's aesthetic reactions and can contribute 
to perceptual illusions of apparent size, distance, warmth, coolness, 
weight, and •P c1 usneaa. Also, variation in color schemes from one 
apace to another ithin the ship's confined environment can effec• 
tively help to re.duce the monotony experienced in shipboard living. 
The sameness of interior treatment from one space to another, which 
wu observed u being typical of 11Dst ships, can only exacerbate the 
feelings of monotony experienced by ships• personnel as they repeat 
their day•by•day routines at sea. 

The importance of the relationship between interior color schemes 

and shipboard habitability has been acknowledged in the Navy u 
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evidenced by recent pilot projects involving modernization and hab• 
itability improvement of ship interiors in which the Naval Ship En• 
gineering Center has specified varied schemes which were to be de• 
rived f roa principles of color dynadcs (Cas t le• Saklem aud Weiler• 
1971). While variation iJ schemes may be achieved easily enough, 
thereby aerving to alleviate the monotony of visual stimuli in a 
ship's envirooaent, the proper deteraination of each scheme pres t s 
a far •ore difficult problea. If the color selection and applica• 
tion is to be ased upon principles of color dynaaics, then such 
principle must be defined, understood, and validated in order to be 
a uaeful aid to ship designers. 

PBOBLEM 

The designer would like to be able to specify color applications for 
ships• spaces which are predictive of desired user response and be• 
havior. Color is, after all, a relatively easy factor to manipulate 
in the ahipboard environment, and, at a ainimwa of cost and distur• 
bance, conaiderable effect may be achieved through its proper use. 
At preaent, however, the Ullderstanding ,,e have of the particular ef• 
fects of color in interior space is inadequate to provide a basis 
for such calculated specification. 

Of interea t to the designer are both the perceptual, or illusionary, 
effects of color and the affective, or emotiuaal aspects. If, for 
n :•ple, it were found that certain arrangements of color were capa• 
ble of aignificantly influencing a crew's perception of the size of 
a given apace (a perceptual effect), then the designer would have a 
poaaible •ana to alleviate the feeling of confine•nt cauaed by low 
overheads and other spacial iapinge•nts. If certain attributes of 
colon in cOllbination were found to significantly and conaistently 
influence a crew•• prefer~ce for interior color schemes (an affec• 
tive upect), then principlu of color application could be derived 
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which would be predictive of positive user a.cceptance. If, again, 
certain attributes of colors in combination were found to signifi• 
cantly and consistently influence a crew •s mood associations (an• 
other affective aspect), then principles of color application could 
be derived which could be predictive of desirable emotional states. 

BACKGROUND 

A review of the literature on the perceptual and affective aspects 
of color has been undertaken in connection with this study, and an 
analysis of this material will be included in a forthcoming techni• 
cal report on the subject. 

Most investigati008 in this area have been conducted in laboratory 
settings where specific variables could be studied under controlled 
conditions. While information gained from such experiments may have 
some relevancy to the problem of color application in interior space, 
simple generalizations would not be appropriate. The experiments 
pertaining to the perceptual and affective aspects of color have 
relied mainly upon presentation of relatively small areas of color 
stimuli, usually samples of chromatic papers. Although such proce· 
dures allow the economical testing of a wide range of colors and 
color combinations under controlled conditions, the effect of a color 
on a small area may be quite different from its appearance on a lar• 
ger surface in a room environment where the contextual effects of the 
lighting quality, reflectance&, shadows, texture and form patterns, 
etc., are combined in a synthesis of visual stimuli, and the response 
of the viewer is to the combination of elements rather than iudivi• 
dual factors. 

Few quantitative studies have been made on the effect of color in 
interior spaces. Designers' rulea•of•thWlb for the use of colors 
in interiors are expounded in numerous texts, but the basis for 
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these a sumptions is seld<Jll clear. They are probably the product, 
to one degree or another, of several components: experience, fash• 
ion, coaaon sense, myth, and without question, the personal tastea 
of 11a11y ••color experts••• It would be most valuable, for the pur· 
pose of assessing responses to color in interior spaces, to have data 
at band on reactions to color stimuli from actual or simulated inte· 
rior space. 

User acceptance is, of course, a concern of the designer, and an 
important one. One theory of color application for office 9paces 
advocates the use of colors which are as innocuous and unstimulating 
as possible (Logl!I!, 1963). Only colors to which people respond with 
indifference are considered appropriate, the intent being to avoid 
any distracting influence which might be caused by the color scheme. 
While there might be some merit in adopting this principle for color 
application in shipboard work spaces, the appropriateness of its ap• 
plicaton in •ssing spaces should be tested against general users• 
preferences. The color scheme, as an instrument to relieve monotony 
in the confined shipboard environment, could be used to differentiate 
the messing space from the other basic spaces on the ship in such a 
manner as would encourage use of the space and be appropriate to the 
activities there. 

Indications of preference for, and acceptance of, various degrees of 
stimulation evoked by color applications would be helpful in this 
regard. While studies of affective aspects of color have provided 
useful general guides, the variance in response between different 
groups tested suggests that this information should be used discrim• 
inately. Ideally, one would depend upon data which was ollected 
on subjects directly representative of the users fo, which the de• 
sign waa intended. 

In light of the pr ceding discussion, two cc:apelling reasons for un• 
dertalting an investigation to collect original data for the purpose 
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of this study are apparent: (1) It is de~irable to present color 
stimuli for teati~g in the context of an interior apace-a typical 
ship's messing area, and (2) it would be highly advantageous to have 
data from subjects repesentative of the user group-u.s. Navy en• 
listed personnel. 

EXPERIMENTS 

PNsentation 

In line with the strategy outlined for the project, which calls for 
the exploration of simulated environments as a means for eliciting 
user response to deoign vm:-iables which were either impractical or 
unobtainable in existing real environments, it was decided to simu· 
late a messing apace in scale model form. The purpose of the model 
was to obtain color scheme and pattern variations which were repre• 
aentative of real contextual condit ions. The testing for user re• 
sponaes was conduct~d using slide views taken of the model. 

A model of a typical mesa deck for a ship of Destroyer type was con• 
structed to represent a rectangular space 30 by 22 feet with an 
overhead clearance of 6~ feet. A scale of\ inches to 1 foot was 
selected as the most convenient size with which to work and still 
obtain the degree of detail required for realistic simulation. So 
that i nterior f inish colors could easily be changed, the model was 
conceived as a construction of separate bulkhead, overhead, and deck 
elements which snapped together in varied combinations to illustrate 
different schemes. The model was also fumished with tables and 
chairs, the colors of which could be changed. For the most part, 
colors used on t he surf aces were achieved with chroaatic papers. 
The model wa illuminated by two 500•watt, 3200K, incandescent pho• 

toflood lamp• to simul at e the light distribution of a system of re• 

ceased f uorescent lWlinaires, the interplay of refle t ions and 
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ahaiowa f r011 the various surfaces upon one another influencing the 
appearance of colors in 1111ch the aame way as would be observed in 
actual interiors. 

The presentation slides were taken with a 21 -• f/J.8 lens using 
High Speed Ektachrome type B film. The camera was positioned so as 
to approximate a vantage point at one entrance to the space. The 
slides taken of the model appeared convincingly realistic when pro• 
jected, and coapared well with slides taken of actual ship interiors. 
Because of the high degree of control which was possible in photo· 
graphing the mdel, the slides so obtained were much superior to 
those taken aboard ship• in so far as their use for color testing 
was concerned. 

Pl'Oced.UN 

Three experiments were conducted using slide views of the IIOdel to 
elicit reaponses from the observers. In the first two experiments, 
slides were projected in sets of three by three projectors onto 
three screens placea side by aide. In the third experiment, the 
slides were projected singly. Th observers, all Navy enlisted per• 
sonnel, viewed the slides in a rom darkened to a level which al• 
lowed just enough illwaination to fill in the questionnaires. 

Ezpsl'ilnllnt I. Seven aeta of .three slides each showing different 
brightness arrangements of achrmaatic colors on deck and bulkhead 
surfaces in the same ••sing area were presented. The overhead was 
white and the tables and chairs were a middle gray in all the ar• 
rangeaenta. The observers were informed that the actual sizes of 
all the apace• were the aaae. While each set of slides was pro• 
jected, fifty observer• •elected the acheae that felt ••110at spa• 
cioua•' and the scheme that felt "least spacious". 
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Ezperiment II. Eleven sets of three slides each showing different 

arrangements of color and pattern on deck, bulkhead, partition, 

table and chair surfaces in the same messing area were presented. 

The overhead was white in all arrangements except one. Each eet 

of three slides illustrated variations on the same dominant color 

scheme, the variations representing a relatively low, mediwa, and 

high presentation of chroma, hue contrast, brightness contraat, 

and/or pattern. While each set of slides was projected, fif t y•one 

observers selected the scheme that they ''liked most'' and the 

cheme that they '' liked least' '. 

Ezpezeiment III. Sixteen slides ~elected from among those used in 

the preceding experiment were presented singly, first in rapid se• 

quence to acquaint the observers with 

again allowing time to rate each one. 

t,"! range of schemes, and then 

Nineteen observers rated each 

scheme in four categories on a five•point scale: from "like" to 

''dislike'', from ••stimulating'' to ''unstimulating'', from ••ap• 

propriate for dining'' to ''inappropriate for dining'', and from 

''appropriate for recreation'' to ''inappropriate for recreation••~ 

RESULTS 

Specific results of these experiments which m.ay be of value to ship 

designers will be in the Technical Report to follow. Of interest 

here is the description and interpretation of the results in general 

terms which aerve to indicate the potential of using slide view9 of 

a scale 110del to study interior finish colors. 

In the literature dealing with perceptual aspects of color, there 

is s011e agreement that the brightness attribute is most responsible 

for illusions of distance and space. On the strength of this, the 

approach chosen for the first experiment employed achromatic color 

schemes, thereby isolating brightness (also called luminance) from 

the other attributes of color, hue, and ,.:hroma. 
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A total of eleven different arrangement s of color were used in com• 

prising the seven sets of three slides each. In each of the sets 

the brightness of either the deck or the bulkheads was varied in 

each of the three slides, while all other surface brigh oesses were 

held constant. Three shades of gray were used to achieve high, me• 

diwa, and lov relative brightness values of the variable surface in 

each set• and of tbe constant surfaces between sets. Thu1:1 • in each 

set, the observers were required to make a judgment as to which 

scheme felt "110• t spacious•• and ••least spacious•• fr0111 a presen• 

tation of three slides side•by•side in w lich either the deck was 

the s•e brightness value in each while the bulkheads were of high 

brightness value in one, mediua in another, and low relative bright• 

ness in the third, or vice•versa. In one set, only a aingle accent 

bulkhead located directly opposite the observer was varied. 

The results (Table 2) show a high degree of am>i~uity whid1 may in• 

dicate that observers had difficulty in mak.:f.ng clea:- diecinctions 

between the variable brightness values. Verbal comments made by 

some of the observers while being tested tend to substantiate this. 

The experillent could be simplified by eliminating the medium bright• 

ueas value entirely, and presenting only two slides at a time. It 

would be interesting to see if the ambiguity persisted with such 

polarized choices. It would also be of value to repeat the experi• 

ment with the same observers after a period of time as a check on 

the data. 

Because of the ambiguity mentioned, the results of the first experi• 

ment aust be regarded u generally inconclusive although they pro• 

duced saae indication that the brightness of the deck surfaces is 

related to the perception of spaciousness; the brighter decks posi• 

tively influencing thP. feeling of spaciousness. 

The second experiment was designed to determine whether there was 

consistency in the relationship between preference and the degree 



Ta,1,Q 2: lnariu1r of obsel'IJeN who Judged achranatio 
ootoF soh ... ,u of a simul.at.ed ship's messing area "nl?at spacious n 
and nLBaBt spaaious n in oomparison sets of three, wheN the bright-
nsss of •ith•r cuok or bulkheads was varied. 

Deck Bulkheads 
relative relative most least % reflection brightness % reflection brightnesq spacious spacious 

52 high 57 high 'W 11 
52 high 34 med. 1 '..} 8 
52 high 18 low 19 29 

49 48 

28 med. 57 high 17 19 
28 med. 34 med. 11 8 28 med. 18 low 21 21 

49 48 

14 low 57 high 24 12 
14 low 34 med. 11 13 
14 low 18 low 14 22 

49 47 

52 high 57 high 18 5 28 med. 57 high 20 12 
14 low 57 high 11 31 

49 48 

52 high med. 19 8 
28 med. 34 med. 20 9 
14 low 34 med. 9 31 

48 48 

52 high 18 low 27 13 
28 med. 18 low 13 10 
14 low 18 low 10 26 

50 49 

52 high 34,57 high 15 26 
52 high 34 ,34 med 20 7 
52 high 34, 18 low 15 6 

50 49 

Overhead was white (85% reflectance), tables and chairs were medium 
gray (34% reflectance), and lighting was constant in all cases. 



___ , _______ _ 

of chroaa, hue contraat, brightness contraID t, and pattern of a col• 
or scheme. If a significant consistency were determined, this would 
provide a baais for the fomulation of principles pertaining to these 
attributes which could be predictive of user preference. It is im• 
portant to note here that, to be an effective aid to the designer, 
such principles need to be applicable to any choice of dollinant col• 
or scheme rather than being determinants of that choice. 

Eleven sets of three slides each were used in the experiment. In 
each of the sets, three degrees of the aforementioned attributes 
were presented 11& variations on a particular dominant color scheme. 
As the observers viewed the variations side•by•side in each set, 
they judged which scheme they ••liked most'' and which scheme they 
••liked least''. 

The results (Table 3) show that in nine sets of the eleven shown, 
there was a preference for the schemes composed of relatively high 
chr0111&, hue contrast, brightness contrast, and pattern. Munsell 
notations of the colors used in each scheme are listed in Table 4. 
Although the number of schemes presented was too lim1ted to conclude 
that this represents a significant consistency, there is, neverthe• 
less, a strong indication that there may indeed be a basis from which 
principles of color selection and application may eventually be de• 
rived. 

~sults of the third experiment, where 16 different schemes were 
rated on preference, stimulation, appropriateness for dining and 
appropriateness for recreation, are shown in Table 5. Each of the 
observers was given the same weight in determining the results 
through a normalization process which gave each person's data the 
same mean and standard deviation. The results were accumulated on 
the basis of how different the ratings were on a given rating scale 
for each pair of stimuli. The four sets of differences were then 
jointly analyzed in the multidimensional scaling program (see 
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Tal:il,e 3: Nunber of obse:rvere who judged d&:romatio 
ocitor schemes of a simu.1..ated ship's massing aJ'Sa "most Uked" and 
"Zeaat Ziked" in comparison sets of thNe, whs:re hue oontrOBt, 
brightnBSB oontrast, d&roma, and pattem of surfacu were varied. 

relative hue contras t 
brightness contras t 

s cheme chroma or pattern mos t liked least liked 

1-H high 35 5 
1- med. 15 1 
1-L low 1 45 

2-H high 29 11 
2-M med. 13 9 
2-L low 9 31 

3-H high 18 31 
3-M med. 25 3 
3-L low 8 17 

4-H high 27 17 
4-M med. 12 7 
4-L low 12 27 

5•H high 36 6 
5-M med. 13 0 
5-L low 2 45 

6-H high 23 15 
6·M med. 19 4 
6-L low 9 32 

7-H high 24 16 
7-M med. 22 6 
7-L low 5 29 

8-H high 11 17 
8-M med. 5 25 
8-L low 35 9 

9-H high 34 7 
9-M med. 12 9 
9-L low 5 35 

10-H high 38 0 
10-M med. 12 16 
10-L low 1 35 

11-H high 34 9 
11-M med. 8 2 
11-1 low 9 40 



Td:JZB 4: MunseZZ notations of ooZor sohemes used in tests. H • hue> V • uaZue (brightness)~ C "" ohroma. 
scheme high {H) medium {M) low {L) 

H V C H V C H V C 1- deck 2.5Y 9 2 2.5Y 9 2 2.5Y 9 2 
bulkhead 10YR 8 10 10YR 8 10 10YR 9 6 
bulkhead 2,5Y 5 6 10YR 8 10 10YR 9 6 
partition 2,5PB 4 10 2.5Y 5 6 7 .5YR 8 6 
tables 5YR 7 12 5G 6 2 5G 6 2 
ch irs 2.5YR 4 6 2.5YR 4 6 7.5YR 8 6 2- deck 10B 5 10 10B 5 10 10B 5 10 
bulkhead 10YR 8 2 10YR 8 2 10YR 8 2 
bulkhead 2.5YR 5 12 10YR 8 2 10YR 8 2 
partition 10B 3 8 10B 3 8 10YR 8 2 
tables dark wood-grain dark wood-grain dark wood -grain 
chairs N 0 0 2,5YR 4 6 7.5YR 8 6 3- deck 2.5YR 5 12 2.5YR 5 12 2.5YR 5 12 
bulkheads 5Y 9 2 10YR 8 2 10YR 8 2 
partition SY 6 4 5Y 6 4 10YR 8 2 
tables 10B 3 8 5YR 6 6 5YR 6 6 
chairs N 0 0 2.5YR 4 6 2.5YR 4 6 4- deck 5Y 6 4 SY 6 4 5Y 6 4 
bulkhead SY 9 2 5Y 9 2 SY 9 2 
bullchead 5RP 5 10 SY 9 2 5Y 9 2 
partition dark wood •grain 5G 6 2 SY 9 2 
tables 7,5Y 7 4 7.5Y 7 4 7.5Y 7 4 
chairs 2.5YR 4 6 2,5YR 4 6 2,5YR 4 6 5- deck 5Y 6 4 5Y 6 4 5Y 6 4 
bkhd , panel 2,5Y 9 2 2,5Y 9 2 2. 5Y 9 2 
bkhd, panel 7.5Y 7 4 7.5Y 5 6 2.5Y 9 2 
tables 7,5Y 7 4 7.5Y 7 4 7.5Y 7 4 
chairs 2,5YR 4 6 2.5YR 4 6 2,5YR 4 6 6- deck 10B 5 10 10B 5 10 10B 5 10 
ulkheads dark wood-grain light wood-grain 2.5Y 9 2 

tables dark wood•grain dark wood•grain dark wood-grain chairs N 0 0 N 0 0 N 0 0 



Td,u, 4: oonti ued 

sch me high (H) medium (M) low (L) 

H V C H V C H V C 

7- deck lOB 5 10 10B 5 10 10B 5 10 bulkheads 2.5Y 9 2 2.5Y 9 2 2.5Y 9 2 tabl~s dark wood-grain dark wood-grain dark wood-grain chairs N 0 0 N 0 0 N 0 0 

8- deck 10B 5 10 10B 5 10 10B 5 10 bulkheads 2.5Y 9 2 2.5Y 9 2 2.5Y 9 2 ables dark wood-grain dark wood-grain dark wood-grain chairs N 0 0 N 0 0 N 0 0 

9- deck 10B 5 10 10B 5 10 10B 5 10 
bulkhead 2 . 5Y 9 2 2.5Y 9 2 2.5Y 9 2 bulkhead graphic dark wood-grain 2.5Y 9 2 tables dark wood-grain dark wood-grain dark wood-grain chairs N 0 0 N 0 0 N 0 0 

10- deck 10B 5 10 10B 5 10 10B 5 10 bulkheads 2.5Y 9 2 2.5Y 9 2 2.5Y 9 2 
partition framed pictures murals dark wood-grain 
tables dark wood-grain dark wood-grain dark wood-grain chairs N 0 0 N 0 0 N 0 0 

11- deck 10B 5 10 10B 5 10 10B 5 10 bulkhead graphic graphic 2.5Y 9 2 
bulkhead graphic 2.5Y 9 2 2.5Y 9 2 
partition graphic graphic 
tables dark wood-grain dark wood-grain dark wood-grain 
chairs N 0 0 N 0 0 N 0 0 

cool (G) warm (W) 

H V C H V C 

12- deck 10B 5 10 2.5YR 5 12 
bulkheads 5PB 6 6 5YR 6 6 
tables dark wood-grain dark wood-grain 
chairs N 0 0 N 0 0 



Td,u, 5: llnnonnati.aed subanaZysiB of the degNe of 
pNfeN11Ct11 stinniZ.ation1 appr-opriatensss for dining1 and appropriate-
nsss for 1"8creation of 16 ooZor schemes. 

PREFERENCE FREQUENCY BY RATINGS 

1 2 3 4 5 Average S. D. 

Scheme 6-M 9 9 l 0 0 1.579 .591 
Scheme 6•H 9 . 5 3 2 0 l .895 1.021 
Scheme 6-L 5 10 4 0 0 1.947 .686 
Scheme 11 ·H 8 5 2 2 2 2.211 1. 360 
Scheme 2-L 2 9 8 0 0 2.316 .653 
Scheme 9-H 2 8 5 4 0 2.579 .936 
Scheme 10-M 2 8 6 2 1 2.579 .990 
Scheme 12-w 0 6 8 4 1 3.000 .858 
Scheme 2-M 1 0 15 2 1 3. 105 . 718 
Scheme 3-H 0 2 10 6 1 3.316 • 729 
Scheme 1 ·H 0 5 5 6 3 3.368 1.037 
Scheme 5•M 0 2 8 7 2 3.474 .819 
Scheme 3-L 0 3 6 6 4 3.579 .990 
Scheme 8-H 0 2 5 8 4 3.737 .909 
Scheme 1-M 0 2 5 7 5 3.789 . 950 
Scheme 1-L 0 0 2 5 12 4.526 .678 

STIMULATION FREQUENCY BY RATINGS 

1 2 3 4 5 Average S.D. 

Scheme 6-M 6 9 4 0 0 1.895 . 718 
Scheme 6-H . 8 6 4 1 0 1. 895 .912 
Scheme 6-L 4 11 4 0 0 2.000 .649 
Scheme 11•H 2 9 4 4 0 2.053 1.234 
Scheme 2-L 1 9 8 1 0 2.474 .678 
Scheme 9-H 2 9 14 1 1 2.526 .939 
Scheme 10-M 1 2 14 1 1 2.947 .759 
Scheme 3-H 0 2 14 3 0 3.053 .510 
Scheme 2-M 0 1 13 4 1 3.263 .636 
Scheme 12-w 1 2 8 7 1 3.263 .909 
Scheme l·H 0 4 8 5 2 3.263 .909 
Scheme 5-M 0 4 7 6 2 3.316 .921 
Scheme 3-L 0 4 5 6 4 3.526 1.045 
Scheme 8•H 0 2 6 7 4 3.684 . 921 
Scheme l·M 0 l 6 8 4 3. 789 .832 
Scheme l ·L 0 1 0 6 12 4.526 .752 



Tcl>le 5: oontinusd 

APPROPllATENESS 
FOR DINING FREQUENCY BY RATINGS 

1 2 3 4 5 Average S. D. 

Scheme 6•M 10 9 0 0 0 1.474 .499 Scheme 6•H 7 6 5 0 1 2.053 1.050 Scheme 6-L 3 11 5 0 0 2. 105 .640 Scheme 2-L 4 8 5 1 1 2.316 1.029 
Scheme 10-M 1 8 10 0 0 2.474 . 595 Scheme 11-H 7 3 1 6 2 2.632 1. 494 Scheme 9-H 2 4 8 3 2 2.947 1.099 Scheme 2·M 0 4 9 5 1 3.158 .812 Scheme 12-w 0 3 11 3 2 3.211 .832 
Scheme 3-H 0 3 9 6 1 3.263 .784 
Scheme 1-H 1 3 8 4 3 3.263 1.068 
Scheme 3-L 0 5 8 1 5 3.316 1.126 
Scheme 5-M 0 3 8 6 2 3.368 .871 
Scheme 8-H 0 3 8 4 4 3.474 . 993 
Scheme 1-M 0 1 10 3 5 3.632 . 930 
Scheme 1 ·L 0 1 2 4 12 4.421 .878 

APPROPRIATENESS 
FOR RECREATION FREQUENCY OF RATINGS 

1 2 3 4 5 Average S. D. 

Scheme 6·M 9 5 2 2 1 2.000 1.214 
Scheme 11 •H 8 8 0 1 2 2.000 1.257 
Scheme 6-}{ 5 8 4 1 1 2.211 1.055 
Scheme 6-L 3 9 5 1 1 2.368 .985 
Scheme 2-L 3 7 7 1 1 2.474 .993 
Scheme 9-H 1 8 5 3 2 2.842 1.089 
Scheme 10-M 0 6 9 3 1 2.947 .825 
Scheme 12-w 1 5 9 2 2 2.947 .999 
Scheme 2·M 0 6 9 2 2 3.000 . 918 
Scheme 1-H 1 3 9 3 3 3.211 1.055 
Scheme 5•M 0 4 7 7 1 3.263 .849 
Scheme 3-H 1 2 8 7 1 3.263 . 909 
Scheme l·M 0 3 8 4 4 3.474 .993 
Scheme 3·L 0 4 5 5 5 3.579 1.091 
Scheme 8-H 0 2 5 6 6 3.842 . 987 
Scheme 1 ·L 0 0 2 5 12 4. 526 .678 



Chapter II). A two•dimensional .solution proved adequate to giv a 
0.96 correlation with the data. 

Figure 7 shows the information relating to the first dimension indi• 
cating the location of the schemes on the stimulus axis to the right, 
and the relevance of the different rating scales to that dimension 
on the axis to the left. The relevance axis shows that all of the 
rating scales were related to the dimension, but that some of the 
responses to •'appropriateness for dining'' were not contained in 
the dimension. The spread of stimuli on the stimulus axis indicates 
that no one color scheme evoked an extreme response, and that the 
schemes provided for a range of quality. 

Figure 8 shows the saae kind of information for the second dimension. 
The two dimensions are correlated indicating that the two types of 
judgment are siailar. The main difference appears to be in the shift 
of ll•H and, to a lesser extent, 6•li, to a less desirable position. 
In this dimension the response relates to the appropriateness for 
dining. 

That all of the rating scales were strongly related to a single di• 
mension in Figure 7 indicates that ••stimulating•• was thought to be 
both desirable and appropriate. The second dimension interjects a 
note of caution, suggesting that the scheme with the extreme applica• 
tion of super-graphics, including high chroma and contrast { 11 •H), 
is not appropriate f~r dining, and that the darker wood•grain scheme 
{6-H) is somewhat less appropriate than was perceived in the first 
dimension. The other schemes received similar ratings on the two 
dimensions. In this analysis, the two dimensions appear to repre• 
sent two different points of view in the same set of stimuli, with 
the second dimension representing, perhaps, the more conservative 
individuals. 
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---------

The Mau of preaentiog color stimuli in these experiments through 
the use of projected slide images of simulated, scaled interior space 
has proven advantageous in terms of convenience~ economy, and control. 
The validity of this approach for acquiring user reactions to percep• 
tual and affective aspects of color in interior space will need to be 
ascertained by an additional experiment. This experiaent would, by 
eliciting 1·eaponses to both real and simulated environments having 
identical color schemes , allow for a comparison of results. A high 
correlation of the data would support the validity of using simulated 
environments in this way as a means of determining user responses to 
a grettter variety of enviroruaents than would otherwise be possible. 
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IV. THE INPUT OF DESIGN FOR MULTI-PURPOSE USE OF SPACE 

A ship's messing area can be regarded as more than just a space in 
which meals are served and consumed. It can be defined as a social 
space where crew members can change roles and moods from those that 
occupy them while on duty at their stations or work areas. Among 
the many territories aboard ship, the messing area is a commons, of 
a sort, where crew members belonging to different living or working 
groups can meet and socialize, Because of the rest ·iction on space 
available for recreational activity, especially typical of Destroyer 
type ships where encroachment of arma.ments and navigation and pro• 
pulsion equipment has occurred, multi-purpose use of the messing 
areas is almost a necessity, It is really the only space of suffi• 
cient capacity and availability to accomodate a sizeable portion of 
the crew, The quality and flexibility of the design which permits 
and encourages recreational use of the messin~ .., . • ,., 'letween meal 
servings is the object of concern in this stud) 

Preceding page blank 
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THE FUNCTIONS OF MULTI•K>DE FURNITURE 

Furniture that can be altered from one configuration to another in 

order to facilitate different uses of a space i s considered to be 

multi"'lllode furniture. There may or may not be a mechanism involved 

in converting t e furniture from one mode to another. Such furni• 

ture could be designed that would allow multi•purpose use of the 

mess decks, and thereby increase t!le utility of these spaces. 

All concepts for the furnishing of the messing area must consider 

the dining function as primary, and include it as one of the modes. 
The alternate functions of the furniture can be based on the accom• 

modation of people for the purpose of engaging in any number of 

possible activities which would be approptiate for the space, or 

which simply have to be facilitated somewhere aboard ship, the 

messing area being the most convenient or available space. Use of 

the mf'!ssing area for showing movies is a11 example of the latter con• 

dition: although the restrictions of deck space and low overhead 

clearance certainly limit s,,itability of the space for use as a 

theater, it is still the largest space available in whic a large 

number of people can be accommodated for this purpose. 

The alternhte ~se of the messing area for cinema is widespread and 
merits special attention by ship designers. 1-k>vies provide a needed 

''escape'' from the reality of shipboard confinement that can be en• 

joyed by many people at once. Accommodations for comfortable viewing 

by a sizeable porti on of the crew were markedly inadequate aboard the 
ships observed in conjunction with this study. Multi•mode furniture 

that could convert from dining accoDDodations into a comfortable ar· 
rangement with increased capacity for cinema viewing would be highly 

desirable. 

Table surfaces necessary for dining may also be suitable for such 

activities as card games and writing, although this could obstruct 
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space for other activities. Tables for two, four, or six persons; 
square ones. round ones; tables for ping•pong, tables that fold away, 
seats that move and change direction, modules that form groups and 
patterns-these are some of the ideas that can be considered in de• 
signing multi•mode furniture. Arrangements which include or allow 
for a variety of accommodations have built-in flexibility and a ca• 
pab i lity to satisfy individual preferences. There are a multitude 
of recreational and educational activities which could be facili• 
tated by particular arrangements of seating, table, or clear space, 
and these could have considerable impact on enhancing the social 
conditions aboard any given ship. 

CONCEPTS 

Six concepts of multi•mode furniture for Destroyer messing areas have 
been advanced. At this preliminary stage, they illustrate only de• 
sign directions to he explored, considered, and compared. The con• 
cepts were developed in mock-up form so as o allow initial dimen· 
sional and operational assessments to be made. A two-dimensional 
scale model of a typical messing plan has een used to demonstrate 
the effects of each furniture concept upon the organization of the 
space, clearances, traffic flow, visual o structions, and capacity 
for seating under alternate uses. For this purpose, a technique 
using magnetized interior profile comp<1nents was employed. One con· 
cept is a modular approach to the dinin8 function which offers an 
interesting variety of arrangements for the organization of the to·• 
tal space, while others are directed specifically to the problem of 
tonvert ing from the dining function to an arrangement suitable for 
cinema. 

PERFORMANCE CRITERIA 

Performanc ~ criteria were outlin d in a ~eneral w11y to establbh 
direction fu ,., the desib"ll, as well as to provide a basis for the 

83 



evaluation of the concepts at this stage. These performance criteria 
CQI\ later be translated into specifications which indicate specific 
design requireaents. 

Pel'fomanoe Cntena Outline fol' Mu1,ti-Mods Pumiture 

Aooc,,,nodation. Seating for dining should take into consideration the anthrop011etric requirements affecting table height, length and width; seat angle, height, breadth and depth; back angle, height, and lumbar support; knee and foot clearance; freed011 ~~0111 obstructions, and ease of access and movement for ingress and egress. Seating for cinema 
and recreatio~41 ac~ivity should provide comfort for extended periods. Orientation oic the seating with respect to the ship should facilitate body stability under conditions of ship's motion. Seating capacity of the space should be maximized in both modes. 

Operotion The number and sequences of conversion operations in• 
volved should be minimized. The operation to change modes should be simple and obvious, requiring little or no training. The physical 
exertion demanded for operation should not impose difficulty. The 
number of reople needed to perform the operation should be considered. 

Appeal'anoe. A congeni al and inviting ambience should be conveyed by 
the installation. Effects of simplicity versus clutter should be 
controlled so as to result in a condition of visual harmony. The 
potential for achieving variety and change of appearance will allow users to manipulate the visual environment as a means of expression and a way of relieving monotony. Daage or deterioration of inte· rior finishings and furnishings will affect the apearance of the 
space, and should be avoided. 

Structia-e. Stability of the basic structural concept must ensure 
safety and performance under extreme conditions of use. The strength to weight consideration and the load-bearing capability should be 
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high. The dynamic loads caused by sitting on chair backs and tables, 
impacts from careless operation, or bumpin~ by people or equipment 
thrown off balance by the ship's motion, mustbe withstood. The 
simplicity of the basic concept will affect the cost of manufacture 
and the ease of installation and removal. 

Mechanisms. The durability of the mechanisms i~ withstanding the 
dynamic loads caused by the motion and vibration of t he ship as well 
as the use and misuse by personnel in operating the units is very 
important. The susceptibility to wear apd tear ci1at will reduce per• 
formance or make the unit inoperational 1111st be minimized. Simpli• 
city of design, in so far as the operation and the number of moving 
parts is concerned, can affect reliability. The latching or locking 
re uirements should be considered together with other elements which 
my be regarded as safety factors. The mechanisms should be as fail• 
safe as possible. 

Materia1,s. Strength to weight considerations of the materials may 
be critical in satisfying user requirements for physical operatiQ..n 

• -of the units, while- meeting stability and durability requirements of 
the structure. Resistance to damage from salt water, lubricants, 
cleaning agents, food stuffs, abrasion, puncture, and other abuse 
should be considered. Appearance relates to color and texture of 
the materials, the way they are combined, and the manner in which 
they maintain their quality under use. The flammability of the ma• 
terials should meet safety requirements. The cost and availability 
of the materials should be considered . 

Maintainabi"Lity. The units should be maintainable by ship's person• 
nel and on•board tools and equipment. The frequency of maintenance 
and adjustment should be minimized, as should the extent and magni• 
tude of the maintenance actions. The consequences of the lack of, 
or faulty, regular preventative maintenance (such as adjustment, lu• 
brication, etc.) should be examined. Ease of maintenance is facilitated 
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by visual and 11&nual access for periodical preventative servicing, 
repair, and replacement of components. 'fhe expected life of the 
unit aboard ahip should be estimated. If there is a requirement 
for special tools, spare parts , or repair materials, they should be 
enumerated, and space requirements established for their stowage. 
The ease of changing appearance by repainting, recovering, reuphol• 
stering, etc., should be considered. 

Cleaning. Cleaning should be adequately accomplished by con·ventional 
on•board means, materials, and personnel. The ease of cleaning the 
deck in different modes of furniture arrangement should be considered. 
The sanitary requirements of food service may impose a particular 
need for cleaning after conversion of a table top from a position 
where it was in contact with the deck, or with other exposed surfaces. 

Hasards and safety. The factor of ship' s motion makes any movable 
object wh1, h is not securely fixed 4 potential hazard. Considerable 
forces result from the ship's maneuvering which can cause furniture 
to be thrown dangerously aro·und t he messing area. Mechanical hazards 
involve the danger inherent in the operatio~ of the mechanism to fin• 
gers, etc., while failure of locks, l atched, or supports would have 
additional consequences. Structural design hazards are presented by 
insufficient clearances , sharp edges and comers, or failure modes 
which 1may cause injury . Sanitary hazards involve the potential for 
contamination of food. & t eri al hazards concern factors of fire, 
toxicity, electric shock, and cutting or splintering. 

EVALUATION 

A preliminary evaluation of each of the six concepts has been made 
using the Performance Criteria Outline as a guide. Each concept 
was illustrated in two ways: fi,st, by a sequence of three photo• 
graphs showing the 11ock•u.p i the dining mode, cinema viewing mode, 
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and operation11l between modes; secondly, by two additional photo• 
graphs of the tuo•dimenaional model, showing the effects of the 
concept on the sp ce layout, clearances, sight lines, capacity, and 
traffic f l ow. By referring to these illustrati ons, the strengths 
and weaknesses of each concept were noted in an evaluation by mem• 
hers of the project tem. A siailar evaluation by Navy personnel, 
including Navy habitability experts, will provide an additional ba• 
sis for proceeding in a specific direction from this point. 

A complete presentation of all six concepts and of their evaluation 
will be included in a Technical Report to be issued. The following 
illustrations are an exa11ple of one of the concept presentations 
together with an evaluation by t~e project team, and their recom• 
mendations concerning further development of the concept. 

Eval,uation of Concept l 

Accor,rnodation. Foot clearances are good except from behind in the 
seating mode. Incre,Hing the rotation slight ly beyond 90 degr ees 
would provide a little more foot clearance from behind, and would 
result in a better seat angle. The structure prevents knees and 
shins from extending more than twelve inches und r the table while 
dining. Movable chairs facilitate ease of acce s. The unit can be 
made in different lengths to acconaodate either four or six persons 
for dining. 

Operation. Operation is by one person. Upon releasing the latches, 
the unit can be changed from table to seating mode in a single mo• 
tion. Returning to the table mode may be accomplished by rotating 
the unit up until the latches engage. The weight of the unit 11R1St 
be minimized for this lifting operation. 

Appearance. Since the table is converted to become seating, there 
ren:-• no extra components to visually clutter the space when the 
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messing area is arranged for cinema, The simplicity of the unit's 

configuration will be aesthetically pleasing. When chairs are 

stacked and secured for imaobil ity while underway, the appearance 

of the space may be somewhat barren and uninviting. 

St:ructll1'6. The supports must be securely attached to the deck in 

order to stabilize the unit. The concept is dependent upon an even 

deck surface for stability in the seating mode. Strength of the 

table top and seat must be achieved with low weight to provide for 

ease of operation. 

Mechanisms. The hinges must withstand considerable lateral and shear 

loading. The latches must secure the table in horizontal position 

and resist loads caused by persons sitting or leaning on the table 

surface. The hinge would be relatively fail•safe. 

Materia'ls. If the seating surfaces which are under ~e table in the 

dining mode, are to be upholstered, they may be v lnerable to some 

scuffing, chewing gum, etc. Stainless steel could be used on exposed 

surfaces. 

Mainta.inability. The unit would require little regular maintenance. 

Upholstered seat and back components could be designed to snap in 

and out for ease of recovering or replacement of upholstery cush• 

ioning. 

Cleaning. The table surface and edge should be wiped clean after 

use in the seating mode, since it will have been in contact with the 

deck. Cleaning of the deck is facilitated by this design which has 

minimal surface contact with the deck in the table mode. 

HaJJards and safety. While underway in a heavy sea or subjected to 

sudden forces resulting from the maneuvering of the ship, chairs that 
! 
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are left unoccupied or unsecured beco• a severe safety hazard. 
Sharp corners should be eliminated. If not restrained, the table 
edge could swing down and injure a person•s foot. Location of the 
latch release should be studied fr011 the standpoint of operational 
safety. 
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Concept 1
Multi-mode Funiiture

Figure 11a

Figure lib

Figure 11a
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---------------

V. DIFFERENCES IN RATING OF SHIPS BETWEEN VlSITORS AND CREW 

NEED FOR A PARALLEL STUDY 

Thia portion of the study was intended, among other things, to per• 
form a ch 0 cking function. The environmental eva uation was devel• 
oped as a tool for comparative assessment of different messing areas 
and as a method of asseaeing crew perceptione with respect to habita• 
bility. The groups used to evaluate the various ships studied, how• 
ever, w~re not present users and therefore could not be considered 
''ere''• 'o test the uethodology for evaluating shipboard environ• 
ments, these non•user groups were adequate, but the opportunity was 
taken to see if actual crew stationed on board differed in their ra• 
tings. Anoth,er objective of the study was to develop examples of 
design guide criteria for shipboard messing facilities. In this case, 
it was necessary to asce~tain if data from non-users would be reason~ 
ably reliable. 

Preceding page blank 
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A major portion of the study and the only portion involving visiting 
and rating ships in pers~n was carried out with Group B (38 volun• 
teers from the Naval Training Station in San Diego) r esulting in the 
largest data input into the study. Group B can best be de cribed as 
potential future users. Most of them had no experience on board ship. 
They were all young, fairly recent recruite , many of whom were anti• 
cipating duty stations on board ships s imilar to those visited. In 
fact, many of this group volunteered 1n order to see the ships and 
make up their minds as t ,, which type to select for future duty. The 
following questions were raised in connection with Group B: 

1. Would the ratings of the environments be realistic, given the 
group's lack of experience in living on board ship for long periods? 
Would ••one•shot•• experiencing of the environments b inadequate, 
or ~nuld the issues addressed be as important to these visitors as 
the re to crew? 

2. Would visitors• ratings of design and layout be influenced by 
lack of knowledge of how the environments perform under use in more 
extreme conditions, such as in high seas, at times of stress, in com• 
bat, etc.? 

3. Would the act that aany of the inexperienced group members were 
looking over the ships to decide what duty stations to request, ef• 
feet results? In a strange environment, might they t nd to prefer 
features that were familiar or reminiscent of home, but not neces• 
sarily functional and can this distinction actually be made? 

To check what, if any, differences exist~d, it was decided to run a 
parallel set of environmental evaluations, using crew members sta• 
tioned on board the ship. T ie results of the two sets of data could 
then be c011pared. 
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ORGANIZATION OF THE PARALLEL STUDY 

The time allotted to this part of the s~udy was very sma 1. thus an 

economical procedure was necessary. Group B evaluation praced · es 
took place over a three week period. As explained earlier in this 

repo\ t• the total group of 38 was divided into four sub•groups of 

approximately ten members each, who visited the ships together. Each 
group visited one ship a day for five days in the firs t week and four 

days each week thereafter. These visits took place in the late after• 

noon. The volunteers would assemble at the Naval Training Station to 

pick up their evaluation forms and find out which ship they were to 
visit, and then take the bus provided (some drove their own cars) out 

to the pier. On board ship the members of Group Bate the evening 

meal in the messing facility. and then filled out the evaluation forms. 

During the day, over the three week period• the ships were visited by 

members of the ~esearch team, at which time photographs and physical 

measurements were taken. The parallel study tied in with this sche• 

dule. The strategy chosen was to visit the ships at this time to 

take an available sample of from 15 to 20 of the crew, chosen from a 
variety of work stations, and to have them fill in t he environmental 

evaluation forms, a short questionnaire on organizational climate, 
and a questionnaire on women in the Navy. While the evaluations and 

questionnaires were being filled in, different members of the r esearch 

team would interview crew, CPOs, and officers to check data on the 

organizational climate, as well as to enquire about detail s of the 

physical environment when in use during cruises. 

QUESTIONS AS TO VALIDITY OF EVALUATION BY CREW 

Several questions arose as to the validity of responses we might ob• 

tain from the crew: 
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1. Since the crew were only evaluating their own ship, would they 
have a sufficient idea of the alternatives available to make the re• sults comparable from ship to ship? 

2. Would attitudes toward the Navy affect responses? For example, 
would those who did not feel they were suited for Navy life respond 
differently than those who were intending to make the Navy a career? 

3. Would satisfaction with duty station affect responses? 

4. Would feelings toward officers and fellow crew affect responses? 

Earlier visits on board ships at San Diego and Treasure Island and 
interviews with crew members helped to develop questions that would 
give SOIDe indication of attitudes on several of the · ove cone rns. 
Aver simple questionnaire was designed to be given with the envi• 
ronmental evaluation to determine organizational climate: feelings 
toward authority, the Navy, and job satisfaction. 

THE PARALLEL STUDY 

Eight ships were surveyed in the parallel tudy: an I.KA, an LST, an 
LSD, an LPD, two DEs and ~wo DDGs. Sample sizes varied from 12 to 25 
respondents per ship, yielding a total sample of 126 subjects. The 
average time spent filling out the various questionuaires was 15 min• 
utes. The men were briefed not to spend much time on any one ques• 
tion, but to mark the first impression they had. While the question• 
naires were being filled in, other members of the crew, CPOs, and of• 
ficers were interviewed about the ship, life on board during a cruise, 
what the messing area wa like in us under such conditions, and what 
kind of design or decoration they might prefer if they were given a 
choice. Some the results are shown in sumarized form 1n the Figures 12 through lb. 



DISCUSSION OF DATA 

The visitors (Group B) most frequentl!' ed the following environ• mental characteristics lower than the ship's crew members (listed in order of frequency of low rating): 

1. Characteristics relating to lighting: lighting desi n, light quantity, glare, etc. 

2. Color and surface treatment of rooms. 

T ship •s crew members most frequently rated the following environ• mental characteristics lower than the visitors (listed in order of frequency of low rating): 

1. Seati1g accomodation. 

2. Table design and arrangement. 

3. Color schemes. 

4. Decking. 

The most striking general characteristic of the data shown in Figures 12 to 1J is that the ratings of the crew are, with few exceptions, consistently lower ~han the ratings of the visitor. Crew's ratings also tcand to be in a narrow, more neutral range on the scale, while the visitors• responses indicate a wider spread. Approximately two• thirds of the messing areas were rated in the neutral range (3.~ to 4.5) of the scale by th crew, while the visitors rated slightly less than half the aessing area in the neutral range. 

Some ■uaa•• tions can be hazarded as to why the crew rated environ• ments conaistently l ower and more neutral. The a.hipboard environ• ment is one the crew is used to and one in which they have bt!en con• fined. Not only have they used the messing facility .~.n adverse 
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conditions for long periods of time, but also they have had to main• 
tain the area, and thus ave seen it at its worst. 

On the positive side, it can be argued that crew members who are using 
the facilities can do more realistic evaluations because they know 
the extremes of use and wderstand how uncomfortable some aspects of 
the design can be, when small annoyances such as bumping~ harp cor• 
ner build up stress during ~xtended periods of confinement in long 
cruises. Before definitive statements can be ma<le about how realistic 
the crew•s evaluations are, or if they are in fact better than those 
of the visitors, more studies would be needed. For example, it would 
be useful to have the crew evaluate not only their own ship, but the 
others that the visitors rated, to see if this affected ratings of 
their own ship, or if their ratings differed in any way from those of 
the visitot'S, Another approach would be to allow the crews of all 
the ships to get together and discuss how the environments are used 
and how different features function, and only then have them evaluate 
all the ships. These ratings would then reflect the experience of 
seasoned sailors a~d might provide a better check for the ratings of 
the non•users. 

On the negative side, the crew evaluations can be considered less 
valuable because there is no indi ation of what the environments are 
being compared to. Since the crew rated only their own ship, when 
they rated some attribute as good or poor, it is unknown whether they 
were comparing it to similar attributes on other ships or what they 
imagined otQer ships to be like. Individual's concepts of other ships 
may represent the case of the grass being greene~ on the other side of 
the fence, since with a few exceptions all crews rated their ships 
lower than the visitors did. They also could have compared the ship 
environments to equivalent environaents on and. In this case, the 
comparative ratings of the visitors would appear to be more valid or 
usable for design, since they are more 1 kely to compare one ship to 
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others they have seen. Since the evaluating groups rotate visits 
from ship to ship, only a small portion of each sample rating each 
ship is seeing that ship as the FIRST of the group (thus having no· 
thing to couapare with it), or the LAST (when they may be finding the 
ratings tedious). 

Some of the ships proved t o be exceptions in that the crew rated 
their messing spaces higher than the visitors (Figures 13 and 14). 
By examining these exceptions some light can be shed on the nature 
of the ratings given by the two groups. Ratings for Enviroruaents 
29, 31, and 33 were consistently higher in the crew evaluations. 
Checking the desigu and finish o.: the meAsing facilities on those 
ships, it was found that they did differ significantly from hose 
on other ships surveyed, in that they were not as completely re• 
finished. For example, at least two walls in each of the above men· 
tioned three environments, did not have wood grain paneling covering 
the painted metal bulkhead. In some cases, the metal structural 
walls were simply painted a light color and left exposed. In other 
cases, pictures painted by the crew had been hung or trophies and 
other decorations obtained by the crew were used to decorate the 
walls. Responses indicated that the visitors clearly felt this was 
leas satisfactory than the paneled interiors, but that the crew was 
not as negative, and in s011e cases they were positive. 

The provision of overhead panels to hide wiring, ducts, and pipes 
differed in two of the three environments mentioned (29, 31). One 
ship did not have thP. entire ceiling covered, due to required open• 
ings for an overhead equipment track. The gaps left for the track 
allowed views into the dark space above the hun~ ceiling panels. The 
other ship had no hung ceiling at all, leaving all the overhead wir• 
ing, ducts, and structure exposed. This overhead area was clean and 
well maintained. Studying responses in detail showed that the isi• 
tors clearly preferred hung ceilings covering the overhead. Reac• 
tion on the part of the crew wu not quite ■o predictable. In 
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Environment 30, for ex•ple, full hung ceiling system was provided 

and rated very highly by the visitors. The crew, however, rated che 

ceiling very low. Interview data reveals that they had recently had 

a fire on the mess deck, melting the plastic ceiling panels and caus· 
ing them to drip in flaaing blobs onto the floor and onto the heads 

of the fire fight~rs in the area. In spite of that experience, the 

ceiling had been replaced with panels of the same type. In this case, 

it appears that knowledge of the performance affected ratings. 

On some ships, 111embers of the cr ew mentioned problems with the ceiling 

panels in high seas. Instances were cited of plastic diffusers and 

light fixtures falling to the floor as the ship was tossed at sea. In 

some cases, fibreboard or fibreglass ceil ing panels would fall from 
the suspension system. Another consideration, mentioned most often 

by ol, \er, career Navy men, was t he maintenance problem posed by the 

suspended ceilings. Since the overhead was covered, it could not be 

kept as clean. This was also cited as a problem by ship's electricians 
, 

and others who were concerned with having access to the overhead ser• 

vices. Both ceiling and wall paneling were ~ntioned several times as 
harboring bugs, such as cockroaches, especially on the mess decks. 

Lighting was often indicated as poor by the visitors, but was not ra• 
ted especially low by crew. Whether the visitors had more basis for 

comparison, since they were comparing shi ps, or whether they were con• 
sidering other lighting sys tems they were used to, such as those at 

the Naval Training Station mess hall , i s not known. The crew seemed 

much more tolerant of the lighting levels, fixtures, and distribution. 

Factors most frequently rated low by crew could indicate &!veral pos• 
sible assumptions. Seating accoJDOdation, table design and layout, 

color schemes, and decking were consistently rated lower by the crew 

than by the visitors. One assumption is that the constant daily use 

made small seating discomforts more noticeable and tlu~ref ore less 

bearable . Similarly, long periods of confinement to the ship at sea 

·102 



could make color schemes tiresome. In the case of decking, as well 
as table design and layout, maintenance seemed to be a factor con• 
sidered by the crew when questionnaire ratings were compared with 
interview data. Some tables, rated highly ~Y visitors {as interest• 
ing in shape or design, and pleasing jn color), were cited by crew 
as being hard to clean around. Light colored flooring that was, in 
some cases, rated high by visitors, was rated low by crew, who said 
it showed dirt too easily. Some f l ooring m terials were described 
as so hard to maintain that it seemed the mess deck was always being 
scrubbed, and therefore was seldom open for use between meals for al• 
ternate activities. 

The meal evaluations (Se Figure 15) indicate some interes ting dif• 
ferences in ratings. While the crew rated the meals on most ships 
a great deal lover than the visitors, meals in Environment 29 were 
actually rated higher by t1e crew {as were ratings of the messing 
space). The ratings of the organizational climate on board ship and 
satisfaction with the Navy and duty stations {Figure 16), failed 
to give any indication of why this ship should have the messing fa• 
cility rated higher. In fact, the organizational climate question• 
naire would seem to indicate that the rating of the environment and 
the food should be lower than ldicated. Here the visits to the ship 
and crew interviews provided some insight. At the time the messing 
facility was evaluated by the crew, a family day was underway. The 
tables {movable on this ship) were arranged for a banquet with bright 
tablecloths. Many family members--mothers, brothers and sisters, 
wives and awe thearts were visiting and eating with the crew, lending 
a festive atmosphere to the space. At night, when the visitors evalu• 
ated the space, it was generally somber and quiet with only a fe~ 
crew present and no indication of the daytime visiting program being 
carried on. The food was rated at the bottom of the list by the 
visitors, but was the second aoet highly rated among the crews. It 
tumed out that the salad bar in the messing facility had been re• 
quested by and obtained for the crew, and they especially enjoyed this 
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feature. The meals, also at the crew's request, were stressing spe• 
cialties from different ethnic groups stationed on board. This p• 
parently did not impress the visitors, although the crew found it 
highly satisfactory. Perhaps the visiting program (which occured on 
the mess deck primarily), or perhaps the concern with their wishes 
in meal planning caused the crew to have relatively positive feelings 
toward the me~sing facilities on this ship, and thus rate the envi· 
ronment higher than the visitors, breaking the usual pattern. 

Crew ratings of environmental characteristics for Environment 31 (Fi• 
gures 12 ~ .14) -were higher than the visitor ratings. The connection 
was apparently not with food (Figure 15). Although visitors and re• 
searchers found the food quite good and those on the mess deck ex• 
pressed concern with maintaini ng quality, the crew rated the food 
very low. The crew's ratings were more understandable when we dis· 
covered that cases of food poisoning had occured on th ship justbe• 
fore our visit. Several of the crew had become sick and required 
hospitalization. In this case, the cause for the high ratings of 
the environment appear to come from satisfaction with the social sys• 
tem. For almost all of the factors on the questionnair on organi• 
zational climate: attitudes toward offic rs, the Navy, and job satis• 
faction, Ship 31 was rated at the t op or close to the top of the scale. 
Visits to the ship and interviews revealed similar findings-the crew, 
including CPOs, and officers were open, friendly, and seemed to get 
along well together. When the crew members, selected from a variety 
of job stations, were filling in the questionnaires on this ship, other 
members of the crew who were relaxing or working on the mess deck 
showed great interest, volunteerin opini ons and suggestions, and many 
of them remaining afte wards t.o talk with us. Although the mess deck 
did not have extensive alte1:ations (the overhead area was exposed and 
the walls unpaneled), th crew were improvini the space themselves. 
They were especially proud of the new stereo system they had just in• 
stalled. 
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There seas to be no clear explanation for the high ratings of En• 
vironment 33 by the crew (Figures 12 • 14). The questionnaire on 
organizational climate provides no significant information in this 

• regard, nor do the interviews. Heal evaluations fall into the usual 
pattern as well (crew rated meals lower than visitors-Figure 15). 
On this ship, the messing facility was above the main deck, with 
portholes letting in sunlight and doors opening onto the deck. Per· 
haps this was considered by the crew as more desirable than other 
ships they had experienced, and since the visitors evaluated the 
messing space at night thi~ may have made less of an impact on them. 
The space was not as completely paneled as most of the other ships 
and the visitors rated it lower and rated the walls as more cluttered. 
Since some of the clutter consisted of pictures hung by the crew, the 
crew's perceptions were likely different in this regard. The messing 
space was smaller, and the visitors noted it as crowded, while the 
crew did not. 

Other ships worth noting in the comparative ratings of the environ• 
ments are those that are rated by the crew appreciably lower than the 
usual pattern of ratings relative to the visitors' ratings. Two En• 
viroments fall into this category: 28 and 32. The explanation for 
Environment 32 is quite clear. This ship was very new, having been 
cOlllllissioned only two months before the survey was made. The visi• 
tors re,sponded favorably to the newness and even though the interior 
was exactly stock from the shipyards (with metal chairs fastened to 
the table and no ceiling or wall finishes), they knew that a complete 
remake of the area was planned. The crew who were in the midst of 
planning the changes, were certainly not going to rate the existing 
environment high. If they thought it was adequate, they would not be 
planning changes. The crew ratings of the ship as a whole (Figure 12) 
were not lower than average, only the ratings for the easing space 
stood out u low (Figures 13 and 14). On the organizational climate 
questionnaire the ship rated quite high (Figure lb). 
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Environment 28 is harder to explain. The ship was rated consistently 
high in the organizational climate questionnaire (Figure 16), and the 
ship as a whole was rated very highly by visitors (Figure 12). However, 
the ship was not rated particularly high by the crew. In this case, 
perhaps the crew did not rate the ship unusually low, but the visitors 
rated it very high. 

As we travelled to he piers with the visitors, we overheard them 
comparing the ships many times, and advising each other about what the 
various messing facilities were like (even though they were discour• 
aged from doing this). · The consensus among the visitors seemed to be 
that Environment 28 was on of the best they had visited. It appears 
that visitors set a nor.a for themselves as to what was good and what 
was to be evaluated as bad. Woo grained paneling and wood finished 
tables were seen as preferable. A full, clean and neat suspended 
ceiling, hiding all overhead services was seen as best. Separate 
chairs were the most preferred seating type and the type they were 
most familiar with. Environment 28 combined all the preferred £ea• 
tures. 

Wall decorations in Environment 28 were not personalizPd (no paint• 
ings as in Environment 29, and no changes carried out by the crew as 
in Environment 31), but were purchased decorations such as one might 
find in a restaurant. It seems the crew did not place the same im• 
portance on finishes as the visitors. The food rating by the crew 
was extremely low, while the visitors rated it neutral. Some food 
poisoning had ocurred on this ship; this fact might help to explain 
the low food rating by the crew. The messing area was more spacious 
than many of the others visited, and in comparison, this could have 
raised the visitors ratings. Spaciousness of the messing area may 
have raised crew ratings as well. Experienced sailors and CPO's in 
discussing Environment 28 mentioned how they liked the existence of 
more space than other ships on which they had been stationed, however, 
most oft e crew were younger and had less of a basis for comparison. 

106 



CONCLUSIONS 

Several general conclusio can be made from the work described with• 
in this section of t'he study. 

An outside group of t1on•users or visitors will generally rate the 
environments in the sme order of preference as users, but not ne• 
cessarily at the same level on the scale. That is, while the order 
of preference, with mi1or variations, is likely to be the same, de• 
pendin~ on the conditions, actual users are likely to rate the en• 
vironments either consi,Jtently lower or consistently higher. Users, 
rating only their own environments will tend to rate them in the 
neutral range, since the:1 are not visiting other ships with which to 
compare. Environments no,t tilted in the neutral range will likely be 
exceptions with ;:: ecial f ctors affecting the ratings. Visitors, 
comparing several environn1ents, will tend to provide a similar order 
of preference, but spread their ratings over a greater portion of 
the scale. 

Unusual conditions or extremes will affect the ratings of visitors 
and crew, but in different ways. Extremes in the visitor ratings are 
more likely to be related to purely physical criteria, such as size 
of the space, wall f i nishes, and color. Extremes or ratings that dif• 
fer from the usual patte,cn on the part of the crew are more difficult 
to pin down, and do not appear to be directly related to physical cri• 
teria. Rather, a complex group of interrelated stimuli (such as how 
they get along with fe low crew memb rs with whom they share the space, 
or interesting programs underway in the spaceJ seem to affect the re• 
sponaes. In a total institution, like the Navy, it appears that es• 
pecially negative or positive feelings toward the institution in gen• 
eral, or some superiors, or portions of the organization in particular 
can also affect ratings of an environment. It is possible that the 
more closely the people or organization, about whom the evaluator 
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feels particularly negative or positive, are identified with the 

space being evaluated, the Dl('re d:f.rectly these feelings will affect 

the rstings. This point, howe·.,er, must remain hypothetical at this 

stage. 

The degree to whii:h the users have participated in the creation or 

decoration of the environment ppears to affect the ratings as well. 

While not e,1ough information is available to acertain this relation· 

ship, it seems gener lly true that the more users have be~n respon• 

sible for and identify with the environment, the more satisfied with 

it they will feel. Visitors are not likely to note or improve their 

evaluations because of such factors, although it appears hat the 

more contact the visitors had with the users, the more they became 

aware of these features of tie space and of the organization that 

generated them. This might begin to alter their ratings. 

The visitors are ratin ; strange environments, and it appe rs that 

certain features may be singled out by such groups, who then check 

all environme:,ts to see if they contain these features. This con• 

sensus selection seenas to happen to some exte.it when the evaluators 

discuss the environments among themselves. In this study, Group B 

wes discouraged from having such discussions. However, many of the 

volunteers knew each other before they agreed to do the evaluations; 

and whether or not they h~ known each other previously, they stuck 

closely together during the visits, mMing such conversation inevi· 

table. The evaluations w re an interesting hr ak in routine for them, 

and since many were using the opportunity to decide what type of ship 

to choose for a duty station, the evaluations were naturally an impor· 

tant and regular topic of conversation. In some cases, we even over· 

heard arguments between members of Group li, over which ships were the 

best ~nd why. Such discussions may have influenced many of the ra• 

tings. This phenomenon might b avoided if the evaluators are kept 

separate until all environments ratings are completed. 
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When strange or unfamiliar environments are being evaluated in detail, 
apart from the first impression or overall feeling about it, there is 
some need for criteria on which to judge. There seems to be a ten• 
dency to pick out features that are familiar and to rate these as pre• 
ferable, or to rate the evironments in terms of degree of use of ma• 
terials considered of higher quality, or to the extent to which they 
have unusual options or special features provided. In some cases, 
even if the additions or alte~ations to the space make it function 
less efficiently than before, the space may be rated more highly by 
visitors in comparison to a physically functional, but ••stripped 
down'' or standard environment. This may be due to the fact that vi• 
sitors have few other criteria with which to com are, and are no in 
a position to rate overall performance. 

Lack of knowledge of the environment in use, especially under extreme 
conditions, resulted, in saue instances, in different ratings by crew 
and visitors. In some cases, the crew gave low ratings to some fea· 
tures, such as hYng ceilings, preferred by the visitors. Visitors 
lacked experience with conditions in high seas and were the ref or _ 
more likely to judge on appearance. It could be argued that since 
the primary information desired was the evaluators' feelings about ap• 
pearance, color, and texture, then the visitors ratings were better, 
because they relied heavily on these criteria in their evaluations. 
It could also be suggested that the crew tended to combine knowledge 
of maintenanr.:e and performance problems of particular materials with 
more general considerations of appearance. 

Another factor to consider in judging the validity for design, of 
evaluations done by non•users, is the aesthetic preferences or value 
systems of the evaluators, as compared to those of the users. In 
this case, Group Bas future users, was probably fairly close to the 
crew in tastes and preferences. Some of the research team, who had 
design training coauaented on slides f the same ships and their re• 
sponses differed significantly from those of the experimental groups. 
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For example, plastic materials with a wood grain were disliked by 
many who had had design training, imply because they were "arti• 
fici l'', a fact that did not bother the crew or the visitors in the 
least. Such values would have to be considered in choosing the sam• 
ple of evaluators, if evaluations are to be done by non-users. In 
saae cases, the cultural or ethnic mix of the user group might be an 
important factor. The food evaluations of Environment 29 art: an ex• 
ample of this, here ethnic foods were rated very differently by the 
crew and the visitors. 

In oat cases, attitudes toward the Navy did not seem to affect the 
evaluations of the environment. No connection was found between the 
extremes of disliking the Navy or desiring a career in the Navy, and 
the environmental ratings. 

Satisfaction with duty station and feelings toward officers and 
fellow crew did not seem to significantly affect responses except 
in more extreme cases. An example of such a case is Environment 
31 , which had an exposed overhead, no wall paneling, standard 
seating cantilevered frOill the table support, ana a low food rating. 
High ratings of the organization and job satisfaction seemed to 
make a difference on this ship. The crew gave Environment 31 a ra• 
ting that was virtually identical to Environment 28-the most com· 
pletely remodeled messing space. 

For comparative ratings of appearance of differen environments, a 
carefully selected group of visitors, who a:re similar to but are 
not users, appears more likely to provide a good range of usuable 
data with a reasonable spread on the rating scales. The value of 
these responses can be further improved if the evaluators are kept 
separate fraa each oth~r during the test to avoid peer influence. 
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To teat designs where function in use is as important as appearance 
and seating comfort, it appears that better results might be obtained 
with experienced sailors, rating a series of alternatives. Since the 
participation oft e crew in creating and decorating their own envi• 
romnents raises the ratings, it appears t hat in planning for the re• 
habilitation of a ship, acceptance results can be improved by having 
the crew of that ship evaluate and choose their own materials from 
available options. A comparative study would be ~eded to confirm 
and determine the conditions for this ~ifference in acceptance. 



VI. THE INCLUSIO OF WOMEN ABOARD SHIP 

Thia section concema woaen in the Navy, not so much those who have 
served on shore or on hospital d11ty since 1908, but those who are ser• 
ving and will serve alongside men at sea. Adllliral Elmo R. Zumwalt's 
••z•GRAM 116'' which anno\Dlced his plans to provide equal rights and 
opport\alities for women in the Navy, came between this project's in• 
ception and the data gathering phase. Thus, the men and women who 
were questionned, interviewed and observed for this project were 
aware that changes in personnel composition aboard ship were anti• 
cipated. On one ship in the sample th~ subjects were participating 
in the first American experiment in equalizing opportunity for wo• 
aen aboa a Navy vessel. 

While there are differing opinions abou woaena's place aboard ship, 
the decision to expand opportunities for wo•n in the Navy may be 
traced partially to the pending Equal Rights Amendment, which when 
ratified will require that jobs previoualy excluding either sex now 
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be available to both sexes. In addition, factors such as supportive 
societal sentiment, the unknowns of a volunteer Navy, experience 
gained from maritime ventures of other countries, and the interests, 
education levels, and ability levels of today's women contributed to 
this decision. Even the traditional name, WAVES (Women Acccpte,l for 
Volunteer Emergency Services) was changed to Women in Naval Service 
(WINS). However, many women contacted through this study refer to 
themselves as WAVES, while some of the more egalitarian prefer ••wo­
men Sailors••• ('l.'hese factors and a concise history of women in the 
Navy are presented by Joseph E. Castle and Laurel A. Lewonowaki in 
their report • •Female Personnel Aboard Ship - Habitability Uesign 
Considerations'' (1973).) 

Including women on board should be viewed as a social design problem 
as well as a physical design problem, The fit between a design and 
its users is dependent in part on the social and cultural context in• 
to which the design is introduced. Regardless of the quality of the 
design, if its selection for a particular environment is inappropriate 
for the people who must use it, then the design cannot be considered 
to be .. good". For instance, aboard ship if there were widespread 
resentment and extreme negativism toward women, i t is unlikely that 
any physical design would be able to smooth the way for the success• 
ful incorporation of women sailors. If the social environment were 
potentially supportive, however, then physical planning and design 
to enable women's presence would be appropriate. Positive attitudes 
could be used as levers to effect the process. 

The project did not propose to create specific designs concerning 
women's existence aboard ship, but the various results of question• 
naires, interviews, and observations have led to the proposal of 
some design guides, suggestions as to situations that may arise or 
that may requ~re attention, and identification of some areas that 
may require observation over a period of time. 
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A further technical report will discuss, in detail, the questiomaire 
design, research results relating to the social environment, and so• 
~ial and physical implications of this work. Included in that report 
will be data relating to atti udes toward women aboard ship, the in• 
fluence of wives, expectations about women's abiliti es including cap• 
ability for leadership, and expectations about change in Navy tradi• 
tions. Further da~a will be pr ented regarding women who are now 
stationed aboard the hospital ship. 

Appropriate living conditions may not necessarily require radical 
social or environmental change. An an example, preservation of mod• 
eaty among women on board was identified as a problem by subjects and 
by researchers; lack of its solution could lead to embarrassing and 
potentially dangerous situations for women. If physical design cri• 
teria were used alone, a woman in the usual skirted Naval women's 
uniform might be faced with an intricate set of passageways on board 
where she could traverse the ship, including the stairways, in modes· 
ty. Lack of such consideration produces what one of the female sub• 
jects termed ''the phenomenon at the bottom of the stairs'', where 
men would casually gather at the bottom of the stairs whenever she in 
a skirt would walk up or down. An alternative to a labyrinthian plan 
for maintenance of modesty, of course, would be to issue all women 
aboard uniforms with trousers, or pants outfits, that would protect 
modesty and enable ease of movement. This alternative solution was 
the choice aboard a hospital ship and is a good example of some of 
the simple adaptations that can be made to an existing environment. 

GENERAL DESCRIPTION OF METHODS 

Three •thods of gathering data were used. Questionnaire No. 1 (See 
Appendix A) was administered to 162 male reapondents, 34 of whom were 
baaed at Treuure laland (all on land duty) and 128 of whom were based 
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at San Diego (primarily sea duty), including respondents from seven 
ships, with additional respondents from the Naval Trs.ining School. 

This general questionnaire was later adapted to a hospital ship and 
expanded. Separate but comparable men's and women's forms were con• 
structed (Appendix A.) in order to show if experience with women 
aboard would yield responses different from other shipboard environ• 
ments where women are not yet present. 

In each case where questionnaires were distributed, there was infor• 
mrl interviewing, and the environments were observed for possible 
contributini effects. Nearly all of the first group (N•162) of the 
questionnaires were completed in messing areas aboard ship. All but 
one questionnaire from women in the second group (N•18) were completed 
in the berthing area aboard the hospital ship, while men completed 
questionnaires at their respective work st ations. 

The questionnaire was designed to assess or discover the following: 
1. Desire of the individual to be part of the change from the 

traditional to the ''new'' Navy 
2. A~eas aboard ship that might remain male preserves 
3. Attitudes t oward women's abilities on the job 
4. Attitudes toward female authority on board 
5. Attitudes of spouses toward the introduction of women on 

board 

6. Traditions that would be affected by women's presence 
7. Other aspects of life that might change with women aboard. 

Discussion of the data from this questionnaire is limited here t 
those points which refer specifically to the physical environment. 

Ideally, this questionnaire would have been distributed to those per• 
sons who would be most affected by the decision to bring women on 
board: personnel aboard cruisers, carriers, and hospital ships. 
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During the study, the former two types of •hips were inaccessible. 

The later ha• only recently brought women aboard to bunk as well as 

work, eo ti.lie limitations necessitated relatively few responses from 

that ehip. Thia sample, especially of men, may be expanded in future 

work. 

Although s011e of the present environments of the men questionned are 

unlikely places for the additio~, of women sailors, moat of these men 

had had ex ~rience on other ships, some of which were cruisers and 

carriers, and their general knowledge of the requirements of sea duty 

made them well qualified to respond to hypothetical aituations invol• 

ving women aboard ships. 

In conetructing the questionnaire and in analyzing the results, it 

waa recognized that the respondents could be apprehensive about wo• 

men• s pre■ence on their ships, because this might require a aignifi • 

cant change in the environment and such an unknown change could be 

difficult to cope with. Individual questionnaires were often punctu· 

ated with aabivalen e or anxiety concerning women being brought aboard 

without the respondents having a basis for comparison. Experience 

aboard a hospital ship reflects this: prior to their presence, the e 

was anxiety over what women sailors would do, how they might affect 

accustomed behaviors, and how Navy life might change. Most of these 

fears have been dispelled by contact. This experience is corrobo• 

rated by early reports from British merchant ships, where women are 

succeeding in formerly all•male positions (Forsyth, 1972). 

RESULTS OF ntE GENERAL QUESTIONNAIRE 

Ovemzt Pattems 

Data from 162 male respondents to the basic questionnaire (Appendix 

A) indicate generally favorable attitudes toward women. These 
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questionnaires were rated ''generally positive•• toward women's ship• 
board duty if the majority of responses were positive for those ques• 
tions that could be answered relatively unambiguously. These are: 
Ql•concerning transfer, Q2•concerning women on one's own ship, Q3• 
whether a man would remain if there Wt!re women in the crew, Q4•whether 
he would remain in the Navy if he were not aboard ship, Q7•concerning 
a female immediate superior, and QB-concerning a female executive of• 
ficer. A positive rating would hold unless other comments on the 
questionnaire indicated strong feeling to the contrary. In cases 
where the positive rating was discarded, the general response was 
rated ''mnbivalent'' unless extremely negative, in which case the 
rating given was ••generally nega ive••• Although th .re was great 
in ividual variation, the three classificatiuns held up when submit• 
ted to different evaluators for the purpos~ of verification of the ratings. 

Positive • 87 (54%) 
Negative • 41 (25%) 
Ambivalent • 34 (21%) 

TOTAL 162 (100%) 

More than twice as many men were generally in favor of women sailors 
on shipboard as were opposed to their presence. Slightly fewer men 
were ambivalent about the presence of women sailors. 

In general, it appears that the men questionned would not seek trans• 
fP.r to a ship where women were, but they would like women on their 
own ships, and they would be glad to remain if women became crew mem• 
bers. If they flt that they could not remain on shipboard because 
women were present as crew, they were undecided about whether they would remain in the Navy. 
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These men felt that they could work with either a female imllediate 
superior or a female Executive Officer. There were places aboard 
snip that they felt should remain male territories. They indicated 
possible concem of their wives tO\iard the husbands working with 
wmen on board. They envisioned necessary changes in some Naval 
shipboard traditi<ll18, including some initiations, language and be• 
havior, and personal appearance. 

ANas Restricted t..1 Men 

The following findings are the result of responses to Q•b on the gen• 
eral questionnaire: ''Is there any place on your ship (or others 
that you know about), excluding men's be1·thing areas and beads, which 
you feel should remain available to men ouly?'' 

In early interviews, various Naval personnel indicated to us that 
their views of shipboard Naval life were incompatible with new Naval 
policies of including female officers and crew aboard ship. Under 
further questiooning, saae qualified their objections by saying that 
women•~ presence was not so bothersome as long as there were a way 
in which they could get a,ay from the women. 

The men who responded to Q•6 echoed earlier interviews. Four kinds 
of areas were identified as for male•only acces~. 

P'/,aces that affect their wol'k stations. Some respondents indica• 
ted that women should be kept out of particular work stations--most 
uften, the work station to which the respondent was assigned. 

Areas where l'OUf}h work goes on. ~ngineering spaces were quite fre• 
quently mentioned as places which should be off-limits to women. 
(This was also the case in the British maritime study (Forsyth, 1~72). 
When asked why they felt this way, the men most often commented that 
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women are not strong enough to cope with that sort of work. However, 
women are functioning in engineering and deck crews aboard the hospi• 
t 1 ship visited in this study. 

Backstage areas 1.iJhere they can be ''men". Men (and women, too) need 
saae way to be able to relax and drop the prete se that is associated 
with noraal social relationships in American culture (Goffman, 1959). 
Shipboard life for many sailors hardly has the quality of a garden 
party; an acceptable manner for some sailors to assert their manhood 
seems to suggest maintaining some of the aspects of rough•and•tum le 
locke~ room behavior. Developing some way for men to be free of the 
women aboard seems a desirable goal of future shipboard planning (in• 
eluding provision for all-male ships). The bunking area alone, as an 
area of retreat from the opposite sex, is insufficient. 

AcoeBBWCll/B beween sp~. One of the most conmon examples given of 
areas that should be accessible to men only is the pathway between 
berthing areas and sanitary spaces. Unless lockers were installed in 
the toilet areas to permit storing of one's clothing, towels, toilet• 
ries, etc. this pathway may need to be off bounds to the opposite sex 
perhaps only during specified hours. An alternative has been worked 
out on the hospital ship studied ; the sanitary space for one berthing 
area is directly off t e berthing space and accessible only through 
that space. Future planning or reorganization of berthing and sani• 
tary spaces could permi t ease of access betw en private ar i 

WOMEN AND THE DESIGN OF CERTAIN AREAS 

Several areas aboard sh.p emerge as sources of probable or potential 
problems for women sailors. Those listed below ware mentioned spe• 
cifically on questionnaires or in interviews. For a fairly thorough 

discussion of the issues and potential impacts on physical design to 
accomodate women's presence aboard ship see Castle and Lewonowski 
(1973). 
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S.rthing areas. Anthropc:aett'ic data, especially info1'11ation dealing 
with coaparative heights, etc. of wo•n and men, should indicate the 
direction for provision of 110re appropriate living conditions than 
are now available for women. 

Sanit<rey spacu. While the ship need not take on the luxury of a 
spa 10• attention to the differences in use of facilities within 
sanitary spaces may indicate the need for redesign of these areas to 
acco110date woaen. The discussion, in the following section, of re• 
alities aboard t e hospital ship will illustrate this point. 

PassagBWays. Scheduling of ti.lie for showering to eliminate embar• 
rusing meetings between berthing areas and showers, or redesign to 
give direct acceas between bunk and shower would remove several pas• 
sageway conflicts. 

Messing az-eas and othsr publ.ic spaoss. Measing areas, general 
lounges, and other spaces aboard ship where pleasant gatherings nor• 
mally take place are natural settings for contact between men and 
women. Lo\Dlge spaces where men and women get together may be at a 
premium, if some spaces are maintained specifically for the use of 
each sex. The messing areas deserve special attention as possible 
areas for recreation, since eating areas are often associated with 
so iability. This possibility for social interaction of both sex~s 
seems preferable to scheduling hours for exclusive use by either sex, 
since needs for relaxation do not follow a clock. 

Out of the way places aboard ship. Dark or secluded areas have been 
alluded to by .a number of persons during the course of the study as 
potentially dangerous for women. This may be a conjecture based on 
irrationsl concerns, but perhaps it is baaed on experience. It is 
probably impossible to design a ship with no ••out of the way•• 
plaeea. One suggestion for dealing with this problem on very large 
ships {where the problem could be real due to the scale of the ship), 

121 



would be to have a fairly contained area in which women work with men. 
In this case, women would be in daily contact with a few hundred men, 
(rather than a few thousand men). These men would probably become 
concerned with the welfare of their female co•workers and would have 
a better chance of knowing anyone whose behavior might be erratic. 

Another alternative would be to place off limits to women any area 
known to have a reputation as ''dangerous'' and to design those areas 
in which women work and live in uch a way that in any situation of 
potential danger there would be someone close by. It should be empha• 
sized that better design could help to eliminate the need for more 
restrictiaus or more survei lance, both for women and for men. 

WOMEN ON BOARD SHIP NOW: A HOSPITAL SHIP 

Women began regular duty on board a hospital ship in the summer of 
1972, as jobs became available for them. Many of them were berthed 
in a barracks near the ship, while some arranged quarters off the 
base. Within a week or two of their first being berthed aboard the 
ship in late 1972, women were interviewed in order to make a pre• 
lim.inary assessment of the successes and problems that they were 
having as equal partners aboard a ship. It must be emphasized that 
the following data constitutes an initial assessment. A follow-up 
study after a few months' time would definite.ly be desirable .to check 
whether and what changes have occur~ed in adapting to physical and 
social environment aboard ship. 

Preparations for Women Sai Z.ore 

An interview in Deceaber 1972 with the ship's Executive Officer pro• 
vided information on the way in which women were introduced to the 
ship's operations and environment. 
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All women to join the hospital ship are theoretically olunteers, 

and it appears from our interviews that most women have consciously 

chosen this particular duty. Some 25-30 women volunteered initially 

and were assigned at random to the ship, Les than ten of these wo• 

men remained when we interviewed the Executive I fficer. Reductions 

in the original group occurred because some women were 11arr ed and 

could not or would not consider shipboard duty. Others had physical 

limitations that would make sea duty impossible. Some did ot anti• 

cipate sea duty when they joined the __ Navy, and others were not trained 

for sea duty and did not wish to cope with it. 

After this initial mutual s~lection process, the records of other 

women in t:1e Navy (some still in boot camp), who had volunteered fo u 

shipboard duty were screened. Each woman was telephoned to verify 

her interest in sea duty, Each woman was to have been told that she 

would have a berthing area similar to that a male sailor would have 

aboard ship, and only if she were an officer could she expect a pri• 

vate stateroom. 

Aware that women's realistic expectations of what shipboard living 

would be like could be important in their successful adaptation to 

the hospital ship and furthermore wanting this project to succeed, 

the Executive Officer released a guide to the women who would be 

stationed aboard ship. Th guide included i% formation on the physi• 

cal space available to each woman, military etiquette aboard, and 

general information about the ship . Each woman was instructed about 

the dimensions of her bunk, the dimensions of her locker, and the di• 

mensions of the storage space directly under the bunk. Sh wa al o 

told that she could take one suitcase and one locker in storage aboard 

ship. It was clearly stated that this would be the extent of sp • ·e 

and belongings that she could call her own. 
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An area aboard ship that l :id previously been storage rom was des• 
ignated as the wo•n•s berthing area. While this room and the sani• 
tary space with access to it were b ing prepared for woaen sailors' 
occupancy, the woaen were temporarily berthed in barracks nearby in 
two and four-person roou. S011 woaen indicated that they had felt 
soae lack of privacy in this facility, and al.though they knew wher 
they would be berthe on board ship, they did not really understand 
how crowded they would be in their new quarters, nor did ,hey anti• 
cipate their relative austerity. When thy moved on board, to et 
previously determined Navy schedules, their berthing areas were not 
yet c011plete, and some sections were not fun~tional. 

The Executive Officer made it clear that he favored the women's pre• 
sence aboard ship, as did the men with whoa we talked, and all were 
working to see that women aboard be given every chance for success. 
The Executive Officer said, however, that he expected to treat men 
and wcaen equally, and that !n theory he would do nothing special for 
the wmen. His goal is ••equitable conditions'' for all aen ,and wo• 
men aboard ship. Yet in reality, he realized, for instance, that 
some provision would have to be made for washers and dryers for women 
personnel, aince s011e of the components of women's standard uniforms 
would not survive the punishment of shipboard laundry. Thus, three 
washer-dryer combinations were installed off the women's berthing 
area for their use. The Executive Officer explained that a full• 
length mirror had b en in talled in the women's quarters and that 
three steps would be inst lled to the top women's bunks in the berth· 
ing area. He was authorized to make decisions concerning uniforms, 
and thus in nearly all situations aboa1 woan wear uniforms that 
include trousers and fla~•heeled shoes. 

In a reaponae to a question about any r gulations that were necessary 
in bringing women aboard ship, the Executive Officer replied that 
there were two rule that covered aany situations involving men and 
women in a contained environment over time. One standard Navy rule 
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ta that ••no two people may ah r the same rack,•• and the second 
wu in line with the ho pi tal hip procedure of restricting certain 
areas of the ship stating that ••berthing areas for one sex shall 
not b ntered by the other sex.•• H indicated, too, that he ad• 
vi d diacr tion among the personnel of his ship, male and female. 

When this study was don, 60 wo n w re expected to become officers 
and crew on the ho pital ship, 35 as hip's company and 25 a di• 
cal pr onnel. Since some women liv d away from the ship, iving 
condition aboard ship w re not so crowd d as they would be at sea, 
and presumably some of the del teriou effects of an incomplete en• 
vironment were relieved due to under capacity use of the berthing 
are. 

Questionnaire 

As previously stated, a questionnaire for women and one for men were 
devised to assess environmental conditions aboard the hospital ship. 
(Appendix A). The women's questionnaire was completed by 18 women. 
More than half nf these women were also in~erviewed informally and 
reported further information relating to the ship. A small number 
of men (5) completed men• questionnaires, to provide a spot check 
on the other dat. These men were also int rviewed. 

Results 

The results present d here tocus p3rticul rly on the physical envi• 
ronmental data provided by the women's questionnaires. Comments 
and differences from the men's questionnaires are presented asap• 
propriate. 
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Fit betw,,m s=p,ctatio'l'IS and experience aboard ohip, About a third 
of the respondents found tlae st)ip as they expected, and an equal uum• 
ber found it not as they expected, Only one of those women who found 
it aa she expected, considered the environment (espechlly the her• 
thing area) a reasonable one, All c,f those for whom the environment 
did not meet expectations cited either very poor living conditions or 
ina\,propriate assignment, TI1ose women who found their general berth• 
ing area as they expected it were resigned to the conditiom• r were 
very unhapp abo~t their living situation. 

Changes r.Jhich r.Joul.d improve Ziving conditions on board. Seven areas 
were mentioned as particularly problematic. It is tnteresting to 
note that none of th men queationned felt that any physical changes 
in the ■hip' ■ layout were needed to accomodate women. Half of the 
female re■pondents indicated voluntarily that there were too many vo• 
men in one apace, even though the full complement of temale crew were 
not living o ship while in port, In addition, co111par d with many 
men's berthing areas seen during the course of the larg r study, there 
was relatively more air space (ceiling estimated at 14 feet in height) 
and perhaps slightly wider aisles between tiers of bunks, Women often 
mentioned tenseness due to having so many women in one space. They 
were concerned about the inability to maintain modesty and about the 
social friction that had developed since moving on board ship, Equal 
Rights Alllendment notwithstanding, the que11tion must be ked: Could 
there be different spatial requirementt:1 for men and women, based on 
culturally detendned patterns of behavior? 

Toilets (compartments) were found to be too small and severely lacking 
in privacy. Thia was mentioned frequently both on questionnaires and 
in interviews, When the women moved aboa~d ship, they found a room 
with two rows of toilets facing each other, with partitions between 
fixtures, but no other form of visual screening. Curtains were quick• 
ly located and hung in front of each compartment. The compartment is 
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so small, however• that anyone uaing the fixture is easily vi.sible by 
a ghostly set of knees protruding from behind the curtain. 

More locker space is needed due to the types of uniform that have 
been issued. Many woan mentioned that more easily reached storage 
space is very desirable. 

There seeaa to be a need for upper bunks that are easily reachable 
by wmen, who generally have shorter legs than men. According to 
a011e wo•n, bunks that would permit sitting up in bed are very de• 
sirable; this thought ia shared by some men. Even when the women 
wrote or spoke of design of the bunks for ease of use or access, 
almost always there was some mention of reducing the number of women 
who were in frequent anrl immediate contact with each other in the 
berthing areu . Sever al women suggested a • •cube• • of space with 
berthing area for fo~r w0111en. 

Quite a few women menti oned that they eeded a lounge or similar 
space, ao that they cold be aoaewhere (excepting tl1e berthing area 
and the sanitary ~pace) where they would not be accessible to men. 
Soae knew that the space adjoining their berthing area was designated 
aa . a lowage apace for women -and were eager for its completion. 

Ken aboard ship aay be feeling similar needs for privacy. One inter• 
viewee wu not opposed to women•s presence and has always worked with 
women, yet he wrote• • 'Other than the obvious berthing and head fa• 
cilitiea, I feel the men should have an area to gather together alone. 
Even a married ■an needs to have •t ':De out with the boys•.•• 

Bathing facilities were mentioned by a few wo■en. Several indicated 
that the ahower stalls we inadequate in size. This is perhaps an• 
other reflectioo of the desire to maintain modesty in a apace that 
waa not designed with women•s needs in mind. One woman wistfully 
longed for a bathtub. 
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Ventilation was another physical factor that was considered to need 
improvement, although this should bu checked after 11 physical ren• 
ovation of the ship is completed. 

It must be reiterated that some of the physical problems that these 
women were having with their environment may have been due to fac• 
tors related to the degree of environmental completion. These fac• 
tors should be rechecked in further studies. Any of these factors 
might also be checked out with men, although in this portion of the 
project women vo.Lunteered more inforaation than men on aspects of 
environmental chauge and manipulation. The w011en's recent habita• 
tion aa; have heightened awareness of particular problems, whereas 
many men had been involved in some environmental manipulation with• 
in their own environments on shipboard. Crow~ed living conditi ns 
present a different sort of problem, which m.ay be coped with fairly 
well in times of emergency, but which may be a deterrent to reten• 
tion under peacetime conditions. 

Messing ANas 

The messing area aboard the hospital ship is a source of pride, es• 
pecially to those who work there. Its three spatially and v~sually 
distinct sections, as well as the galley, have recently been refur• 
bished and seem t o body many of the features fo\Dld desirable (e.g., 
flexible seating arrangements, variety in spaces, paneling, different 
lighting levels, etc.) in environmental evaluations discussed else• 
where in this document. As this messing area was not used in these 
formal evaluations, a special trip is planned for those researchers 
who have not seen the ship. 

While systeaatic investigation of aeaaing area■ waa not carried out 
aboard the hospital ship, one feature was 11antioned during interviews 
as a potential problem. The only regularly used passageway into the 
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messing are is a long and very steep flight of stairs. On other ships, where there might be a choice in location for messing facil• ities, potential hazards should be minimized or eliminated if pos• sible, since messing areas provide a natural setting for many types of leisure and free time activities. ThiP space could become a so• cial center on ships with men and women crew members. 

Bszothing Areas and Temtozoiai Control, 

The questionnaire data and interviews indicate a strong need for a secure territory for women only, and the berthing area is not suffi• cient for this purpose, This special territory neP.ds to be easily accessible for women, to provide protection for the individual such that she is not continually confronted with her uniqueness. (A sim• ilar case may be made for officers on some ships visited during the course of this study, Some officers shared a stateroom which served as berthing quarters and office for two or 110re men and was the only private space available to each man. The only other environment to which they had any territorial rights was the wardrooa.) For the woaen, the berthing space is felt to be quite small, perhaps because this area aist provide for group and individual activities as well as the usual activities associated with berthing spaces. The dif• ferences in perception of problem and solution are suggested by one man who wrote, ''women should only be put on large ships,•• since their presence ''would confine movement of males on small ships''• 

The environment available to women bec011es larger in great port cities, such as San Fra1ncisco, which offer a viable extension of the shipboard environment •.dth places to go and things to do at any hour of the day or night. However, not all ports provide such variety in environment with such ease of access. Sea duty will constrain the 
environaent severel~ for women. 
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There may be yet additional explanations for he women's difficulties 
with berthing spaces. Women's spatial us age has been found to differ 
from men's in a study of identica:.ly designed single sex housing 
(Drake and Falor, 1965). Women's behavior was marked by reliance 
upon distinct spatial boundaries to help maintain social orde~. There 
was a high value placed on privacy and maintenance of modesty for each 
individual and each two•person room. Walls and even subtle changes, 
such as door indentations, provided props with which a functioning 
social system could be maintained. 

On the other hand, men exhibited behavior that was interprt .. ' ·':'d as 
showing a need for more tlirect access between individuals. Walls in 
this case were barriers to effective maintenance of the social sys• 
tem, and men spent considerable amounts of time and energy reducing 
the physical barriers that stifled their effective conaunication with 
each other. 

What this may suggest for shipboard deign is that a traditional 
shipboard berthing area may no be overwhelmingly desired by its male 
occupants, but they may be culturally attuned to its effective use. 
Women, however, would find a comparable space very wearing oo rela• 
tionships with other women and possibly disruptive to the group as a 
whole. To alleviate what appears to be a different reaction by women 
to the crowding men have always faced aboard ship (one must question 
whether volunteers will accept these conditions which may have been 
acceptable in wartime) serious consideration should be given to the 
redesign of berthing areas to two or four person sleeping areas for 
women (with similar ones for men) to encourage maintenance of normal 
social behavior. 

SUMMARY 

162 men drawn from groups stationed aboard seven ships in San Diego, 
from the Naval Training Center, and frm Treasure Island were 
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queatiooned about their views concero.ing female Naval personnel aboard 
ship. A second saaple of 23 was dram from men and women aboard the 
first American Naval ship to have women crew members. 

The aajority of •n were either favorable or ambivalent toward the 
possibility of w011en personnel aboard. Some would restrict areas from woaen•• presence, such as their own work stations, engineering areas 
and ~ther areas where rough work goes on, areas strictly for men, and 
soae areas where the presence of the opposite sex could be embarras• 
sing. Both men and women indicated that they would appreciate an area 
other than berthing space that would be off limits to the opposite sex. 
Some of the •non the ships where no wmaen were assigned were con• 
cemed about places that could be dangerous for women because they 
were remote. Perhaps chivalry is not dead, but their concern may also 
reflect the need for rational appraisal of areas aboard ship that are 
or could be dangerous by harboring situations that could have unplea• 
sant consequences for men or for women. 

Maintenance of modesty is considered desirable by both female and 
male subjects. Design consideration should include an investigation 
of actual use of berthing spaces, sanitary spaces, ladders, and pas• 
sageways. As uniform requirements may be changing for women aboard 
ship, lock.er and storage space may need reconsideration. Messing 
areas on ships with male an~ female crews may also bec011e important 
meeting centers aboard as may any public space in which recreation, 
leisure, or social activities take place. 

Many of the male sailors and nearly all the female sailors question• 
ned and interviewed indicated that at some level women's presence on 
board ship would be a normalizing force for the Navy. Many suggested 
that this change would create a better atmosphere aboard ship, one 
more like that in work environments in civilian life. While loss of 
significant segments of Navy life would seem undesirable if it is to 
remain an alternative to employment elsewhere, especially for those 
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persons who have based a career on a pattern of behavior now in jeop• 
ardy, the more familiar heterosexual environment may positively in• 
fluence retention of personnel. This topic, possible differences be• 
tween male and female spatial needs and usage, and attitudes from and 
toward women aboard ship are among the areas that should be assessed 
over time. 
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QUESTIONNAIRE NO. 1 
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This study sponsored by the Navy to improve ha~ttability in living 
areas on board ship. 

Name ------ Age ----
paygrade rating, _________ _ 

Service USN USNR USMC time on active duty__yrs __ mo. 

Previous shipboard service (three most recent) 
ship type months on board 

Indicate the type of duty that most nearly applies to you at pre ent. 

1. deck s. cook 9.instructor 
2. engineering/ hull 6. steward 10.recruit 
3. electronics/rad~o/ 7. medical/ 11.ordnance 

communications dental 
4. clerical 8. student 12.working out of rate 

Would you prefer to be aboard: 1. small ships (ATF, mine sweeper, etc) 
2. medium ships (destroyer, cruiser, etc) 
3. large ships ( oiler, supply, etc) 
4. very large ships (carrier, LPH, etc). 

Which of the following best describes your feelings towards the Navy? 

1. I want to get out as soon as possible. 
2. I am pretty sure that the Navy is not for me. 
3. I am not sure whether I ' ll leave the Navy or stay in. 
4. I'll probably stay in the Navy past this enlistment. 
5. I definitely plan to make the Navy a career. 

Indicate how much schooling you 
1. through 8th grade 
2. 9-11 years 
3. 12 years 

have had. 

4, some college (no degree) 
5. college graduate (two year degree) 
6.college graduate (four year degree) 

Which description most accurately describes the work performed by 
your fatLer (or step father etc)? 

l. professional (Lawyer, Doctor, Professor, Scientist) 
2. semi-professional (Teacher, Engineer, Military Officer) 
3. business or management (not self-employed) 
4. self-employed (trade or business) 
5. clerical (government or business, not managerial) 
6. aale1 or servicee (Salesman, enlisted military) 
7. technical, skilled trade 
8. farming, forestry, Fisherman 
9. 1emi1killed 
lo. un1killed Laborer. 139 Preceding page blank 



ENVIRONMENT NUMBER ______ _ 

MESSING FACILITY SLIDE EVALUATION FORM 

General Impressions good 

Color Scheme good 

Lighting System good 

Seating good 

Tables good 

Table/seating Combination good 

Arrangement of Tables good 

Wall Surfaces good 

Decking good 

Cleanliness good 

shiplike appearan~ much 

pl as ntness for eating much 

mood of the space dull 

similarity to your experie .ice close 

quality of the slide good 

QI 
IIO 
fll 
M 
QI 
I> 
IV 

• 

SUBJECT NAME 

. poor 

. poor 

poor 

. poor 

. poor 

poor 

. poor 

poor 

poor 

. poor 

little 

littl 

exciting 

little 

. poor 

--------

What do you lik~ best about his messing area? ---------------

What do you like least about this messing area? --------------

(one of lU or more pages in the questionnair) 
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Admiral Zumwalt ha recently nnounced that wome will be taken on•• regul r crew memb rs on carriers and crui ers with th ir own aeparat berthing ar as and heads abo rd hip. Given this, how do you hink you would react in the following situations? 

Would you like to tr naf r if you could to a ship wh re there were women? 
Would you like to h ve wo non your own ship7 

Would you r main aboard ship if wom n wer t k n on a regul r crew mellb,!rs? 

If you decid d not to stay on bo rd b cause women were there, woold you still remain in the Navy? 

Is there ny pl c 
men' berthing 

on your ship (or oth rs that you know about), excluding ani head , which you f el should r tnain vailable to n only? 

Th following list indicates types of duty. Some mignt b done better by wo en, some by men, and some by either women or n. Place a _R by jobs that you think could best b don by a woman; plac an M by those beat done by a man; nd put nothing next tb thos that could-be done either by a woman or a man. 

1. deck 
5. cook 9. instructor 2. ngine ring/ hull_ 
6. stew rd 10. recruit 3. lec.tronics/radio/ --communications 7. m die 1/ 11. ordnance 4. cl rical dent 1 
8. student 

Would you remain aboard hip if a woman were your imediate superior? 

Would you remain if woman wer your e ecutive officer? 

If you are marri d, what kind of re ction do you think your wife wold have to wom n b ing on board? Would you conaent on thi please. 

Are there ny 
were included 

avy traditions that would have t.o be changed if wom n er w m mber aboard ship? 

Ple s dd nythin you think might h lp us to under tand how a hip might function differently if women wer bo rd s er w m mb r•. 
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QUESTIONNAIRE NO . 2 

MESSING FACILITY EVALUATIO FORM 
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ENVIRONMENT ---------- Your Name ------------M E S S I N G F A C I L I T Y E V A L U A T I O N P O R. M 

This study is sponsor d by th Navy to i11prove livina area■ on board ■hips. After eating a meal aboard th ship, fill out t~e evaluation■ li■ted below by marking one point on eac.-la scale. The middle urk 11 :" aean• neutral or v rage and the marks further 
out indicate stronp • opinion 
s shown below. Answer e~ch 

question separately and try 
to use the whole scale. Try 
to find the most mean aful 
interpretation of each cale 
nd use that meaning in your 

ev luations. 

General Impr ssiona 

the ship as a whole 

the meal you have eat n 

the serving area 

the serving line wait 

the whole messing area 

the color cheme 

good 

good 

good 

good 

sh rt 

good 

good 

the atmosph re fri ndly 

th pace w s uncrowd d 

T ble/S ating Combination 
th 1 yout in th space good 

rrangement oft bl s good 

getting into the sat 
at the table asy 

mount of space once 
you were ■eat d adequate 

GI 
00 co .,, .,, .,, ... ... ... 0 0 0 GI 0 0 0 0 0 > 0 0 00 00 00 IO a. a. . . . 

:,., .., 
"" r-4 "" 

.., ... • r-4 co r-4 • GI 

1 
.., ... .., 

1 > .c .., .c 
00 :I Ill 
~ GI ~ 

0 r-4 C: r-4 • II) • • 

Threw re___ ta at th table and a1 many a sitting th re ton time. 
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... 
0 
0 
a. 

poor 

t' 
GI 
> 

poor 

poor 

pOO!' 

long 

poor 

poor 

unfriendly 

crowded 

poor 

poor 

difficult 

too little 

___ peopl 



eating comfort 

seating material 

eating color 

t ble material 

table color 

table design 

seating design 

good 

good 

appropriate 

god 

appropt•iate 

good 

good 

tab l e/seating combination aood 

Room Surface Appearance 
overhead surface 

side wall surface 

fore/aft wall surface 

good 

good 

1ood 

walls · re uncluttered 

surface decoration• good 

decking good 

f)th r Senses 

the air 18 

th air is 

the air 1• 

th air ie 

the sound is 

mor sound is 
from 

warm 

freab 

dry 

110tionless 

noiay 

ahip '• noiaee 
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4' ii,,. .. .-4 

1 4' 
.c ii,,. 00 ... .... 

41 0 •-4 > II 

II 
00 .. ... 
II 
> • ... 
0 

ii,,. 
.-4 .-4 • 4' ... .c 
4' 00 ::, .... u .-4 
C II 

4' • 1 
0 
II 

t' 
II 
> 

poor 

poor 

inappropriate 

poor 

inappropriate 

poor 

poor 

poor 

poor 

poor 

poor 

cluttered 

poor 

poor 

cool 

huaid 

drafty 

quiet 

hwun noiaes 



cu 

=' M 
cu 
> • 
M 
0 

M ~ I>'\ M • .... ,.-4 

1 1 
M • M 

i. M ii I>'\ M t' M .,.,4 :, .,.,4 
cu .... II .... • > • • Cl • • > 

Lighting 

general i11preHion good . poor . 
lighting fixtures good . poor 

glare from surfaces IIUCh none 

glare from fixtures auch none 

color of the light good . po r 

light distribution good . poor . 
light quantity too much too little 

Concluding Impressions 

cleanliness good poor 

shiplike appearance much little 

pleasantness for eating much little 

mood of the space dull exciting 

similarity to your 
experience close . little 

What do you like best about this meHing area? 

What do you like least about this messing area? 
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QUEST ONNAIRE NO, 3 

MESSING FACILITY SLIDE EVALUATION FORM 
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MISSUIG PACILITY SLID! IVALUATIOII 101M 
IANI -----------

Thi■ atudy 1a 1ponsored by the Navy to iaprove habitability in liviq areu aboard ·u1,. 

You will be 1hown slid•• of different color scheae■ for the .... •••ina area in ••t• of 3. 

While each ■et is beina ahown -

Kark a+ i n the box which represents the position of the ■ch ... that feel■ ~ SPACIOUS 

and a - in the box which r epresent• the position of t he ach•• that feel■ LIAST SPACIOUS 

~ark a+ in the boy, which repreaents the position of th• acheae that you LID!!!!,! 

and a - in the box which represents the position of the acheme that you LID LEAST 

8-□□□ 14-□□□ 
9 -□□□ 15-□□□ 
10.□□□ . 16-□□□ 
11-□□□ 17-□□□ 
12:□□□ 18-□□□ 
13.171 Ill 19·□□□ • L Prec~din1 page blank _J Is, 



MESSING FACILITY SLIDE EVALUATION FORM NAME _________ _ 

You will be shown 16 slides of different color schemes for the same messing 

area. First, they will be shown very quickl y in order to acquaint you with 

the range wi thin the group . Then, as each s l i de i s reshown , mark yo r opinion 

of the color schem acr oss the categori es. 

1 ! 3 4 S 6 7 8 9 ~ ll ll ll U ll H 

LIU 
--

l1k8 

o. • 

dialike 

DISLIKE 

STifflJLlTDlO 

atillllat.ing 
--

&Yerage 
- - - ~-- ,-- - ,-. 

unatlllll.ating 
.,_ _ __ 

-- - 1-- -- -- -- - -·- I- - t------ 1--

UBSTIMULATIBG 

. 
APFBOPRIATE 

- - - - -~--- - • ··· ..--~ · ·- ---- - - - -
appropriate I 

I 

... --- ·• -- --- --i--- • - -- - · ·-- - ·- -- . - - 1-- - - - --

&Yerage I 

I , ___ - -- . -- ,-.... 

inappropriate I 

t-- L- - - - - ·---- ,...._ _ ,..._. ·-
INAPPROPRIATE 

tor recreation: 

!PPROPRIATE I 
- ---- - ·-- - ·- -- --- I"-- . - - - .,___ ---- - -· 

ppropriate 
.. - -· - - - --

-- - ... ·-·- --- ~-- ·- - -
iMppropriate 

1----------+- - ... - - * - ~ - ... - .. ~ .. .. .. -- ... ..,_ · ·- - - .. t-- - - - - - ---- r--- - -
INAPPROPRI ATE 
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QUESTIONNAIRE NO. 4 

ORGANIZATIONAL CLIMATE 
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This study is sponsored by the Navy to improve habitability aboard ship. 

This questionnaire is not for evalua ion of your ship, Do not sign your name and do not indicate the name of your ship. These ques­tionnaires form a part of a larger study , and are concerned with how at titudes affect perception. 

Answer all questions quickly, off the top of your head. Answer with the first impulse that comes ·to mind. Do not spend a lot of time thinking about the question in detail. 

AMPLE QUESTION 

THE MOVIES ON BOARD SHIP ARE: 

excellent first 
run films ( 
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DO YOU FEEL YOUR OFFICERS ARE: 

some of the best 
in the Navy ._____.I l~I..___..I ____ I_I lousy 

ARE YOUR OFFICERS: 

open and 
inter ested in 
your views I I I I I closed and 

unapproachable 

WOULD YOU ENJOY SOCIALIZING WITH YOUR OFFICERS WHEN OFF DUTY: 

definitely not .l_....,J_...,l_ .... 1_ ..... 1 ___ ] definitely yes 

DO YOU ~EEL YOUR OFFICERS MAKE: 

strtegi cally 
good decisions I I I I 
DO YOU FEEL YOUR OFFICERS MAKE: 

fair decisions 
for the men 

DO YOUR OFFICERS: 

enfor ce rules 
strictly by the 
book 

I 

I 

I I 

I I I 

I I 

I I 

IJ 

bad decisions 
strategically 

decisions that ~re 
unfair to you 

act lax about regulations 

If rules are not enforced strictly by he book, do you feel they 
are altered for your benefit, or for the benefit of the highest 
ranking officers only: 

altered for my 
benefit 

remarks: 
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ARE YOUR DUTIES ON BOARD SHIP: 

clearly defined .. (-... 1--1--1--,-.... , 

ARE RULES OF CONDUCT ON BOARD: 

unclear and 
depend on who 
defines them 

I I 
ON YOUR SHIP IS THERE 

I I I 

great opportunity I I I I I I to advance and do a.. _ _._, _ __._...__., ___ ., ___ ._ 
well in your career 

DO YOU ENJOY BEING ON BOARD SHIP: 

look forward to I I I I 1 I cruise with 
anticipation 

vague and open to 
interpretation 

openly stated and 
enforced 

no opportunity for 
achievement 

hate being on board 
and can't wait for 
cruise to finish 

CONSIDERING THE ECONOMIC AND SOCIAL CONDITIONS IN THE COUNTRY, 
DO YOU FEEL THAT: 

the Navy is I I I I ( I really a pretty ._ _ _._ _ _._..,...,_ ____ ._ 
good place to be 

you are missing 
great opportunities 
in civilian life 

What type of ship has the best opportunities for advancement? 

----------------- Why? 

What type of ship would you most like to be stationed on? 

Why? 
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DO YOU FEEL YOUR DUTIES on SHIP BOARD ARE: 

important and 
necessary [ I r : I I

. unimportant, time fillers 
to keep you busy -----------.. 

IS YOUR SHIP: 

I I I I I one of little of great strategic 
importance or to the Navy 
use or out of 
date 

What percentage of your spare or leisure time on board ship do you 
spend with the following: (circle the amount) 

Alone (or in as private 0-25% 25- 50% 50-75% 75 -100% 
a spot as poss ble) 

In small group activities 0-25% 25-50% 50- 75% 75- 100% 
(card games , etc . ) 

In large group activities 0•25% 25-50% 50•7~% 75- 100% 
(sports events, etc . ) 

Watching movies 0-25% 25-50% 50-75% 75 - 100% 

What activities would you like to see more of on ship board, or 
would you like that are not provided at present? 

WHO DO YOO SOCIALIZE WITH MOST, ON BOARD SHIP: (circle answer) 

1. your work crew 

2. different people f om various job categories 

3. those who bunk near you 

4. other (note who) 

Do you use the messing area for activities other than dining and 
watching movies? What acticities do you use this spac f or? 
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--~------;----~ 

ARE THERE MANY FIGHTS ON BOARD YOUR SHIP? 

many I I I I ( I none 

ARE THERE MANY RACIAL INCIDENT ON BOARD YOOR SHIP: 
many I I I I I I none 

DO MOST OF THE FIGHTS OR RACIAL INCIDENTS HAPPEN: (circl one or more) 
1 • fter large ~roup ctivities 

2. ~fter movies 

3. after competitiv sports events 

4. at mess time 

s. after long periods of duty 

6. unpredictable when they will happen 

7. none of the above 
If none of the above, when? 

WHERE DO MOST FIGHTS OR. RACIAL INCIDBbl'l:S OCCUR: (ciri; l one or more) 
1 • in the mess area 

2. ir the bunk areas 

3. on work stations 

4. ,,ther 
if other, where? 

DO MOST FIGHTS OCCUR: (circle anawer) 

1. when ship -is t ea 

2. when the ship i in port 

If their ar fights aboard 
avoided? How? 
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QUESTIONNAIRE NO. 5 

ATTITUDES TOWARD WOMEN ABOARD SHIP 

(WOMENts FORM) 
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This que tionn1irc is &pon orcd by the Office of Naval Rec rch to improv 1 ipboard habitabili y. Your rcspons swill be kept con idcn i 1, nd information th t you giv will b us d in a & n ral or illustrative way but will not identify you peci!ically. 

Na e 
Ag ----------------------- -------Pay rada ---------- Rating _______________ _ 

Tim on c ive duty ______ How lon do you exp ct to r ro in in th Navy.!___ 

lndicat th type of duty that mo t n arly ap lies to you at pr sent. 
1. d ck 5. cook 9. instructor 2. engine ring/hull 6. steward 10. r crui 3. lectronics/radio/ 7. m dical/ 11. ordnanc co111Dunicat ions dental 

• 
4. clerical 8. stud nt 12. working out of rte 

Which of the ollowin b std scrib s your f lings towards the Navy? 
1. I want lo get out as oon as po sibl . 
2. I am pr tty sur that the N vy is not for me. 
3. I Ml not ur whether I'll leav the Navy or stay in. 4. I'll probably sty in th Navy pat this nlistment. 5. I definit ly plan tom ke th Navy a car r. 

Indic te how uch schooling you hav had. 

1 . Through 8th rad . 
2. 9-11 y ars 
3. 12 y ars 

4. om college (no degr e) 
5. college graduat (two year d gre) 
6. colleg graduat (four year degr e) 
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1. Some of th t·e ons for joining th Wav (WlltS) ore listed be low. If 
your rea ons are there, pl as indic'at with a ch ck mark that the 
r a on or reasons st ted ar on that influenc d your d cision to join. 
Pl a add any hat were import nt to you if th y are not listed below. 

---
---
---

---

---

1 could r c iv he trainin 1 wanted without the ~xpenbe of civilian life. 

1 could r ceiv ducation that would h ve otherwis b n financially 
impossible. (What kind? ) -----------------------
1 wanted to " • the world" . 

I cold work around a lot of m n, which 1 like: 

I could gt way rom home. 

Th Navy's r tir m nt prog am was very attractiv . 

1 didn't know what to do , nd the Navy sounded okay. 

1 join d because my hu band (fiancc, boyfriend) is in th Navy, 
and we want d to b tog ther. 

Th Navy seemed to offer good opportuniti s for advanc ment in my field. 

I join d because a good fr~ ,. .,,~ c6nvinced me Navy lif was good.• 

I was brought up in a Navy family, so bein a Wav wa a natural for me. 

Th Navy could provid a mor xcit1ng place to do the kind o wor 
I was train d for than would h v b en possibl in civilian lif . 

0th r r asons ------------

2. When you j~in d th Wav s (WIMS), did you expect to be a igned to th S nctuary? 

Y s no oth r ship ---- ---- ---- on land -----
3. Ha your xperience on board match d up with your expectations of hat 

lif would b lik? Could you explain pl as . 

4. Arc thcr any aspects of N vy lif abo rd ship including th ship's physical 

layout tha should b chang d or lt red to make life on bo rd ship b lt r for 
Navy women? \'/hat probl ms would the changes olv? 

Do your ugc s ion!i apply lo th Sanctuary?ycs ___ _ th r hip -------
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5. When foci lities for women are available on board cruisers and carriers , would you lik to be st.it on d ther ? Ye., ____ No ____ _ 
I 

6. Would your ain in th Navy beyond thi~ tour of duty if you w re rea signed from the Snnctu ry o a cruiser or carrier? Y s __ No __ _ 
7. llav you ever be n aboard a cruisct' _, __ ? A carri r___ ? Have you heard much nbout wh t lif is like aboard eith r type ship? 

8. I! th r 1 any thinc aboard crui s rs or .carriers that should b changed befor women becom crew members (b side eparate berthing areas and bathroom faciliti ), what would th t be? 

9. Are you marri d? ______ lf r.ot, do • ou plan to mar y? v s_· __,, _____ _ 
N ar future ----Maybe _____ _ 
Uncertain ----No _....,_ _____ _ If you ar married or ng ged, how does your husband or fiance feel •bout your being aboard hip? 

How would h react if you w re to be station d aboard cruiser or carrier ? 

10 . The following 11 t indicat .. yp s of duty. Som might b dont• better by women, some by m n, and som by eith r wom nor men. Place a!!_ by jobs that you think could best b~ done by a woman; plac an M by those b st don by a man; and plac both Wand M next to thos th t-cou l d b done by ither a woman or a man. 

1. d ck 5. cook 9. in tructor 2. engine ring/hull 6. steward 10. recruit 3. l ctronics/radio/ 7. medical/ 11. ordnance communications d ntal 4. cl rical 8. student 
11. Would you h:ive any difficulty in cc p ing a woman a your i ediate up rior? 

As your x cutiv of fie er? 

12. Pl ns add anythins l that you think mi ht elp u to understand hou ships should or mlcht function with worn n crew mcmb rs board. 

Thank you for your 11 lp. 
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QUESTIONNAIRE NO. 6 

ATTITUDES TOWARD WOMEN ABOARD SHIP 

(MEN Is FORM) 
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This questionnaire is sponsored by the Office of Naval R~search to i~prove 
shipboard hnbitab.;.lity. Your responses will be k pt confident al. and 
information that you give will be used in a general or illustrative way 
but will not identify you specifically. 

Name Age ----------------------- -------
Paygrade -------·--- Ratin8 ----------------
Time on active duty How !ong do you expect to remain in the Navy? ------ ----

Indicate the type of duty that most nearly applies to you at present. 

1. deck 5. cook 9. instructor 
2. engineering/hull 6. steward 10. recruit 
3. electronics/radio/ 7. '-dical/ 11. ordnance 

communications dental 
4. clerical 8. student 12 . workl:lg out of rate 

Which of the following best describes your feelings towards the Navy? 

1. I want to get out as soon as possible. 
2. I am pretty sure that the Navy is not for me. 
3. 1 am not sure whether I'll leave the Navy or stay in. 
4. I'll probably stay in the Navy past this enlistment. 
5. Id finitely plan to make the Navy a career. 

Indicate how much schooling you have had. 

1. Through 8th grade. 4. some college (no degree) 
2. 9-11 years 5. co lcge graduate (two year degree) 
3. 12 years 6. college graduate (four year degree) 
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1: Some of the rea son s for Join irag the Navy are listed below. If your 
rea sons arc there, plet1se ind ica te with a ch .ck mark that the reason 
or reasons stated are ones that influenced your decision to Join. 
Please add any th~t were important to you if they arc not listed below. 

---I could receive the training I wanted without the expense of civilian life. 
___ I could receive educa tion that would have otherwise been financi lly 

impossible. (What kind? _____________________ ) 

I wanted to "sec the world". ---
---I could work with men , which I would refer. 

---I could get away from home. 

___ The Navy's r etirement prog~ m was very attractive. 

___ I didn't know what to do, and the Na y sounded okay. 

---I joined because my (brother, fri end; girlfriend, wife) is in the Navy, 
and we wanted to be together. 

The Navy seemed to offer good oppor tunities for advancement in my field. ---
1 joined becau se a good friend con inced me Navy life was good. 

--- t 

___ I was brought up in a Navy family , so being a sailor was a natural for me. 
The Navy could provide a more exciting place to do the kind of work ---1 was trained for than would hav . been possibl in civilian life. 

Other reasons ------------

2. When you joined the Navy, did you expect to be assigned to the Sanctuary? 
Yes _____ No _____ Other ship _______ 6n land _______ _ 

3. Has your life aboard ship ch,mged since womeri have come aboard as crew? 

4. How do you feel about women be · ng h r e? 

5. Would you tran ~fc r if you could to a ship where there were no women? 

6. Arc there any spaces or 
avai l able only to men? 
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7. Are there any aspects of Navy l ife aboard ·hip includinu the ship ' s 
physical l ayout that should be .changed or altered to accot11Uodate women? 
What problems woul<l thc!,e changes solve? 

8. 

Do your suggestions apply to tvc Sanctuary? Yes ---
The following list indicat i: types of duty. Some might 
by women, some by men, ~ 1d some by either woinen or men. 
that you think could best be done by a woman; place an 
done by a man; and put both Wand H next to those that 
ei tlicr by a woman 'or a man. -

1. deck 5. cook 9. ---2 . engineering/hull 6. steward 10. 
3. electronics/radio/ 7. medical/ 11. 

cormnunications dental 
4. clerical 8. student 

Other ship ---
be done better 
Place a~ by .jobs 

M by those best 
could be done 

instructor 
recruit 
ordnance _ ___,&_ 

9. How would you react if your immediate superior were a woman? 

10. Ho~• would you react if your executive offi.cer were a woman? 

11. Are you married? 
;,,, 

If not, do you plan to marry? Yes · -------Near future ---Haybe ------Uncertain ----No -------If you arc married or engaged, how ~as your wife o~ fiance reacted 
to women being on board? Could you comment on this please. 

12. Are there any Navy traditions that will have to be changed now that women 
arc included as crew members aboard ship? 

13. Plcnsc ;u\d uuything else that you think might ht!lp us to understand how 
slaips shoul<l or might function \dlh women cr~w members nboard. 

Th:rnk you for your help. 
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APPENDIX B 
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FACTS AND OBSERVATIONS DURING THE THREE WEEK SURVEY AND 
DOCUMENTATION TRIP IN SAN DIEGO (OCTOBER 31 • NOVEMB~R 17, 1972) 

FACTS 

The following is an outline of the main events that took place and 
of the work acc011plished during the second survey and docuaentation 
trip to San Diego in October and November 1972. 

Mr. Lawson, of the Office of Naval Research in Pasadena, contacted 
Lt. Deaton of COMCRUDESPAC (destroyers) and Com. Garmus of COMPHIBPAC 
(amphibious ships) who gave us information on the availability of 
ships, contacted the executive officers of the ships selected, and 
sent them teletypes containing the details of our visits. We also 
received copies of these teletypes to aid the officer of the watch 
i n identifying us and accepting our presence on board ship. 

Preceding page blank 
189 



Commander White of the Naval Training Station asked several school 
directors to solicit volunteers for the survey and produced 40 per• 
sons (including four wo11en) of whom 38 w re randomly placed in four 
groups of approximately ten persons each. Each group was led by an 
officer who took attendance, handed out and collected questionnaires 
from the group's envelope and kept the image of authority within the 
survey group . Ihe four groupa were rotated around 13 ships in 13 
days, a total of 52 visits. They filled out questionnaires after 
eating dinner on the ship thoy were surveying. On the fourteenth day, 
the whole survey group rea ODd d to a debriefing showing of slides of 
the ships visited, other ships, and model••• decks (this is discussed 
at length in other aectiona of this report). The ships visited were: 
FOX (DLG), GOMPERS (AD), liOJOO: (DLG), WADDELL (DDG), ow1ms (DD), 
DUiHAM (LKS), TUSCALOOSA (LST), Tli~TON (LSD), OULUTli (LP1>), i.lKK 
(DE) , McCAIN (DDG) , ROAIU< (IE) , and HULL (DD}. 

The following is an outline of a typical day of activities: 
Visit o,u, ship in tha SUl'tJ"lf to c.btain tha foll.oJing data: 

a. Photo1raph , t~ meas deck including wide angle whole rom 
shots (with a 35mm camera and a 21- lens), furniture details, 
sequences through the serving line, etc. Thia was preceded by 
a determination of the color illullination of the ship accordina 
to specificationa on the fluorescent bulbs (white, daylight, 
etc.) which could only be seen after taking apart the light 
fix t ures. Appropriate filters were selected for Ektachrome Eli 
daylight film and compenaationa were calculated from a fluores~ 
cent filter chart by c. w. Jerome, and by using Kodak informa• 
tion of their film and gelatin filters. 
b. P1otograph the meas deck a second time without filters with 
black and white fila, including a standardized light source 
constructed by us for this use. The concept here is that the 
obtained slide, when projected, would include a pre-calibrated 
light aourc , consisting of a calibrated range of transmittance 
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values (an illuminated log neutral density scale), and thus the 
luminance could he determined for any surface in the photograph 
by comparing it with the standard source with a spot photometer. 
c. Detenaine reflectance, hue, value, and chroma for all room 
surfaces as these factors compare to the standardized Munsell 
color and reflectance charts. 

d. Measure the aaount of light falling on various room surfaces 
with a footcandle meter (G.E. DR100•200) by t aking sev~ral ran• 
dom readings for each surface and averaging t hem. 
e. Measure the dimensions of the room and sketch the room and 
its furniture. The overall dimension were approximated due to 
the nwaber of non-uniform bulkhead projecti ons. The dimension9 
to the outside edges of the tables are exact. 
£. Talk to crew members and officers and subjectively obtain 
their environmental and social impres ions. 
g. Have crew members fill out questionnaires. 

Board one ship 1'1i th one s~y group and eat dinner i,ii. ,: 'le: 
a. Measuring the sound levels in various frequencies and bands 
with a B & K sound meter model 2203 with a model 1613 filter. 
b. Measuring temperature and humidity with a standard sling 
psychrometer. (Steps a. and b. were repeated twice, before and 
during the meal.) 

c, Recording any subjective notes on what was experienced on the 
mess deck while in use. 

The survey and documentation work described above was completed at 
the end of the third week. 

OBSERVATIONS 

The ships surveyed were all under ''in•port'' conditions, some having 
just returned from long tours and thus in very strained physical and 
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psychological ahape. The •hips varied in age from a WWII DD to a two 
IIOllth old DE, and in purpoae and construction fro a destroyer tender 
(caapluent 1800 •n) to an u1>hibioua tranaport (coaplaen t 300 11en) • 

S011e had returned fro■ cOlllbat duty juat day■ before our vi■it, other■ 
were training ■hips, while othera had been in port con■tantly except 
for short teat cruise■. 

Soae co111ent on food ia necessary. While di■cuasing ■urvival lev 1 
needa, fo9d certainly ratea higher than th color of the wall■ or 
what kind of chair one is litting on-inetitutional food 1a inatitu• 
tional foodl Also, at first the group was generally enthuaiutic at 
the proapect of visiting a large variety of ships and &Qtting toura 
if they w re early. But later, after the aurvey vi■it■ became rou• 
tine and moet types f ship■ had be.:an viaited once, this faacination 
wore off. 
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SUMMARY DOCUMENTATION OF MESS DECK ENVIRO lENT: SHIP NO. 21 

1. COLORS Material and Refl ctance Hue VAlue/Chroma f-c 

Side Wall 
End Wall 
Floor 
Tables 
Ceiling 
Chairs 

Panels WG 
Bulkhead 
Tlle 
Formica 
Bulkhead 
Lam Wood 

w 
w 

2. CONDITIONS AT EVENING MEAL (Measurements 20 rninutes apart) 

Sound 1. 
Temp/Hum 1. 

3. DIMENSIONS 

Tables 
Count 
Length 
Width 

2man 

dBA 
°F %RH 

4man 
14 

6man 
5 

3'9" 5'9" 
2'6" 2'6" 

2. 
2. 

dBA Music 
°F %RH 

8-+1nan 

0v rall 
Chafrs 

Size 16 '4" fore/aft 28 '4" side/ ide 
wide column typ Ceiling height 6'4" 



SUMMARY DOCUMENTATION OF MESS DECK ENVIRONMENT: SHIP NO. 22 

1. COLORS Material and Reflectance Hue Value/Chroma f-c 

Side Wall Panels lr«; 7.75 5YR 4/4 8 
End Wall Bulkhead 8.00 5YR /2 2 
Floor Tile 7.00 lOYR 7/8 10 
Table Form ca 8.75 2.5Y 8.5/6 18 
Ceiling Ar.ous Tile 9.50 2 
Chairs Plastic 8.25 SR 5/12 

2. CONDITIONS AT EVENING MEAL (Measurements 20 minutes apart) 

Sound 
Temp/Hum 

3. DIMENSIONS 

Tables 
Count 
Length 
Width 
Overall 
Chain 

l. 67 dBA 
1. '76°F 50%RH 

2man 
3 

4man 
7 

6man 
4 

3'6" 3'6" 5' 6" 
2' 2' 2' 

2. 68 dBA Music soft 
2. 77°F 55%RH 

8+man 

Size 22 '9" fore/aft 16 '8" side/side 
20" wide tacking type Ceiling height 6'1" 
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SUMMARY DOCUMENTATION OF MESS DECK ENVIRONMENT: SH NO. 23 

1. COLORS teri 1 and Refl tance Hue V lue/Chro f-c 
Side Wall Panels WG 5.50 7.5YR 6/8 11 End W 11 Bulkhead a.so 5GY 9/2 12 Floor Tile 8.25 lOY 8/2 12 T bles Formica a.so SY 8.5/4 17 C iling Bulkhe d a.so 7.5Y 8.5/4 5 Chairs Plastic 4.50 5GY 5/4 

2. CONDITIONS AT EVENING MEAL (Measurements 20 inutes apart) 

3. 

Sound 
Temp/Hum 

DIM2NSIONS 

Tables 
Count 
Length 
Width 

1. 72 dBA 
1. 70°F 60%RH 

2man 4man 
14 

3'9" 
2'6" 

6man 
5 

5'9" 
2'6" 

2. 74 dBA Music loud 
2. 77°F 40%RH 

8-+uan 

Overall Size 16 14" fore/aft 28 '4" side/ side C airs 15" wide stacki g type Ceiling height 6'4" 

I ' I I I I I I I I I I 

'. l 
"' : I, I I ' I 

: I I I 
S1 lr11J ng l : , S-t o ·1 

1 

_ fflllH 
, : i 11 ; • m 1 I l 

' 
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SUMMARY DOCUMENTATION OF MESS DECK ENVIRONMENT: SHIP NO. 24A 

1. COLORS Material and Reflectance Hue Value/Chroma f-c 

Side W 11 Panels WG 1.00 7.5YR 5/2 2 
End Wall Panels ~ 8.25 5YR 6/4 4 
Floor Ti.le 9.00 lOYR 4/2 6 
Tabl s Formica a.so 2.5CY 6/4 
Ceiling Acou Tile 9.50 2 
Chair Plastic Met 8.25 Black 

2. CONDITIONS AT EVENING MEAL (Measurements 20 minutes apart) 

Sound 1. dBA 2. dBA Music 
Temp/Hum 1. OF %RH 2. OF %RH 

(Did not eat on this deck) 

3. DIMENSIONS 

Tables 2man 4ma 6nan 8-+man 
Count 4 5 6 
Length 3 ' 9' 5'9" 7'9" 
Width 2'511 2'5" 2'5" 
Overall Si e 36'5" fore/aft 20' 511 side/ ide 
Chairs J7" wide stacking type Ceiling height 6'1011 
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SUMMARY DOCUMENTATION OF MESS DECK ENVIRC T: SHIP O. 24B 

1. COLORS Mat rial and Reflectanc Hu Valu /Chrom f-c 
Side W 11 
End Wall 
Floor 
Tables 
Ceiling 
Chait's 

Pan ls 
Graphics 
Tile 
Formici 
Acous ~•11 
Plastic Met 

8.75 
6.25 
9.25 
8.75 
9.50 
8 . 25 

w 
7.5R 

w 
7.5R 

Black 

5/12 

4/12 

5 
4 
9 
9 
2 

2. CONDITIONS AT EVENING MEAL (Measurements 20 minute apart) 
Sound 1. dBA 2. 
Temp/Hum 1. °F %RH 2. 

_ (Did not eat on this deck) 

dBA Music 
°F %RH 

3. DIMENSIONS 

Tables 2man 4man 6man 8-+man Count 5 l 6 5 Length 2 ' 6" 3'9" 5'9" 7'9" Width 2 ' 6" 2' 5" 2'5" 2' 5" Overall Size 36 ' 5"fore/aft 20 ' 5" side/ side Chairs 17" wide stacking type Ceiling height 6 ' 10'' 

-·-· - -·-·-
' . - .. ~ -

. j_ ' -
•- • ' I - I • - I - • - • 
• -•-+ -· , _ . • 1-. 

, ·-•-t 
I I ' I 

' Sr. 1. 

'½ 
1111 I I ' I 
I I 

I 

• • • t 

:: b 
a o 

I I 

• • • - ◄ t 
I 

I 

' I 
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SUMMARY DOCUMENTATION OF MESS DECK ENVIRONMENT: SHIP NO. 24C ,D 

1. COLORS Material and Reflectance Hue Value/Chroma f-c 

Side Wall Panel WG 7.50 SYR 5/8 1 
End Wall Fal e Brick 4.75 SY 9/2 3 
Floor Brick Tile 6.75 7.5R 4/6 6 
T bles Fornlica WG 8.75 2.5Y 8.5/4 6 
Ceiling Acous Tile 9.50 1 Chairs Plastic Het 8.25 Black 

2. CONDITIONS AT EVENING MEAL (Measurem nt s 20 minutes apart) 

Sound 1. 72 dBA 2. dBA Music 
Temp/Hum 1. 73°F 45%RH 2. OF %RH 

3. iJIMENSIONS 

Tables 2man 4man 6man 8+man 
Count 6 7 11 
Length 3'9" 5'9" 7'9" 
Width 2'5" 2'5" 2' 5" 
Overall Size 24'(C) fore/aft 11 '6" side/s:fde 
Chairs 1711 wide stacking type CE:iling height 6' 10" 

I I I 
I I ! 

I I 
I I I I 

' t 
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SUMMARY DOCUMENTATION OF MESS DECK ENVIRONMENT: SHIP NO. 25 

1. COLORS Material and Reflectance Hue Value/Chroma f-c 

Side Wall Panels 
End Wall Bulkh ad 
Floor Tile 
Tabltis Formica 
Ceiling Bulkhead 
Chairs Pads 

6.50 
9.25 
a.so 
8.25 
9.00 
1.00 

5GY 
w 

2.SGY 
7.5YR 

w 
2.5YR 

6/6 

7 /2 
6/12 

3/4 

15 
12 

8 
18 

2 

2. CONDITIONS AT EVENING MEAL (Measurements 20 minutes apart) 

Sound 
Temp/Hum 

1. 75 dBA 
1. 77°F 40%RH 

2. 74 dBA Music none 
2. 79°F 60%RH 

3. DIMENSIONS 

Tables 2man 4man 6man 8+man 
Count 8 8 
Length 3 ' 7" 3'7" 
Wid~h 1'4" 2'1" 
Overall Size 17 ' 7" fore/aft 27 ' 7" side/side 
Chairs 3 ' 3" wide bench type Ceiling height 5'10" 

. t -
I ,- I I 

i i ·J t . I • 

-l I 
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SmtiARY DOCUMENTATION OF MESS DECK ENVIRONMENT: SHIP O. 26 

1. COLORS Material and •flectance Hue Value/Chroma f-c 

Side Wall Panels WG 9.00 SYR 4/4 10 
End Wall Bulkhead 7.75 7.SYR 5/8 4 
Floor Tile 8.25 w 10 
Tables Formica 9.00 SY 9/2 20 
Ceiling Acous Tie 8.75 4 
Chairs Pads 8.75 5YR 5/6 

2. CONDITIONS AT EVENING MEAL (Measurements 20 minutes apart) 

Sound 1. 59 dBA 2. 61 dBA Music none 
Temp/Hum 1. 75°F SO¾RH 2. 75°F 50%RH 

3. DIMENSIONS 

Tables 2man 4man 6man 8+man 
Count 7 12 
Length 3'8" 5'8" 
Width 2'3" 2'3" 
Overall Size 34'10" fore/aft 29 '4" side/side 
Chairs 17n wide column type Ceiling height 6'5" 
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SUMMARY DOCUMENTATION OF MESS DECK ENVIROOMENT: SHIP NO. 27 

1. COLORS Material and Reflectance Hu Va lue/Chroma f-c 

Side Wall 
nd Wall 

Floor 
Tables 
Ceiling 
Chairs 

Panels WG 
Panels WG 
Tile 
Formica 
Acous Tile 
Plastic. 

8.50 
8.50 
8.75 
9.50 
9.00 
8.25 

lOYR 
lOYR 
lOY 

w 

5PB 

8/2 
8/2 
9/2 

5/10 

3 
4 
5 
9 
2 

2. CONDITIONS AT EVENING MEAL (Measurements 20 minutes apart) 

Sound 
Temp/Hum 

1. 71 dBA 
1. 78°F 50%RH 

2. 70 dBA Music 
2. 81°F 50%RH 

3. DIMENSIONS 

- -

' -
-
-

- -
- +-

_,_, 

- -· 

1-

I, --

,-. ·-
-1-

,_,__ 
- ~-

2man 4man 
21 

3'6" 
2'3" 

6man 8-+man Tables 
Count 
Length 
Width 
Overall 
Chairs 

Size 25' fore/aft 
15" wide floor type 

27' side/side 
Ceiling height 6 ' 6" 
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SUMMARY DOCUMENTATION OP MESS DECK ENVIRONMENT: SHIP NO. 28 

1. COLORS Material and Reflectance Hue Value/Chroma f-c 

Side Wall Bulkhead 
End Wall Panels WG 
Floor Tile 
Tables Formica 
Ceiling Acous Tile 
Chairs Plastic 

9.00 
7.50 
9.00 
8.75 
9,50 
9.00 

lOGY 
7.5YR 

w 
5YR 

9/2 
5/4 

3/2 

8/4 

6 
6 

20 
24 
6 

2. CONDITIONS AT EVENING MEAL (Measurements 20 minutes apart) 
Sound 
Temp/Hum 

3. DIMENSIONS 

1. 62 dBA 
1. 7 4 °F 60%RH 

2man 4man 
10 

6man 
12 

3'9" 5'8" 
2'2" 2'2" 

2. 6J dBA Music none 
2. 7:l°F 55%RH 

8+man 
Tables 
Count 
Length 
Width 
Overall 
Chairs 

Size 21'4" fore/aft 53'4"· side/side 
20" wide stacking type Ceiling height 6'5" 
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SUMMARY DOCUMENTATION OF MESS DECK ENVIRONMENT: SHIP NO. 29 

1. COLORS Material and Reflectance Hu a Value/Chroma f-c 

Side Wall Bulkhead 
End Wall Panels 
Floor Tile 
Tables Formica 
Ceil ing Acous Tile 
Chairs Metal Plas 

8.75 
9.25 
8.25 
8.25 
9.25 
8.50 

w 
7.5Y 

5GY 
5YR 

7. 5YR 

8.5/4 
4/4 
6/4 

5/10 

7 
9 
6 

10 
2 

2. CONDITIONS AT EVENING MEAL (Me;:isurements 20 minutes apart ) 

Sound 
Temp/Hum 

1. C? dBA 
1. 71 °F 50%R1:i 

2. 69 dBA Music 
2. 71°F 50%RH 

3. DIMENSIONS 

Tables 2man 4man 6man 8+man 
~u~ 17 
Length 6' 
Width 2' 6" 
Overall Size 36' fo re /aft 31'6" side/ s ide 
Chairs 1611 wide stacking type Ceiling neight 6 '811 
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SUMMARY DOCUMENTATION OF MESS DECK ENVIRONMENT: SHIP NO. 30 

1. COLORS Material and Reflectance Hue Value/Chroma f-c 

Side Wall Panels ~ 8.00 7.SYR 5/6 4 
End Wall Bulkhec1d 7.75 lOR 3/6 2 
Floor Tile 9.00 5G 4/6 6 
Tables Forpiica 8.50 lOYR 2.5/1 10 
Ceiling Plastic Grid 2 
Chairs Plastic 8 . 25 lOYR 7 /8 

2. CONDITIONS AT EVENING MEAL (Measurements 20 minutes apar) 

3. 

- -
I 

-r--r-

-

' ' I I I 

I 
. . - I 

Sound 
Temp/Hum 

DT.MENSIONS 

Tables 
Count 
Length 
Width 
Overall 
Chairs 

-
I 

-
I 

1. 67 dBA 
l. 73°F 55%RH 

2man 4man 
12 

3'8" 
2' 2" 

6man 
4 

5 ' 8" 
2' 2" 

2. 67 dBA Music none 
2. 74 °F 55%RH 

8+man 

Size 20 ' 4" fore/aft 24'7" side/side 
2011 wide s t acking type Ceiling height 6 ' 5" 

I I I ! I 
I 
I 
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SUMMARY DOCUMENTATION OF MESS DECK ENVIRONMENT: SHIP NO. 31 

1. COLORS Material and Reflectance Hue Value/Chroma f-c 

Side Wall Bulkhead 8.75 5BG 9/1 15 
End Wall Bulkhead 8.75 5BG 9/1 4 
Floor Tile 8.25 lOYR 7 /2 12 
Tables Formica 9.25 w 21 
Ceiling Bulkhead 8.75 5BG 9/1 4 
Chairs Pads 8.25 2.5Y 7 /6 

2. CONDITIONS AT EVENING MEAL (Measurements 20 minutes apart) 

Sound 1. 71 dBA 2. 70 dBA Music 
Temp/Hum 1. 73°F 45%RH 2. 71 °F 70%RH 

3. DIMENSIONS 

Tables 2man 4man 6man 8+,nan 
Count 14 2 
Length 3'6" 5'6" 
Width 2' 2 ' 
Overall Size 27 ' 10" fore/aft 15'5" side/side 
Chairs 17" wide column type Ceiling height 6'4" 
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SUMMARY DOCUMENTATION OF MESS DECK ENVIRONMENT: SHIP NO. 32 

I 
I 

1. 

2. 

3. 

I , 

COLORS Material and Reflectance Hue Value/Chroma f-c 

Side Wall Bulkhead 8.75 lOGY 8.5/1 18 
End Wall Bulkhead 8.75 lOGY 8.5/1 14 
Floor Tile 9.00 SG 4/6 16 

, Tables Formica 8.75 w 26 
Ceiling Bulkhead 9.25 lOY 9/1 4 
Chairs Metal 6.50 SB 3/4 

CONDITIONS AT EVENING MEAL (Measurerr.ents 20 minutes apart) 

Sound 1. 74 dBA 2. 72 dBA Music 
Temp/Hum 1. 76°F 45%RH 2. 75°F 45%RH 

DIMENSIONS 

Tables 2man 4man 6man 8+man 
Count 12 3 
L ngth 3'5" S'S" 
Width 2' 2' 
Overall Size 20' fore/aft 24'2" side/side 
Chairs 16" wide column type Ceiling height 6'9" 
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SUMMARY DOCUMENTATION OF MESS DECK ENVIRONMENT: SHIP NO. 33 

1. COLORS Mater i al and Reflectance Hue Value/Chroma f-c 

Side Wall Bulkhead a.so 10B 8/4 12 
End Wall Curtain 7.5GY 6/8 6 
Floor Tile 9.00 lOYR 4/2 10 
Tables Formi a 9.25 w 22 
Ceiling Plastic Grid 3 
Chairs Plastic 9.25 SY 8/10 

2. CONDITIONS AT EVENING MEAL (Measurements 20 minutes apart) 

Sound 1. 74 dBA 2. 75 dBA Music 
Temp/Hum 1. 75°F 60%RH 2. 76°F 60%RH 

3. DIMENSIONS 

2man 4man 
11 

6man 
6 

3'5" 5'5" 
2' 2' 

8+man 
·-

Size 19 '3" fore/aft 28' 8" side / side 

Tables 
Count 
Length 
Width 
Overall 
Chairs 15" wide stacking type Ceiling height 6'3" 
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