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Measurement of Ilabitabilil :y

E. K. Eric Cunderson , Ph.D. ,1 and B. W. McDonald , Ph.D. 2

Dr. McDonald and I ~ill describe a series of studies in which ;•ze are

attempting to develop quantitative approaches for evaluating and compa ring

human environments. These are natural or realistic environments in the sense

that people actually live in them. The primary focus of the study is on the

living and working environments of Navy ships. Ship habitats have certain

unique features , such as involving the individual twenty—four hours a day and

encompassing all of his activities, including work, recreation, sleeping and

eating. Furthermore, the periods of inhabiting the shipboard environments are

rather long. Sailors spend from six to eight months aboard these ships during

overseas deployments with only short, intermittent stops ashore. Thus, they

may be confined entirely to these habitats for several weeks at a time.

Ships are natural ecological units in the sense that diets, water supply,

climatic conditions, and inf ectious agents that might affect health and we].l—

being are common to inhabitants of these communities. Also, ships provide

handy experimental units in that th~y have similar missions, crew compositions,

organizational structures, and living conditions and, thus, provide replicated

units for statistical analyses; experiments can be repeated over a series of

ships.

The research that I am going to describe briefly is a large—scale project

Presented to the California Council of the American Institute of Architects,
Conference on Habitability, Monterey, California, November 1973.

~Head, Epidemiology and Operational Psychiatry Division, Navy Medical
Neuropsychiatric Research Unit, San Diego, California 92152.
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Cundcrson—flcDonald - . 2

concerned with environmental , organizational , and social stresses that affect

health and behavior. The present discussion will be limited prima rily to the

environmental stresses or habitability features of the ships studied . This

work arose out of earlier studies which involved several combat ships deployed

overseas. We found that illness rates among these ships were quite different,.

even though the ships were similar in type, size, mission, etc. Illness rates

varied from ship to ship in a ratio of 2 to 1 in certain instances, and we had

no way of explaining these differences in terms of attributes of the ships;

the composition of the crews, operational missions, medical facilities, and so

on, tended to be similar. We were led to hypothesize that differences in both

the physical and the social environments might account for the large differ-

ences in illness and accident rates observed. Therefore, we initiated a new

research project supported by the Navy Bureau of Medicine and Surgery and the

- Office of Naval Research to test the general proposition that illness and

accident rates and job attitudes could be explained to some degree by differ~

encés in ships’ environmental and organizational characteristics. 
- 

The first

yeài of this project was a pilot study oriented toward developing research 
-

in~fñm~iité and testing them ~rior t~ conducting a maj or study. A number of

reiéüch instrumenü wéré d~vLsed and tried out on 13 ships and approximately

l,20G crew members. Some of the earliei results suggested that we might be on 
- -

the righ t tric1~ - When we ~1otted the 13 ships on two factors , illness rate and

meaL job. -satisfaction , the- three ships with the most - extreme scores differed

maz~ed1y in their operational characteristics during overseas deployments.

One ~ I~ij had a malor fi~e, the second ship burned and-sank,. and the third ship
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Cunders on—McDona~1d . 3

had a bloody race riot. This type of critical incident information, while

merely suggestive, encouraged us in the ~~pcctation that there might be

important factors in the organizational structure and functioning of these

ships that accounted for breakdo~rns in their performance.

The current study involves 20 Navy combat ships and approximately 5,000

crew members. Broadly, we are concerned with all the features of the ship-

board environment that affect illness and accident rates , j ob performance , and

job satisfaction or morale. Research methods include questionnaires, inter-.

views, rating forms and checklists, observational methods, ships’ records, and

personnel and medical data . Three sources of information pertain specifically

to the evaluation of the habitability features of the ships. The Ships

- .  Evaluation Form is a checklist that contains a long list of specific environ-

mental characteristics of the ship. A research staff member systematically

• inspects the ship and enters a].]. pertinent information regarding specific

- features of sleeping areas , sanitary facilities, messing areas, and recreational

~areas or lounges. He records such things as the square feet of floor space;

• the number, type and arrangement of all fixtures in these spaces , including

- bui’Jcs; :]ockers, privacy- panels, etc.; :the type - of lighting and wall colors, and

the- conditions of cleanliuess~and - neatness in-these spaces. --Although we-are

- -unable to make detailed measurements.o~ noise-and heat, disturbing noise con—

:ditions and- extremes .of.temperature are noted by the trained observer. --We - -  -

~tttempt to’ identi fy in- a rough way the most-extreme deviations in environmental

- ~~anditions. - At- the same -time-- that-the: observer-inspects-the varioue:spaces on

• ~the- ship, he photographs ail.of..the same spaces. fouowing:a pxesc~ib~d et
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of procedures he obtains photographs that provide a visual record of the same

spaces that were surveyed and rated. This photogra phic survey method has

certain interesting possibilities that we are trying to exploit further.

First of a].]., in sorting and examining these photographs and comparing them

across ships we found that it was possible to develop rough scales repre-

senting various degrees or quantitative levels of environmental quality. We

are extending the range of conditions included in these photographic scales

by going to other ships in the fleet to find some extremely poor conditions as

veil as extremely good conditions which gives us a wide—range of differences

in habitability status. We can utilize these scales as standard stimulus

reference sources and have judges compare photographs from any specific ship

with the sets of standardized photographs. These judgments can provide

quantitative descriptions of particular environments. -

The third major source of habitability information in these studies is a

questionnaire survey method which includes approximately 150 specific items

that the crew members themselves fill out. This procedure provides crew

members’ perceptions of the same spaces that were previously evaluated by

trained research staff on such dimensions as crowding, privacy, lighting,

color, temperature, noise, recreational facilities , etc. One of our concerns

is to compare the objective assessments of the environment, as provided by~~
: observers’ ratings and photographic records, with the perceptions of the crew

members who ac tually use the spaces. Generally, c:ew members’ perceptions tend
-

~ to agree quite well with the observations recorded by the trained staff. There

are some dimensions on wldcl’ ~agreement is not very good , however. We feel that

- -. - 
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Gundcrson—McDonald . 5

under controlled circumstances and using certain dimensions crew members’ per-

ceptions are good and valid reflections of the objective properties of the

environment; on other dimensions crew members’ perceptions may not be accurate

estimates of environmental characteristics. Because crew members’ perceptions

are easy and quick to obtain they provide a simpler, more economical method of

environmental assessment than surveys by trained researchers .

Before conducting environmental assessments on a large—scale, it seems

important to determine what sources of data are valid and to establish methods

for achieving an adequate consensus as to important features of the environ-

ment. In demonstrating the use of these methods in comparing environments, I

would like to sample data obtained from two ships in our current study. These

ships were not selected at random but rather because they were quite different

• and provided consistency of data from various sources. Observers in going

through these two ships took measurements of the square feet of floor space

in the berthing compartments and counted the bunks, lockers, chairs and tables

- in each space. From these simple and direct measurements we were able to

• derive indices relevant to differences in habitability and environmental quality.

- For example, we can consider the gross square footage per m an within the

berthing compartments on one ship, Ship A, which was l4~ square feet per man

— as compared to 16~j square feet per man on the other ship, Ship B. However, the

most important factor in this coaqm rison was that Ship A bad much more effec—

tive use of its floor space in that 25—5~~ of the space was open and free of

fixtures , bunks , etc., while Ship B had less than 25Z of the berthing space

- 

• 

- and sleeping area s as opfifl , free space. The men on Ship A percei ved thei r

I
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Gunderson-McDonald - 6

berthing compa rtment as less crowded titan the men on Ship B. The messing area

on Ship A provided about 5~ square feet per man versus approximately 2—1/5

square feet per man on- Ship B. This discrepancy suggests that the crew

members on Ship B with much less messing space available would stand in line

longer and experience much more frustration and dissatisfaction with the

messing facilities than men on Ship B; this indeed was the case. Ship A had a

comfortably furnished and fairly pleasant lounge area whereas Ship B had no

lounge at all. Although a number of small areas were designated as lounge

areas on Ship B, these consisted of perhaps a table and two chairs or sometimes

a TV set and nothing more. There were also many other differences with respect

to recreational facilities. For example, the number of books and magazines

and the storage available for recreational supplies, were quite different on

the two ships. These differences were clearly reflected in the crews’ per-

ceptions of the diversity and adequacy of recreational facilities. Using the

photographs of the two ships as stimulus sources, Ship A was generafly rated 
-

by the authors as more 
- 

orderly, clean, pleasant and attractive than 
- 
Ship B.

The above examples provide an introduction to the kinds of measurements 
- -

that we are making, and I have indicated major differences ~~~~~n 1 o  hips

of the destroyer type which were deployed overseas and operational, at the time
- ; of the testing and observations. For these two ships there was a high degree 

-

of consistency in the physical evaluations and measurements made by _re~ea~ç~
sta ff and the perceptions of crew members who inhabited these spaces. 

- .

I would like now for Dr. McDonald to contirn e and t9 descr in more

detail shipboard environments and to use photographs to illustrate the kinds
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Cunderson—McDonald - 7

of environments we are talking about.

Dr. McDonald: Some of the environments that you h ave seen earlier today,

such as those presented by Dr. Ilaynes, are quite different from the types of

environments that we are talking about , and I hope that I can illustrate some

of the differences for you. Secondly , I would like to discuss further some of

the tools we are using and the types of differences that we have attempted to

measure. Finally, I would like to show you a questionnaire that Dr. Cunderson

and I have developed during the past few days for your use in evaluating the

buildings that you design. We would like to hand these out to you and achieve

two things: (1) obtain your reactions to the questionnaires and (2) try to

talk you into using this questionnaire or one like it on an experimental basis.

I’m going to show you a number of slides of the living and working con— - 

-

ditions of some of the ships in our study, and I will describe these conditions

for you as I show the slides. Remember that these are actual conditions,

usually photograph~~ without notice. First , I would like to show you sanitary

facilities that are typical of some of the ships in our sample. This particu-

lar ship has less satisfactory or less acceptable conditions than some of the

others. This is a restroom area with some of the lavatory facilities where men

shave in the morning , and this area serves a fairly large number of men. The

- sinks are of stainless steel because they are easy to keep clean , and they -

don’t break when the guns are fired which is very important. As you can see,

there are some very untidy conditions and this is one example. On the other

- band, in the next slide we see a very satisfactory sanitary facility with

stainless steel sinks, a large mirror, and an enclosed panelling. However, the

I
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Cundcrson—McDunald • 8

mirror shatters when the guns go off, and this is less than desirable.

Desi gning eitvi ronments for these ships , particularly sanitary facilities,

presents a number of difficulties because they should be acceptable to the

personnel using them and should withstand the type of treatment they will

receive. Also , in this area there is the problem of odors which may be

unpleasant and difficult to eliminate. I will show you anoth er sanitary

facility which is very satisfactory ; it is clean , neat; and the fixtures do

not break.

I would like to show you a typical messing or eating area , although this

one is slightly better in some respects than the average. The chairs are

fixed so that they don’t slide and tables are bolted to the floor but they do

have the ability to swivel. Typically in these areas , movies will be shown in

the evenings in addition to their use for eating during ntealtimes. The fix—

turee have to be very stable and in the past chairs usually were bolted to and

facing the tables, but this made it very awkward for the audiences to view

rnov1~es, - Here is. an example of a -different type of arrangement which is quite

icc~eptable - and nice in appearance. — It has independent tables , swivel chairs ,

beat~itifu].:table-cloths;:and is -clean and easy to maintain.

snave Here is-another messing facility aboard a different ship which is much

mqre -difficult-to maintain.~ Tables and chairs are movable, but the ship is

1~a~ge ari4,. therefore , Iixtures can move about more easily. Larger ships can

ap*~anq4ate fixtures ichich si±de -about -while the smaller ships, such as

-4 troyer~ç cani~et.~~-~The 3dghting -t~vel”in this space is less than one m ight

q~~s~4er aceeptabl,e in. spitenf -the- -fact that there are dozens of pictures and

the general decor is attractive.

I
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Thi s is an Officers ’ Mess. Conditions are somewhat different in that

this is a panelled room with overhead or false ceilings which we did not see

in other areas, and there is linen and silver—plated flatware an the table.

Enlisted messing faciliti es had exposed wires and lighting and less att ractive

arrangements. 
-

I should like now to direct your attention to the sample Architectural

Evaluation Questionnaire which has been distributed to you. This is not

presented as a well—constructed , valid instrument —— far from it — but it is

offered in an attempt to demonstrate that even a brief and simple questionnaire

might provide some useful feedback from those who use a particular environment,

such as a building or office space , with respect to specific environmental

features that affect the individuals concerned. It is our impression that

architects and environmental designers or engineers rarely obtain any kind of

detailed or systematic evaluations from those who actually use or inhabit their

products. As behavioral scientists we fe’l that not only extraterrestrial

space vehicles and Navy ships should be functionally evaluated in terms of

their inhabitants’ perceptions and experiences, but that business offices,

bases, and-oth er types of structures might be examined in similar fashion.

Buildings, offices , and ships are settings - for - human behavior -which to some

extent determine human efficiency and - satisfaction , and we should ask with

greater urgency than ever: Are these behavioral settings well—suited -to the

people who inhabit them? One relevant , and -usually neglected, source of infor-

mation is -the -perception of-the-user. - 
- :- - - - 

- 
- :- - - - 

- 
- -

.

-Ou r knowledge of environments, how - they vary, and how they affect human

behavior-is still verrliaited. We need more information about psychological

- 
- 

reactions to environments and how envi ronments attract (or repel) and shape

the bchavior of people who inhabit them. 
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