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CONCEPTS FOR THE GENERATION , COMMUNICATION
AND EVALUATION OF HABITABILITY CRITERI A

1 INTRODUCTION

Bac~~rou nd

According to AR 415-20 ,’ one of the res pons i bil i t ies of the Off i ce
of the Chief of Engineers (OCE) is to develop , ma i ntain , and prom u lgate
architectural and eng ineering design criteria for use in providing the
Department of the Army with constructed faci l i t ies .

C r i t e r ia mus t  be responsible to user requirements in order for
effective facilities to result from their application. Thus , develop-
ing , maintaining, and promulgatin g cr i teria are key facto rs in ach i ev i ng
bu ildings which effectively support the mission , funct i ons , and opera-
tions of the using organizations as well as the health , safety , morale ,
and performance of the people who occupy them .

Because the responsiveness of facilities constructed by the Corps
of En gineers to user requirements depends on the Army ’s design criteria
and the procedures for their development and application in Mili tary
Construction-Army (MCA) cycle activities , OCE issued a Quality Con-
struction Requirement (QCR 1.01 .012, 19 November 1974) calling for the
development of procedures to generate , evaluate , and commun i cate cr i ter i a
so that responsiveness to user requirements is assured .

Objec t ive

Th is report is part of a study designed to respond to QCR 1.01 .012.
The main objectives of this study are (1) to understand and list rela-
tionships between personnel requirements and architectura l requirements
(these relationships are referred to as habitability relationships) and
(2)  to develop procedures for implementing these relationships in cr i ter ia
generat ion , evaluation , and commun ication as well as in related MCA-
cycle •ictiv ities .

The purpose of th i s repor t i s to docu ment work perfor med to date on
habitability procedures. The products o~ this work are concepts about
generatinq , eva luating, and communicating habitability criteria and
about the place of the se act iv i t ies within the Ar my ’s ongoing facility
del ivery and use process. These concepts are expected to foriii the basis
for future work in this area .

AR 415— 20 (Department of
the Army , 1974).
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App roach

The overall study approach involves three phases : (1) gaining a
more thorough understanding of the problem and for mulat i ng concepts
for meeting the study objectives , (2) develop ing and testing solutions
based on the concepts , and (3) implementing those solutions whic h the
tests show to be e f f e c t i v e, efficient , and economical . The work pre-
sented in this report completes the first phase of this study .

6
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2 DEFINITION OF TERMS

Several terms used in this report have been given specific opera-
tional iiean ings. To clarify their use , definitions are presented below :

Cri te ri a : state ments inferre d from requir ements wh i ch for m the
basis for deter m ining whether a purported solution sat is f ies those
requirements.

/ ~~~~~ are those cr i ter i a tha t state or i mp ly
relat ionships between facilities and pe’rnle or organization s.

~~‘yI~~~~~~~~ I~~~~ ~~~~~~~~~ is the process by which cri teria are
established.

~~‘~~I~~~~~1Ipf ; 3o1~rninication i s the med i um format fo r docu ment i ng
and retrieving established criteria.

Commentary : statements that describe the rationale used in es-
tabl ishing a criterion . Such things as why a criterion was selected ,
why a particular limiting value of a measure was chosen , and why satisfy-
i ng the c rit eri on w i ll also sat i sfy the requi rement are i nclu ded i n
these state men ts.

Effec ti veness: the deg ree to wh i ch a des i red effect i s ac tuall y
produced or achieved .

Evaluat ion: the process of judging or determining the quality of
somethi ng .

~~~~~~~~ . ‘. : ~ z~- /  ~‘: i s the systemat i c process of determining
how effect ively criter ia yi el d bui lt solutions wh i ch sat i s fy require—
ments .

!~z,Y [~ ~~~~~~~~~~~~~~~~~~~~~ is the process of determining the quality
of a facility based on conformance wi th the criteria established for it.

~~~~~~~~~~ ~~1I~~~~ 1II~~ are the step—by—step methods used in
evalua tion.

Gu id ance: adv i ce regard ing the app li cat i on of cr iteria in fac i li ty
planning, design , or operation .

Hab itability : the condition of being habitable expressed in terms
of a col l ection of relationships that should exist between a constructed
env ir onme nt and i ts i nha bi tants.

Needs: basic or fundamental goals.

are goals sought by human beings, such as health,
safety , securi ty , task performance , and sat i sfact ion.

7
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~I z ~~: , : ; : : I . ~z ~~~~~ are goals sought by organizations , such
as mission performance (efficiency and effectiveness), and econo my.

Objectives: qual i ta ti ve or quant i tat i ve state ments of the ai m s
of organizations , groups, or individuals. Objectives are subsets of
goals and are more specific than goals.

Re1at ion~~jp: any aspect or quality identifying how two or more
things are connected , s uch as di rect i on , similarity , causality , intensity ,
frequency, correlation.

~ - :~-~h/;’ are relat ionships which identify
how properties or attributes of built facilities are related to prop-
erties or attributes of organizations , groups , or i nd i v id uals.

Requ i rements: qualitative statements of objectives for facilities.
In performance langua ge they are def i ned as statements of discrete technical
need or expected results for a facility.

~~~~~~ : ! . /~ ~~~~~~~~~~~~~~~~~~~~~~~ are facility objectives which relate
objectives of organizations , groups , or individuals to built facilities .

8
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3 BACKGROUND CONSIDERATIONS 
/

Before criteria generation , communication , and evaluation can be
discussed in detail , three factors must be considered : (1) the inter-
actions between the facility delivery and use process and the process of
criteria generation , communication , and evaluation; (2) the dispersion
of habitability criteria among existing criteria classifications ; and
(3) the role of habitability criteria in the facility delivery and use
process. The concepts about habitability criteria generation , communica-
tion , and evaluation presented in subsequent chapters have been formu-
late d based on these three considerations.

Interac tio ns Between the Two Processes

The dynamic process of facility delivery and use has been simpli-
fied for this discussion into six elements : master planning, construc-
tion programming , project development , design , construct ion , and occu-
pancy . Figure 1 depicts the process as the rim of a wheel to show its
cycl ical nature . The process of criteria generation , commu ni cat i on , and
evaluat ion is represented as the spokes and hub of the wheel . These two
processes a re not i ndepend ent , but have many i nte ract i ons w ni ch enable
the c riter i a generate d to be effect i ve i n p ro ducin g fac i l i t i es wh i ch
meet user requirements . The major interactions are discussed in the
follow ing sec t ions .

‘ 1~~ a

Since criteria are inferred from requirements , requirements m u s t  be
formulated prior to criteria generation. User requirements are the
basis for many criteria. Locally specif ic user requirements , which
provide the basis for some criteria , st em from the project development
segment of the delivery and use process (solid arrow in Figure 1). User
requirements which are generalized across facilities and populations of
use rs (assu med fo r the m ) form the bas i s fo r other cr i ter i a. Th i s i s
shown as part of criteria generation in Figure 1. Generation of re-
quirements is discussed further in Chapter 4, while criteria generation
is described in Chapter 5.

Once c rit eri a are formulate d , they must be communicated throug h
formats an d ~iedia appropriate to a variety of activities , decision
points , an d di sc ip l i nes in eleme n ts of the fac i l i ty deliver y an d use
process. This is represented in Figure 1 by the arrows emanating from
criteria generation (the hub) to points on the rim. Criteria comniuni-
cation is discussed more completely in Chapter 7.

~~~~~~~~~~~~~~~ ,T/? l z : ~

The effectiveness of criteria is evaluated through feedback f rom
the facility delivery and use process , in particular from the project

9
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deve 1op’en ~ , c~-~ii n , Cons t r uc t ion , and mainl y tc’- occu ~~u r c 1 se~;’e ritS
T h i s  f ee - ~b -  is represented in Figure 1 by arrows f~~~ - these seg ne nt s
to the hub. : soIlIe cases specific procedures (such as those rle .cribe d
in ER 415 -3—11 - ) ~~~~~ this interaction. These feedbac k channels
identity whether crit - ’-i i fi t locally (project development and design),
whether they are reasonabie to apply (design), whether th~’y can beconstr L te ! (Constr ucti on ), and how effectively they result in satis—
factory sol utio is to re qu irci I~~n t s  (occupancy) . Chapter 6 contains a
oore deLt iled disc ossion of Cri torl a eva iuatio n .

Habitab fl ~,
- Cr iteria ~~1t ~ In Mt erlo

Class i C  ica t

Criteria fo r  ~~ il it i e s can be classified in many wa~’s. One such
way is according to the :ILI I which they are designed to achieve. Some
are introdu ceu ~~~ -f ~ent economy while others are generated to achieve
efficie nc- ~ in de~ivery . ‘1 any are promulgated to insure that facilities
are of high quality. Habitability criteria are all aimed at quality in
providing facilities which perform effectively for the needs of organi-
zations and people who occupy them .

Another way criteria c~in be classified is according to their use or
point of application in the facility delivery and use process. Fo~exa mp le , some criteria are used in planning, some in occupancy , and ma ny
in design . Habitability criteria do not fit into any one use category;
they can be applied at every point in the facility delivery and use
process to hel p achieve high facility performance for users.

One of the most common ways in which criteria are classified is on
the basis of subject matter or substance. Substance itself is classi-
fied many ways for facilities --by components or subsystems (heating,
lighting, structure , etc.) or by trade or discipline (plumbing, fire
prevention , architecture , electrical engineering, etc.). Habitability
c ri te ri a do not fall i nto any one of these substance cat egor i es , but
extend across virtually every category because virtually every substance
a rea has an impact on how well a fac i l i ty perfo rm s for the organ i zat ion s
and people who occupy it. However , not every cate gory rece i ves the same
emphasis from habitability criteria , since they do not all co~’t ribute
equally to the faci l i ty ’ s performance.

Role of Hab itab i~J~y ç~jteria

Application of criteria in the facility delivery and use process
insures three basic requirements : economy of construction and opera-
tion , efficient delivery , and high quality . Habitability criteria ,

2~~~~~~7:T.~~T ~~~~~~~~~~~~~~~~ ER 415—3— 11 (Office of the Chief of Eng ineers ,
J u l y  1975).
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which are currently found mainly in the TM 5—800 series but wi l l  also be
found in the new Desi gn Guide series (currently being developed), relate
to the qual i ty  requiremen t.

~~~~~~~~ I ’I lOi ’L

Habitability criteria play a si gnifica nt role in planning activi-
ties . Periodical ly, existing facilities are evaluated to determine
whether they are substandard . They could be substandard for a number of
reasons , including health and safety factors , lack of direct support for
missions , functions , and operations , or lack of i n d i r e c t  suppor t  for
missions , functions , and operations resulting from low morale of per-
sonnel . While the criteria for determination of substandard facilities
are left to the judgment of each installation commander (AR 4l5-l5~ ),
habi tability c r i t e r i a  can be provided to assist local commanders in
formulating their judgments. When it has been determined that a new
f a c i li ty  is needed , habitab i l i ty criter i a can help in determining site
s ize  (based on parking , operations , etc.), site location (based on
traffi c , relat ionship to other facilities , and operations , etc.), and
appearance .

~os~~~ot-con Progr vnming

While habitability criteria do not have a major role in MCA facility
programming activities , they could assist in determining which facilities
should have the highest priority by aiding assessment of the i mpact of
priorities on missions , functions , and operations.

De o ’olopment

Habita bility criteria play an indirect but significant role in
project development (AR 41 5-20, TM 5-8OO-3~). The main purpose in
project devel opment is to establish functional requirements--the basis
for generating criteria. However , in real ity , criteria are used to
determ i ne what is allowed. ” In doing so , only those criteria wh i ch are
obviously inappropriate are detected and a variance requested . However ,
if a using service states the requirements for a facility based on an
a n a l y s i s  of its mission , functions, and act i vit i es and the personnel and
equipment which occupy the facility, published requirements and criteria
can be reviewed to detect inappropriate or missing requirements and
cr iteria. Habitability criteria are of particular interest to the using
serv ice at this point because they are aimed at providing a fac i l i t y
which effectively supports the using service ’s m i ss ion , funct ions , and
operations.

~~~~~~ ~~~~~ ~TT7T7 , AR 415-15 (Department of the Army 1969)
~t D~ - ‘. 0 0 -

~~ ~~~~~~~~ TM 5—800—3 (Depart r ient of the Army ,
1974 ).
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Hab itability criteria have their most important impact in the
desi gn phase. Designers and desi gn reviewers use habitability criteria
as the l imits or standards for determining whether user requirements
are met. Certain criteria are needed in concept design , while others
are used in detailed desi gn.

Habitability criteria have only a minor role in construction ,
because requirelllents have been converted into plans and specifi cations
within the limits of criteria during design. However , any changes in
materials or l ayouts should be evaluated in terms of user requirements
and habitability criteria. For example , a contractor-submitted value
engineering proposal must be reviewed not only for its economic effects ,
but for its impact on mission , functions , and operations (the qualitative
value) . Because of a lack of information , the impact on functional
quality is not always given due consideration. Habitability require-
ments and corresponding habitability criteria together with guidance can
effectively dellionstrate the impact of changes during construction on
mission , function , and operations , so that the quality of a facility is
not sacrificed at such a late stage of delivery .

~~~
o
~
:-do tI

During occupancy, habitability criteria together with guidance can
be IlIost oseful in maintaining a facility ’s functional quality . Features
provid ed in newly delivered facilities to support organizations and
people who use them are not always obvious or understood by those who
manage or operate theln . Knowing how to use these features effectively
is very important. In facilities which have existed for a period of
time , habitability requirements and criteria together wi th guidance can
hel p facility managers and operators detect functional deficiencies
early and prevent si gn i ficant impacts on missions , functions , and
operations .

Wh ile the role of habitability criteria is most significant in
faci l i ty design , they also clearly have significant roles in other
aspects of facility del i very and use. Table 1 summarizes these roles.

13
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Table I

Suninary of Habitability Criteria ~s Roles in the
Facility Delivery and Use Process

Element of the Fac i l i ty
Del ivery and Use Process Role of Habitability Criteria

Master planning Assist in determ ining if exis ting
facilities are substandard. For
planned facility, may assist in
determining site size , site l oca-
tion , and appearance.

Construction programming Assist in determining which facil-
ities should have highest priority .

Project development Analysis of functional requirements
i s the bas i s for r eview of publ i shed
assumed requirements and correspond-
ing criteria to detect inappropriate
or missing requirements and cr1-
teria ,

Desi gn The limits or standards for deter-
mining whether user requirements
are met. Bas is for trade-offs ,
selecting materials , achieving ef-
fective solutions.

Construction Evaluate changes in materials or
plans in terms of requirements and
criteria . Assist in evaluation of
value engineering proposals.

Occupancy Assist in maintaining the function-
al quality of a fac i l i ty. Detect
functiona l deficiencies in older
fac ilities.

14
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/4 G E N E R A T I N G  H A B I T A B I L I T Y  R EQ U I R E M E N T S
FOR FAC I L I T I E S

Since cr i te ri a are based on re q u i reme n ts , generation of require lnents
Ill uSt be discussed before criteria generation , evaluat i on , an d communica-
tion . Requirements are statement of objectives for a facility--what is
to be ach ieved at that facility . Providing require lllents for local
cond i t i ons i s the res pons i b i l ity of the us i ng se rv i ce. For conditions
exten din g ac ross us i ng se rv i ces or fac i li t ies , requirements are genera-
lized by others (such as OCE) and assumed to fit locally.

Requirements are derived from mission statements combined with
hulilan needs and organizational needs , as shown in Figure 2. Missions
are structured into nlore specific statements of function and operations.
The personnel and equipment corresponding to each operation are identi-
fied and tabulated . From these sets of informat i on , requirements for
the facil ity can be stated. This process has been discussed in detail
by Dav is . 5

To provide functional requirements for a facility , a using service
must perform an analysis like that described above . However , beca use i n
many cases activities, personnel , and equipment are uniform , or rela-
tively uniform , many of the requ i rements can be assumed and stated
di rectly when c ri ter i a are be i ng generated . There are tw o potent i al
errors when requirements are assumed : assumed requirements may not fit
local ly  or requ i rements wh i ch are needed local ly may not have been
assumed .

For e x a m p l e , in most situations , it is assumed that a dining hall
should be arranged to serve a certain number of troops from several
units in one large space. However , at one i nsta l la t i on an i ntens i ve
la nguage training program was structured so that students were required
to converse and ca rry out all da i ly act i v i t i es and transact i ons in the
language they were learning. Students had to select food from i~enus in
that lan guage end co mmunica te w i th serv i ng personnel i n that la nguage .
Because of the applied nature of the training and the fact that several
lang uages we re be i ng ta ught , the school required separate serving and
eating areas for each language .

The follow ing example illustrates a case where a needed requirement
was not assume d . In some training programs i t was fo und thut indiv idual
counseling could reduce the number of washouts ” and maintain student
motivat ion.  Therefore , some kind of counseling space was required .
However , exist ing documents had no requirements which addressed counsel-
ing.

~T. A. Davis , 1
~~~~~,~~~~ T i ~~ 1’ 1/ 2 , ~;I -0 o I 1

. I
, , I)

I ~~~~~~~~~~~~~~~~~~~~~~ Interim Report D-69/AD AO30091 (U.S.  Ar m y Const ruct i o n
Engineering Research Laboratory [CERL], 1976).
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M ISSI O N-
~JFUNCTIONS:

OBJECTIVE S FOR
ORGA NIZAT I ONS

OR GA N I Z AT ON AL
NEEDS
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G R O U P S  A ND
ND! (DUAL S

HUMAN
NEEDS

ACTIVITI ES
PERSONNEL
EQUIPMENT
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FOR I LOCALLY SPECPF C
FACI L ITY

Fi gure 2, Genera l ized process for derivin g function al
requirements for facilities.
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By assulll ing require llients, the usin g service reduces the task of
stating functional requirements, but it lilust st ill complete an analysis
to der ive information on operations, personnel , and equip ment. Instead
of gene r a t i n g  a l l of its requirements, the us ing service must simply
evaluate assumed requ i rements to determlline (1) whether they fit loca lly
or (2) whether needed require liments are already available. The task is
thus reduced to stating special requirements (as they are called in the
Project Development Brochure , TM 5-800-3); these special requirements
are e it her va ri ances to assumed requir eme n ts or new requirements where
none are assumed .

Like criteria, requirements can be classified in many ways--ac-
cording to their purpose (efficiency , economy , effectiveness), content,
or use. Habitability requirements deal with the quality of a facility
and state facility objectives which are supportive of the missions,
functions, and operations to be housed .

-- - . 
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Criteria Generation Procedures

Since criteria are inferred from reqUirelllents , the p rocess of
criteria qeneration beg ins with requirement statements . As habitability
criteria are generated from habitability requirements , techn ical infor-
niation must be referenced and other requirements must be considered , as
shown in the simplified diagram in Figure 3.

Most importantly, criteria must be technically correct. In estab-
lish ing criteria that are technically feasible and judged to result in
sol u t i ons which sat i sfy requirements , the cu rrent body of knowledge must
be referenced . This body of knowl edge includes both research data and
professional experience .*

Criteria Illust also be realistic and reasonable. Other requirements
such as econo my or eff i c iency of fac i li ty del i very tend to const rai n
ha bitability c r i t er ia to those  which are practical. Other requirements
can also reflect o rgan i zat ional goals wh i ch have resul ted i n pol i cies
govern i ng personnel , o perat i ons , or equ i pment to be housed or accom-
umodated by a facility .

As w i th the gene rat i on of requi rements , generating criteria re-
qu i res considerable judgment. However , the degree of judgment requir ed
can be red uced by having as much information at hand as possible. This
information should include a thorough understanding of what is required ,
data to support the degree to which a requirement can be generalized
(and therefore assumed), a compilat ion of all other requirements in-
fluencing the select ion of possible criteria and solutions , resea rch
data about the relationships between facilities and  performance (of
o r g a n i z a t i o n s  and people), health , safety , and satisfaction in specific
operations using specific equipment , and profess i onal ex peri ence i n
solv in q such problems.

~A d atib~se wh ich will act as a resource in the qeneration of habi t-
uhil ity criteria is currently being developed at the U.S. Army Construc-
tion Engineering Research Laboratory (CERL). The data base will contain
habitability information and will include a mechanism for easy access
to its contents. For information see R . L. Brauer and T. A. Davis,

, U 1 ~ —

~~~ .°;. . , Special Report D-79 (CERL , June 1976); 0. Dressel amid
R . Brauer , ~~~ 
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. III~ ~~ I . - II

- 7 1k -‘ , . : ; “  on ~ I . , Preliminary Report
D-4 / A D7tdC2 7 (CERL , l91.3~ ; and N. 0. Lane , ;. ‘ ~1. - f  I
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I , Interim Report D-4l /A 0A 001 6 16 (CERL , 1974) .
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Fi gure 4 presents the detailed steps required to generate habita-
bility criteria. Each type of information must be reviewed systemati-
cally to generate criteria which will insure effective solutions in
fac i l i t i es.

Pote n t ial Erro rs in Cr i ter i a
Generat i on and Use

Sho rtcuts i n the c ri te ri a generat i on p rocess potent ial l y can lead
to a number of errors. For example , if special requirements (submitted
by a using service) are presented without supportive evidence or data ,
readers may not understand what is required and why . Resulting errors
could be use of inappropriate assumed requirements instead of the
special requirements , or application of wrong criteria.

Fo r requ iremen ts wh i ch have been ass umed , information must be
provided to show how genera lizable such requirements are . If such
informati on is not provided , corresponding criteria could be applied to
facilities and situations where they are not appropriate .

At so me po i nt , criteria must be selected from candidate criteria or
c ri ter ia values must be esta b l ishe d f rom data . At least three errors
are poss ible here : (1) unrealistic criteria could result i f  constraints
have not been investigated and understood; (2) ineffective criteria
could result if research data about relationships between facilities and
organ izations or people are incomplete or unavailable; * and (3) im-
pract ical  cr i te ria could result if profess~ona i ex peri ence is not use d
to i d e n t i f y  pro b lems of turn i ng cr i ter i a i nto sol u t i ons through building
materials and components.

Er ro rs can also resul t when c ri ter i a are apo l i ed , particularly be-
cause of a lack of commentary or guidance. If commentary is not pro-
v ided or if the correspondence between a requirement and a cri terion is
not clea r , users having one requirement could apply a criterion be-
lon gi ng to a d i fferent re qui rement. If guidance for applying some
criter ion is not provided or is not clear , the criterion could be mis-
a ppl ied , resulting in an inappropriate or ineffective solution.

Undoubtedly, othe r types of errors coul d also res ult . The mos t
important concern in criteria generation is to be aware of potential
errors and to formulate criteria so that errors in application are

*For a discussion of such relationships and their utility , see T . A.
Davis, ( ‘ _ ‘I~~ 

. 
-

.
, I~~ :0  - .

, - : . . - , I n t e r im R e po r t P-6H/ADAO29661 (CERL , 1976); and
R. L. Bra uer and 1. A. Davis, :l ‘. . -

, 
“ - I-

.
. ,

‘~~ • :
‘ - -

1)] / ! 1!)~~~~- . . t - ,i .~~~~! .1 . . , ~ : / - .~ . ~~ . ;- - . - ,o- , Draf t  Special  Report
( C E R L , 1976).
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HABITABILITY
REQUIREMENT
FOR FACILITY

DATA TO SUPPORT
GENER A LIZA BILITY OF

R E Q U I R E M E N T  I F
ASSUMED REVIEW ARMY

D O C U M E N T S
FOR EX IST ING

C RITE H IA

REVIEW PROFESSIONAL
LITERATU RE FOR OTHER

CRITER IA
(CODES , STANDARDS )

REVIEW RESEARCH
LITERATURE FOR S IMI LAR
CRITERIA (OR DATA TO

SUPPORT CRITERIA)

UTILIZE EXISTING
CONDUCT STUDY TO OR FORMULAT E

PROVIDE DATA CRITERION FROM
FOR CRITERIA DATA

CHECK CRITERION TO SEE IF IT HAS FACE
VALIDITY , IS MEASURABLE , A N D  IS
APPROPRIATE TO REQUIREMENTS AND
ALLOWS FOR FEASIBLE SOLUTIONS

COMPILE OTHER
REQUIREMENTS

CHECK CRITERION TO DETERMINE
THE IMPLIC A TLON OF OTHER REQ M

SELECT CRITERION V ,H ICH BEST
RESPONDS TO REQUIREMENTS

AND CONSTRAINTS

HABITAB I LITY
CR1 TERIO N

FOR FACIL ITY

Figure 4. Detailed steps in generat ing habitability criteria.
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avoided and effective solutions in facilities are achieved . Reducing
errors in criteria themselves is the main purpose of criteria evalua-
ti on. Reduc i ng errors in cr i te ria appl i cation is a si gn i f i ca n t co nce rn
for criteria communication .

Validating Existing Criteria

Criteria generation also included validating or regenerating exi t-
ing criteria. From time to time , existing criteria must be reviewed to
determine whether they are still applicable —-whether they are realistic
in l ig ht of cu rrent constra i nts or techn i cally correc t i n l ig h t o f
curren t knowled ge , practice , and materials. The process used in genera-
ting new criteria is also fol l owed in regenerating or validatin g exist-
ing criteria.

Procedu res for C ri te ri a Appl i cat ion

One way to insure that habitability criteria are properly applied
i s to develo p and prov ide appl icat i on procedures w i t h the c riter i a ,
i.e., provide guidance for their application . In many cases , simply
providing a design limit or standard is not enough. The skill , knowle dge ,
and expert i se of personnel i n f iel d off i ces of the Cor p s of Eng i neers ,
at A rmy i nstal lat ions , and in architect—engineer (AE) firms vary widely.
These va riations must be recognized. Indiv iduals trained in one area
are often responsible for more than that area , including areas about
wh ich they may have little knowledge . Providing guidance procedures for
application with criteria will increase the overall probability of
correct application in such cases.

Whether develo pment of procedures for apply i ng criter i a fa l ls  u nder
criteria generation or criteria communication can be debated . The im-
porta n t po in t i s that i f a pp l i cat i on p rocedures are develo ped and
co mm unicated d i rectl y w i th the cr i teria , errors in appl i cat i on woul d be
reduced . This is one of the goals of the Design Guide series.~ Present-
ing application proc~dures with cr iteria also saves time for those who
need such procedures.

E x a m p l e  of G u i d a n c e

The fol low i ng exam p le i l lustrates what gu i dance i s and how i t
d i ffers from requirements and criteria. The content of this example is
not in itsel f of imp ortance.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ of Space Utilization and Design
Guides
Symposium Proceedings D-62/ADAO34135 (CER’L,’ 1975).

22

- -~~~ _ _ _



9

- -~~~~~ —• -
~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

1-i., -

Consi der a conference space in an office building, or a si mi la r
space where people Illeet. One requirement for such a space would be
con trol of odor at an unobject ionable leve l .  The criterion for satisfy-
ing this odor control requirement is a function of the type of con-
tam inant (usually body odor or cigarette smoke) and its concentration.

Typically, dilution with ventilation air (whether outdoor air or
recirculated and cleaned air) is the solution used . If for some reason
local policy rules out s m o k i n g  i n conference spaces , body odor would be
the loam concern. Ventilation systems also provide thermally comfort-
able conditions and adequate oxygen supplies and restrict carbon dioxide
buildup from expired breath. All these factors influence the solution
for the space .

Ex i stin g codes conta i n fairly uni form cr i te ri a based on ex per iments
on acceptable body odor and smoke level in rooms . For this example , 13
cfm (0.37 m3/min) of fresh air per person is assumed necessary to
d ilute body odors to an acceptable concentration. Similarly, 35 cfm
(0.99 m3/min) of fresh air per smoker oust be supplied to dilute ciga-
rette smoke to a level where smoke odor is imperceptible to smokers and
nonsmokers in the space and acceptable to most people who enter the
space from fresh air. It is assumed that no more than 50 percent of the
adult population will be smokers .

.0n11 o ic :~c 7 00? 1c0 ~~, on~.cr ,z , ~z~U Dcc ~~1 - ; i  ZOO

The requirement (which has been assumed), cr i ter i a , and des i gn
guidance for the example night look l ike this:

Requ i r emen t :  For conference rooms , provide odor control so
that body odors and smoke from cigarettes are
not objectionable to occupants .

Cr iteria: For control of odor by dilution with ventilation
air , prov ide the following amounts of clean air:

For smoke — 35 cfm (0.99 m3/m in) per person

For body odor — 13 cfni (0.37 m3/rnin per
person

Desi gn Guidance : If both contaminants are being designed for,
the smoke criterion governs. However , whe n
determining wh i ch criterio n a pp l ie s , nma ke
sure that the pol icy on s nm ok i ng i s known .
If vent i lat ion ai r can be red uced , operat i ng
costs may also be reduced because of the
cos t involved in heating or cooling outs ide
a ir (the usual source of fresh air).
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It is reasonable to assume that in a
typical group of adults , no mo re than 50
percent w i ll be smokers. Howeve r , it nay be
well to investigate the population to be
house d in Ilmore detail to deter mil ine w h e t h e r
th is rate would usually be exceeded . If so ,
vent i la ti on requ i re ments for s moke cont rol
would have to be adjusted upward .

When ap p ly i ng the fres h a i r c rit er i a ,
refer also to criter i a on vent i lat i on a i r
used for thermal comfort . Odor contro l and
thermal co mfort c r i ter ia  for ven t i l a t i on  a i r
are not additive. It should also be noted
that the minimum amount of fresh air required
is for maintaining an adequate oxygen level
and is about 4 cfm (0 .11 nO/loin) of outside
a i r per person . All criteria governing
Ventilat ion air must be integrated in design-
ing the HVAC system.

The qual ity of the outdoor air should be
evaluated pr ior to design to determine
whether it is sufficiently clean to be used
as fresh air , part icularly in large cities
or near industries or highways. Air quality
recor d s sho u ld be exa mi ned to deter mi ne
whether contaminants haza rdous to health
have bu ilt up during stagnant weather condi-
tions and rendered outdoor air unacceptable
as a fresh a i r sou rce.

Care should be ta ken i n des i gn to i nsu re
that exhaust ports are locate d p ro perly rela-
tive to intakes to avoid recirculating con-
taminants. Location of intakes and exhaust
vents should be evaluate d for adjacency, rela-
tionsh ip relative to prevailing winds, or the
effect of airflow patterns caused by the build -
ing or any of its components.
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6 EVALUATING HABITABILITY CRITERIA

Criteria Evaluation

Cri teria evaluation is not the same as facility evaluation. While
the same or similar procedures might be used for both types of eva l ua-
t i on , the purpose of each i s d i fferent , and the k i nd of judgments or
i nferences ma de are dif ferent. Fac i l i ty evaluat i on i s the process of
determining whether the requ i rements laid down for a facility have been
met ; it focuses on individual buildings. On the other hand , criteria
evaluat ion is aimed at determining whether criteria , as l imits or stand-
ards , resulted in effective solutions. Criteria evaluation is directed
at all bui ld i ngs to which a cr i ter i on is appropr i ate .

K i nds of Criter i a Evaluat i on

Of the several kinds of criteria evaluation , one is intrinsic to
criteria generation while the others provide feedback to generation .
The latter include feedback during design on the feasibility of solu-
t ions based on cr i ter ia , and feedback following occupancy on the effec-
tiveness of constructed solutions (Figure 1).

- 0 .  ~oc L.:~Jn . - :/L ~~ou :2L :- ‘~- e J ~-~ZJ - Z  - O  Di’ ] O . O Z  D~? Ve7cr  ~‘o~ ond 1

As shown i n Fi gure 1 , a m inor form of criteria evaluation occurs
throu gh feedback during project development and design. It is minor in
the sense that it provides information about the feasibility of solu-
tions as attempts are made to apply criteria , rather than information
about effectiveness of solutions. In addition , th is feedback is in-
formal. If problems arise in implementing criteria , information comes
back to OCE and is directed to people who generate cri teria. This
eval uation is similar to evaluation during generation , beca use i t also
ant i c i pates or pred icts effect i veness of cri ter i a i n solut i ons.

Z L - Z - ’O ‘ - ‘~~~~ - Io’rr-le t.c~7 .0 . .

Th e most imp o rta nt k i nd of crite ri a evaluation i s that which occurs
when a fac i l i ty i s com p leted and occu p ied . Pre di cted perfor mance i s
compared to actual performance. In this case the effectiveness of a
cri terion as applied in an actual solution is assessed . For example , if
a criterion in responding to a requirement for mission performance , then
the impact of the solution on mission performance becomes the measure of
effect iveness fol criterion governing the solution . Simi larly, if a
cri terion is responding to a requirement for health of personnel , then
the health record of personnel is a measure of the ef fect iveness of
the cr i ter ion.  In evaluating criteria performance , evidence is gathered
to show that criteria predictably result in e f fec t ive  solutions for
requi reinents.
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Procedures for Criteria Evaluation

The ma in focus of this section is on procedures for eval uating
criteria in completed facilities , since procedures for evaluating
cri teria dur ing generation are intrinsic to the criteria generation
p rocess , and those for criter ia evaluation through feedback in project
develop ment and design are informal , as previously discussed . The
existing design criteria feedback program is detailed in ER 415—3 -Il.
Procedu res for this program call for site visits and visual inspection
of completed facilities. Usually some local and District -level com-
plaints surface during these inspections. Altho ugh this program has
merit , procedures are informa l and limited to visual assessment , wh i ch
means they are of lim i ted value for evaluating the effectiveness of
criteria in providing sol utions to user requirements .

Cr iteria evaluation in completed facilities involves making measure-
ments which require more than visual observation. These measurements
can be of two types: measurement for compliance and measurement for
effecti veiess.

11~- 
~~~~~~~~~~~~ O2’

Measurement for compliance involves assessing whether cri teria were
met. For example , if a li ghting criterion called for an intensity of
1 00 foot—candles (1076.4 lux), the light ing level must be assessed with
a light meter. If a minimum of 72°F (22°C) was called for during the
heating season , then a thermometer must be used to determine if that
criterion was met. If a certain number of electr ica l outlets was called
for , the outlets would have to be counted . If a space criter ion in
offices called for a min imum amount of space for each work station , each
work station must be measured to determine whether the criterion was
met.

Al though knowing whether criteria have been complied with is
important , it does not provide any information about the effectiveness
of the criteria in achieving satisfactory solutions. Thus , measurement
for effectiveness is required.

- k - Z o ~~ :I’c?ncrt ~~ 1Y’

Du ri ng cr i teria generation procedures , the main objective is to
establish l imits or standards by which requirements are met. Judgment
based on available research and professional literature is used to
pred ict effective solutions for requirements . The main purpose of
cr i te ri a evaluation , then , is to determine whether solutions effectively
satisfy requirements as delineated by criteria.

For example , a hab itability requirement might be to provide suf-
fic ient light for reading 12—point type. The corresponding criterion

26 

~ - ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ _



-~ ~~~~—~~~—---- -.-- .... 

-

might be that 100 foot-candles (1076.4 lux) are required 30 in. (0.8 m)
from the floor. If there were little data in the literature about the
relationships between lighting and visual tasks , then measurement for
effectiveness would require that tests be run to determine if 100 foot-
candles (1076.4 lux) were sufficient for reading 12-point type with a
certain error rate. Before such a test could be run , it would have to
be determnined that 100 foot-candles (1076.4 lux) were actually pro-
vided-.-measurement for compliance .

Criteria evaluation through feedback from constructed facilities is
most essential in areas for which there is little specific information
available which would assist in setting criteria , such as requirements
concerned with health , safety , morale , and performance of people and
organizations . Visual observation is not sufficient; specific measure-
ments are necessary. As more information is gained , and relationships
between facilities and organizations or people are quantified , criteria
can be written which insure that solutions provided in facilities will
be effective in Ineeting requ i rements .
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7 COMMUNICATING HABITABILITY
CRITERIA

General

In order to ach ieve satisfactory solution s in facilities , habita —
bi lity criteria must be communicated to those who apply them in the
faci l i ty delivery and use process. For criteria to be applied effec-
tively, users must (1) be able to easily identify and locate the cri-
teria which are relevant , (2) understand the content of the criteria ,
(3) know how to use them , and (4) perceive the consequences of their
application.

The three elements in communication which accomplish these goals
are content, format , and media. Content is established by the criteria
generator , who uses given or assumed requirements in determining what
must be limi ted or controlled to achieve performance quality in a
facility. Because there are many different users wi th different tasks
at different points in the facility delivery and use process (Table 2),
a printed document is clearly a necessary med ium. However , other media ,
such as an interactive computer terminal or a standard audiovisual
package , can be used for specific criteria appli cation tasks or for
training. Formats can be quite varied , depending on the intended use
and content of the criteria.

Principles in Criteria Communication

As discussed in Chapter 5, guidance for applying criteria should
be provided with the criteria as a means of insuring high quality in
facilities. While many application procedures are being presented in
Design Guides , and development of others is planned in future research
and developnlent projects , this section presents generalized principles
for communicating criteria , including guidance . When applied , these
principles will assist in delivering high quality facilities and in
maintaining their effective use.

Y ’ ? n 1 P Z - Z  - U’~~~~~~ .‘- .“4 Z Z Z- .~~I E~~ i~~p Up dated and C~an ’d

This principle impacts the structure of chapters , sections , and
paragraphs as well as the type of binding. Rate of change must be
con sidered . Not al l  sections change at the same rate ; guidance may be
updated more frequently than the criteria. For this reason , loose-leaf
b ind i ng may be mo re econ om ica l than  o t her forms of binding. Chapters
and s ections should be identified by number or letter so that they s tay
re lat ive ly con s t a n t , wh ile specific paragraphs change.
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One difficulty with large documents is  locatinq a part icular item .
If people have difficulty finding what they are looking for , they w i ll
rely on memory , neg lect the mate ri al , or guess. Thus , a dequate index i ng
is necessary to insure accuracy. Because criteria are referenced by
Il18fl~~ d ifferent users for a variety of purposes , a variety of vocabu —
lan es are used to access them . Therefore , severa l indices are needed .
Inde xing might be by space type , act ivity , fac ility subsystellls and
components , discipline , or a number of othe r ways.
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Because cr i teri a cannot be app l i ed i ndepe ndentl y from their coi —
responding requirements , they shouli always be conmiunicated with the
requirements for which there are limits or standards .
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Formats must be consistent throughout the document. If a sequence
of requirement—cri teria-commentary—guidance is adopted , ~t should bm~followed uniformly. Having a consistent layout allows people to aitici-
pate where to look in the proper section for the infor llma tion they need ,
and can reduce scanning and reading time signif i~ m n t~ - .
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The purpose of this principle is also to i - ide t~~~~ t 1 len t access
to needed information , it does so by focusi no on t I -  logic i f  a t v k  III’
a sequence of tasks. For exalliple , there is a liq ica l basis ~ I ~ I -

turing information in a facility , space -tvoi- . env il - Illi lent , uti 1i ~~,order , since such a hierarchy follows a -,e o. e of si,i l e - r  level f

detail 
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Necessary information must be conlmunicat . ’d in - It -a r , simpl e l ii-
guage , layout , and med i a to Ill i n I mi ze the t I -

~~- r i - I l ls i red for read 11111 ,i nd
coinprehens ion .
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Th is principle is ained at I u ax i m i z i n ’ I  cio~proht tioioii in the ; I i l i i i I U m n~

time . For example , if the intent is to qet l000ri l i de mo across, as
in training , then audiovisual or graphical media Il l d i t  he most appropri-
at e. If precision is required , the appropriate level If precision --in st
be used in such media as charts , tables , formulas, or verba l descr iptions .
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u se rs oust never confuse substances (such as criteria or require—
ments) with procedures for their applica tion . What a person should do
Oust be clearly distinguished from what he/she should do something
about.

- I •  ‘
~~~ I l~ I ‘ ‘: ~~~ 1i ~~~i or J zoka t-1’~s t Not Be I 
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As shown earl ier , a number of d ifferent users appl y criteria to
d i t ’~ere n t  tasks. Consequently, a guidance for one user must be clearly
distinguished from that for another. Similarly, guidan ce for applying
one criterion must not be confused with guidance for another criterion .
r r l i S  pr inc ip le can be accomplished through formatting and use of di st inct
r icad ing s . The specifi c means of implementing this principle depends on
the overal l approach to the documentation.
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~~ 1 0  ~;10UZd Not Be S~[’arczted Prom Other Types

As i ndi cated i n Chapter 3, although habitability cri teria are aimed
only at quality , they extend across nearly every category of criteria
regardless of their substance classification . They can be most effective-
ly applied if they are located with other criteria on the same topic.
I f  they are p laced  in a separate secti on , they wil l  be confusing or wi l l
simp ly be ignored by those who are not familiar with them.
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Ap plication procedures should not be left to the discretion of the
users . Althoug h procedures for application may often be familiar to
many users or be standard practice , some per son s respo ns i b l e  f or cr ite r ia
app licat ion may not be familiar with standard methods. Providing a
method of application with the criteria eliminates the potentia l error
of using inappropriate methods. This principle is not designed to
prov ide s o l u tions for eac h cr it e r ion , but to achieve uniformity in
methods of application .
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Procedures for assessing complian ce should be provided with cri-
ter ia as a basis for quality control. Compliance procedures cannot be
left to the discretion of those who apply criteria.
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8 SUMM A RY AND RECOMMEN DP t IONS

T h i s  report has presented concepts concerning the generation ,
commun i cat i on , and evaluat i on of hab i tab i l i ty cr i ter i a an d d i scusse d
the ro le of these ac t iv i t ies  within the Army ’s fac i lity del i ve ry and
use proces s. Th is report  comple tes  t he f irst  phase  of the research
concerned with procedures for relating Army personnel requirements to
architectura l requirements.

i t i s recommen ded that the conce p ts presented he re be used as
the bas is for second phase work--developi ng and testing procedures
for dealing with relationships between Army personnel requirements
and architectural requ i rements in the Army fac i l i ty del i very and use
process.

I
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