
In p r e s e n t i n g t h e d i s s e r t a t i o n as a p a r t i a l f u l f i l l m e n t o f 
t h e requ i rements f o r an advanced deg ree from t h e G e o r g i a 
I n s t i t u t e o f T e c h n o l o g y , I ag ree t h a t t h e L i b r a r y o f t he 
I n s t i t u t e s h a l l make i t a v a i l a b l e f o r i n s p e c t i o n and 
c i r c u l a t i o n i n a c c o r d a n c e w i t h i t s r e g u l a t i o n s g o v e r n i n g 
m a t e r i a l s o f t h i s t y p e . I a g r e e t h a t p e r m i s s i o n t o c o p y 
f rom, o r t o p u b l i s h f rom, t h i s d i s s e r t a t i o n may b e g ran t ed 
b y t he p r o f e s s o r under whose d i r e c t i o n i t was w r i t t e n , o r , 
i n h i s a b s e n c e , b y t he Dean o f t he Graduate D i v i s i o n when 
such c o p y i n g o r p u b l i c a t i o n i s s o l e l y f o r s c h o l a r l y pu rposes 
and does no t i n v o l v e p o t e n t i a l f i n a n c i a l g a i n . I t i s under 
s t o o d tha t any c o p y i n g f rom, o r p u b l i c a t i o n o f , t h i s d i s 
s e r t a t i o n which i n v o l v e s p o t e n t i a l f i n a n c i a l g a i n w i l l not 
b e a l l o w e d wi thou t w r i t t e n p e r m i s s i o n . 

b 



QUANTITATIVE EVALUATION OF INPATIENT NURSING UNIT DESIGNS 

A THESIS 

Presented to 

The Faculty of the Graduate Divis ion 

"by 

Richard Neel Sendler 

In P a r t i a l Fulf i l lment 

of the Requirements for the Degree 

Master of Science in Indus tr ia l Engineering 

Georgia I n s t i t u t e of Technology 

March, 1968 



Q U A N T I T A T I V E E V A L U A T I O N O F I N P A T I E N T N U R S I N G U N I T D E S I G N S 

A p p r o v e d : 

C T i a J ^ m a n / • 

D a t e a p p r o v e d b y C h a i r m a n : < * - y ^ ? / £ ' < f - — " " 



i i 

ACKNOWLEDGMENTS 

I wish to extend my grat i tude and appreciation to Professor James 

M. Apple , my thesis advisor , for providing encouragement and direct ion 

to the conduct of this research. 

My appreciation i s a l so extended to Dr. Harold E. Smalley and 

Professor Joseph.N. Smith for reading the manuscript and offering con

s truct ive cr i t i c i sm. 

Thanks are a l so due to John R. Freeman for suggesting the research 

area. 



H i 

TABLE OF CONTENTS 

ACKNOWLEDGMENTS . . i i 

LIST OF TABLES . . . i v 

LIST OF ILLUSTRATIONS v 

SUMMARY v i 

Chapter 

I . INTRODUCTION 1 

Nature of the Problem 
Importance of the Problem 
Objective 
Scope and Limitations 

I I . LITERATURE SURVEY 7 

I I I . METHOD OF PROCEDURE 1 2 

IV. EVALUATION PROCEDURE ik 

Travel Frequencies 
Direct Labor Costs for Travel 
Construction Costs 
Combining Costs 

V. . DISCUSSION k6 

V I . CONCLUSIONS AND RECOMMENDATIONS 53 

Conclusions 
Recommendations 

BIBLIOGRAPHY . . . . . . . . . . . . 56 

Page 



i v 

L I S T O F T A B L E S 

T a b l e P a g e 

1 . L i s t i n g o f S t u d y N u r s i n g U n i t s 2 9 

2 . L e g e n d f o r S t u d y N u r s i n g U n i t s . . . . . . 3 0 

3 . E x p e c t e d T r a v e l F r e q u e n c i e s f o r S t u d y C o m p a r i s o n s . . . . . 3 2 

h. C o n s t a n t s o f P r o p o r t i o n a l i t y ( | 3 . . ) f o r T r i p s B e t w e e n 

R o o m s 3 3 

5 . T r a v e l F r e q u e n c y M a t r i x f o r N u r s i n g U n i t o f F i g u r e 3 • • • • 3 5 

6. T r a v e l D i s t a n c e M a t r i x f o r N u r s i n g U n i t o f F i g u r e 3 . . . . 3 7 

7 . W a g e R a t e s f o r T r i p C a t e g o r i e s . . 3 8 

8 . T r a f f i c C o s t s f o r S t u d y N u r s i n g U n i t s ho 

9 . F l o o r S p a c e f o r S t u d y N u r s i n g U n i t s hi 

1 0 . E s t i m a t e d C o n s t r u c t i o n C o s t s f o r S t u d y N u r s i n g U n i t s . . . . h2 

1 1 . C o n s t r u c t i o n C o s t s P e r P a t i e n t - D a y f o r S t u d y N u r s i n g 

U n i t s hh 

1 2 . C o m b i n e d C o s t s f o r S t u d y N u r s i n g U n i t s h^ 

1 3 . R a n k i n g o f S t u d y N u r s i n g U n i t s h"J 

lh. C o s t s f o r S t u d y N u r s i n g U n i t s 5 1 



V 

LIST OF ILLUSTRATIONS 

Figure Page 

1 . Layout No. 1 1 5 

2 . Layout No. 2 16 

3. Layout No. 3 . . . . . 17 

k. Layout No. k 1 8 

5 . Layout No. 5 19 

6. Layout No. 6 . . . . . . . . . 20 

7. Layout No. 7 . . 2 1 

8. Layout No. 8 22 

9. Layout No. 9 23 

10. Layout No. 1 0 2^ 

1 1 . Layout No. 1 1 . 25 

12. Layout No. 1 2 26 

13. Layout No, 1 3 27 

lh. Layout. No. 1 ^ 28 



vi 

SUMMARY 

The object ive of th is study was to evaluate a number of inpatient 

nursing unit designs, varying the shape, the number of patient rooms, the 

number of pat ients per room, and the arrangement of a l l funct ional po in t s , 

in order to ascertain the r e l a t i v e e f f i c i enc i e s of a l ternat ive designs. 

The purpose of this study was to a id the hospi ta l planner by i l l u s t r a t i n g 

how one might evaluate inpatient nursing unit designs on a quantitat ive 

b a s i s . 

The study was l imited to the evaluation of medical u n i t s , surgical 

u n i t s , or combination units which contain both medical and surgica l pat ients 

of short-term, general , voluntary h o s p i t a l s . 

In essence, the evaluation procedure used combines the cost of nursing 

t r a f f i c between functional points on the nursing unit and the cost of 

amortization of construction for the un i t . The combined costs for the 

unit were used as a measure of e f f i c i ency . In th i s way, the fourteen 

nursing units used in the study were ranked on the bas is of r e l a t i v e 

e f f i c i ency . 

I t was concluded from the study resu l t s that : 

1 . Unit design i s more important than unit s i ze in determining the 

e f f i c i ency of inpatient nursing unit designs. 

2 . The double corridor design i s the most e f f i c i e n t inpatient nurs

ing unit design fol lowed in order by the c ircular design, s ingle corridor 

design, and angular design. 

3. Nursing unit designs with compound c ircu lat ion tend to be more 
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e f f i c i e n t than those with simple c i rcu la t ion . 

k. Mult i -pat ient rooms of a part icular design category are more 

e f f i c i e n t than private rooms of the same design category. 

This study i l l u s t r a t e s that i t i s poss ib le to evaluate inpatient 

nursing unit designs on a quantitat ive bas is in order to ascertain the 

r e l a t i v e e f f i c i ency of a l ternat ive designs. Since the evaluation procedure 

i s based on monetary cos t s , the re su l t s are intended to be used only as a 

supplement to good judgment on the part of the hosp i ta l planner. 
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CHAPTER I 

INTRODUCTION 

The general purpose of th i s study i s to i l l u s t r a t e to the hosp i ta l 

planner how one might evaluate inpatient nursing unit designs on a quanti

ta t ive bas i s in order to ascertain the r e l a t i v e e f f i c i enc i e s of a l terna

t i v e designs. 

The general approach used in th is study i s to evaluate a number of 

inpatient nursing unit designs using an evaluation procedure developed by 

Freeman ( l ) . Essent ia l ly , this procedure "combines the cost of nursing 

t r a f f i c between functional points on the unit and the cost of amortization 

of construction, consideration being given constraints imposed by l imit ing 

factors" ( 2 ) . 

Nature of the Problem 

Smalley and Freeman s ta te that "the primary and overriding purpose 

of any physical f a c i l i t y i s to promote the attainment of object ives of 

the enterprise in which the f a c i l i t y i s to be used" (3) . Applying this 

f a c i l i t i e s planning pr inc ip le to the hosp i ta l , the primary purpose of the 

hosp i ta l structure i s to promote the attainment of the object ives of the 

hosp i ta l . In order to promote the attainment of hosp i ta l object ives the 

hosp i ta l structure must be designed to house the a c t i v i t i e s and processes 

required in carrying out the functions of the hosp i ta l . Accordingly, the 

design of the hosp i ta l structure must begin with the iden t i f i ca t ion of 

the functions to be performed. Space requirements and the r e l a t i v e loca-
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t ions of these functions must then be determined based upon the re la t ion 

ships among the funct ions. 

I t would seem to be a reasonable goal to locate the functions in 

areas that would minimize the t o t a l costs of t r a f f i c between these areas 

or functional po ints . However, the minimization of the cost of t r a f f i c 

i s often i n - c o n f l i c t with the minimization of the cost of construction. 

For example, "more abundant and more expensive transportation f a c i l i t i e s 

may tend to increase construction costs while decreasing t r a f f i c cos t s ; 

and certain building shapes may resu l t in lower construction costs but 

higher t r a f f i c costs" (h). For this reason many design decisions involve 

the trade-off between the cost of t r a f f i c and the cost of construction. 

The problem with which this study i s concerned i s that of evaluating 

a l ternat ive inpatient nursing unit designs in order to ascertain the ir 

r e l a t i v e e f f i c i enc i e s based on the trade-of f between the cost of t r a f f i c 

and the cost of construction. Freeman defined the general problem as 

fo l lows: 

The t o t a l relevant costs for a part icular inpatient nursing unit 
design consis ts of three terms: 

(Constant Costs) + (Traff ic Costs) + (Construction Costs) 
The f i r s t term, "constant c o s t s , " includes a l l of those costs that do 
not vary with s p a t i a l arrangement. In respect to the labor component, 
a l l nursing time spent in work at any of the various funct ional points 
(work centers) on the unit may be considered to be constant with r e 
spect to design. However, the costs of t rave l to and from the func
t i o n a l points at which these tasks are accomplished can be expected 
to be influenced by the r e l a t i v e locat ions of these po ints ; the 
second term, "traf f ic c o s t s , " accounts for th i s inf luence. This term 
is the sum, for a l l types of t r i p s , of the product of four f a c t o r s : 
( l ) the frequency of t r a v e l , (2) the distance t r a v e l l e d , (3) the time 
required to t r a v e l a unit d is tance , and (k) the rate of pay per unit 
of time for the employee who makes the t r i p s . Since the arrangement 
of f a c i l i t i e s on the nursing unit has implications for the t o t a l amount 
of space required and the assignment of th i s space to rooms, corr idors , 
e t c . , the th ird term in the cost function a l so varies with design. 

I f th is function i s to be optimized, the constant term may be 
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ignored. Thus, i t is seen that the quantitative aspects of design 
decisions may be reduced to a consideration of a cost function which 
combines only traffic costs and amortized construction costs. (5) 

The present study was undertaken as part of a research project en

t i t led "Quantitative Methods for Evaluating Hospital Designs" which is 

supported by a United States Public Health Service (USPHS) grant. Phase I 

of this project was concerned with the development of a procedure for 

evaluating hospital designs, with emphasis on the nature and cost of 

traffic flow on the nursing unit and between the nursing unit and other 

departments of the hospital. This phase of the project was concluded with 

the completion of Freeman's dissertation and Ortega's thesis (6) . 

The present study is part of Phase I I of the USPHS project and is 

concerned with the application of the evaluation procedure developed in 

Phase I to various alternative hospital designs. The study was conducted 

in order to i l lustrate the practical value of the results of Phase I to 

the hospital planner. 

Importance of the Problem 

The importance of the problem of this study can be documented by 

the United States Public Health Service (USPHS), the largest single 

financial supporter of hospital and health research, which has specifically 

stated the need for the development of practical tools for the evaluation 

of hospital designs. In a publication outlining areas of needed research 

interest, the USPHS listed the following needs (7 ) : 

"Evaluation and development of planning guides for the 
construction of physical fac i l i t ies . . . " 

"The need for improved functional design of structure 
for maximum efficiency . . . " 



"Space requirements, including f l oor plans and t r a f f i c 
flow . . . " 

The evaluation of inpatient nursing unit designs i s of further 

importance because i t may provide monetary savings in the construction 

of hosp i ta l f a c i l i t i e s and i t may promote more e f f ec t ive u t i l i z a t i o n of 

a l imited supply of qual i f i ed nursing personnel. Potent ia l economic bene

f i t s of be t ter hospi ta l design may be seen by examining the trend in the 

investment in hospi ta l f a c i l i t i e s , expenses and patient-day costs ( 8 ) . 

The value of hosp i ta l assets increased from about f i v e b i l l i o n dol lars in 

19^6 to more than 26 b i l l i o n dol lars in 1966, an increase of more than ^00 

percent. During this same twenty-year period annual hosp i ta l expenses rose 

from about two b i l l i o n dol lars to more than 1 ^ b i l l i o n d o l l a r s . This r e 

presents an increase of more than 600 percent in annual hosp i ta l expenses, 

whereas the cost of l i v ing increased only 60 percent during th is period. 

Approximately two-thirds of these annual expenses are for wages and sa lar ies 

paid hosp i ta l employees. A l so during t h i s same period costs per patient-day 

in voluntary hospi ta l s increased from $10.04 to $M3.82, not including p r i 

vate medical care and certain drugs. I t i s not suggested that a large pro

portion of these costs can be saved by the appl icat ion of the resu l t s of 

th i s study. However, since nursing service does account for almost two-

f i f t h s of a l l labor costs and i t has been estimated that nursing departments 

in short-term general hospi ta ls account for almost one-half of the construc

t ion c o s t s , even a small percentage savings would y i e l d a s ign i f i cant abso

lute economic return ( 9 ) . 

The current shortage of health manpower a lso demonstrates the impor

tance of th i s problem. Some way must be found to increase the product ivi ty 
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o f t h e a v a i l a b l e p e r s o n n e l s u c h a s r e l i e v i n g t h e m o f n o n p r o d u c t i v e a c t i v i 

t i e s , f o r e x a m p l e , t r a v e l i n g b e t w e e n f u n c t i o n a l p o i n t s o n a n u r s i n g u n i t . 

I f m o r e e f f i c i e n t n u r s i n g u n i t d e s i g n s c a n b e d e v e l o p e d a n d e v a l u a t e d i t 

m a y b e p o s s i b l e t o r e a l i z e a s a v i n g s i n t i m e e x p e n d e d b y n u r s e s i n n o n 

p r o d u c t i v e t r a f f i c o n a n u r s i n g u n i t . T h e D i r e c t o r o f t h e A m e r i c a n H o s p i t a l 

A s s o c i a t i o n h a s s t a t e d t h a t t h e h e a l t h m a n p o w e r p r o b l e m i s a n e x t e n s i v e o n e 

a n d t h a t n o o t h e r p r o b l e m i s m o r e i n n e e d o f d e f i n i t i o n a n d a c t i o n ( 1 0 ) . 

A n u m b e r o f l e g i s l a t i v e p r o g r a m s h a v e b e e n a i m e d a t m e e t i n g t h e p r o b l e m o f 

h e a l t h m a n p o w e r s h o r t a g e s t h r o u g h e x t e n s i v e t r a i n i n g p r o j e c t s , i n c l u d i n g 

t h e H e a l t h P r o f e s s i o n s E d u c a t i o n a l A s s i s t a n c e A c t o f 1963 , t h e N u r s e T r a i n 

i n g A c t o f I96U, t h e C o m p r e h e n s i v e H e a l t h P l a n n i n g a n d P u b l i c H e a l t h S e r 

v i c e s A m e n d m e n t s o f 1966, a n d t h e A l l i e d H e a l t h P r o f e s s i o n s P e r s o n n e l A c t 

o f 19660 E v e n t h o u g h t h e s e p r o g r a m s h a v e b e e n u n d e r t a k e n t o a l l e v i a t e t h e 

h e a l t h m a n p o w e r p r o b l e m , t h e s h o r t a g e s a r e e x p e c t e d t o b e i n c r e a s e d b y t h e 

i n c r e a s e d d e m a n d s a s s o c i a t e d w i t h t h e i m p l e m e n t a t i o n o f M e d i c a r e . 

M c N u l t y ( l l ) m a y h a v e i d e n t i f i e d t h e b a s i s o f t h e h e a l t h m a n p o w e r 

p r o b l e m w h e n h e s t a t e d t h a t t h e p r o d u c t i v i t y g a i n s o f h o s p i t a l s h a v e n o t 

m a t c h e d t h e p r o d u c t i v i t y g a i n s i n o t h e r a r e a s o r i n d u s t r i e s . T h e r e s u l t s 

o f t h i s s t u d y s h o u l d p r o m o t e s o u n d h o s p i t a l d e s i g n d e c i s i o n s , a n d h e n c e , 

b e t t e r p e r s o n n e l u t i l i z a t i o n a n d p r o d u c t i v i t y . 

O b j e c t i v e 

T h e o b j e c t i v e o f t h i s s t u d y i s t o e v a l u a t e a n u m b e r o f i n p a t i e n t 

n u r s i n g u n i t d e s i g n s , v a r y i n g t h e s h a p e , t h e n u m b e r o f p a t i e n t r o o m s , t h e 

n u m b e r o f p a t i e n t s p e r r o o m , a n d t h e a r r a n g e m e n t o f a l l f u n c t i o n a l p o i n t s 

i n o r d e r t o a s c e r t a i n t h e r e l a t i v e e f f i c i e n c i e s o f a l t e r n a t i v e d e s i g n s . 
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Scope and Limitations 

There ex i s t s a large number of inpatient nursing unit designs and 

design variat ions and i t i s neither prac t i ca l nor poss ib le to evaluate 

each one. Therefore, i t was necessary to l i m i t the designs to be evaluated 

in th i s study to a number of inpatient nursing units which formed a repre

sentat ive c o l l e c t i o n . 

This study i s l imited to the evaluation of se lected versions of 

medical u n i t s , surgical u n i t s , and combination units which contain both 

medical and surgical pat ients of short-term, general , voluntary hosp i ta l s . 

The study i s r e s t r i c t e d to these types of units because the method develop

ed by Freeman provides a model for predicting trave l frequencies on only 

these three types . 

Since the purpose of th is study i s to i l l u s t r a t e to the hosp i ta l 

planner how one might evaluate inpatient nursing unit designs on a quanti

ta t ive b a s i s , no attempt was made to val idate Freeman's model or to change 

any of the model parameters. 

Since exist ing nursing unit designs were se lected for evaluation, 

th i s study i s not intended to be a structured or control led experiment. 

The s ize of rooms, locat ion of e levators , and other archi tectural consi 

derations were not contro l led . Therefore, the e f f ec t of these considera

t ions upon the r e l a t i v e e f f i c i ency of the se lected units was not measured. 

I t should a l so be noted that since the evaluation procedure i s based 

on monetary c o s t s , the e f f ec t s of non-monetary decis ion determinants were 

not considered. Hence, re su l t s are intended to be used only as a supple

ment to good judgment on the part of the hosp i ta l planner. 
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CHAPTER I I 

LITERATURE SURVEY 

The work of Frederick W. Taylor during the early part of th i s cen

tury created interest in the e f f ec t s of f a c i l i t i e s locat ion upon t r a f f i c 

patterns and costs in hosp i ta l s . Professor W. Gilman Thompson of Cornell 

Universi ty published an a r t i c l e (12) in 1 9 1 3 , which i s probably one of 

the ear l i e s t published studies dealing with this problem. In th i s a r t i c l e 

he acknowledged the work of Taylor in the manufacturing industries and 

suggested that s imilar methods be applied to work in the h o s p i t a l . As an 

i l l u s t r a t i o n of how these methods might be applied to the work within the 

hosp i ta l he described the re su l t s of several of his studies dealing with 

traff ic , patterns and walking distances . In these studies he recorded the 

distance traveled by nurses performing their duties and attempted to re la t e 

these distances to the funct ional arrangement of f a c i l i t i e s on the nursing 

uni t . 

Between the time of Thompson's studies and the end of World War I I 

there was a def in i te lack of interest in planning hospi ta l f a c i l i t i e s to 

accommodate spec i f i c t r a f f i c patterns . This i s evidenced by the general 

lack of relevant l i t e r a t u r e during this period. 

More emphasis was placed on the need for improvement in the design 

of hospi ta ls and the need for planning hosp i ta l f a c i l i t i e s to accommodate 

spec i f i c t r a f f i c patterns following the establishment of the National 

Hospital Program of the United States Public Health Service in 19^6. As 
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early as 19^6, the re su l t s of research sponsored by the Divis ion of Hospital 

F a c i l i t i e s of the USPHS were being published in the hosp i ta l l i t e r a t u r e . 

The resu l t s of these research projects developed guidel ines and suggestions 

for the planning of f l oor space requirements and f a c i l i t i e s for the various 

hosp i ta l departments and suggested layouts were presented. These guide

l ine s and suggestions were based on experience and judgment instead of 

j u s t i f i a b l e quanti tat ive c r i t e r i a . 

The Hospital Survey and Construction Act of 19^6 was a l so instrumen

t a l in af fect ing the direct ion of hospi ta l design. In order to qual i fy for 

federal support under the provisions of this a c t , i t was necessary for 

construction projects to s a t i s f y certain minimal design standards pertain

ing to f l o o r space per bed, per room, and per department; number of beds 

per room; nursing unit s i z e ; and various other design decisions (13) . 

In. 1955 the Nuf f ie ld Provincial Hospitals Trust (l^-) conducted one 

of the e a r l i e s t studies of a quantitat ive nature examining the e f fec t s of 

designs and f a c i l i t i e s upon the patterns of work. The actual po int - to -po int 

sequence of nurses' movements on the nursing units of three hospi ta l s were 

studied from the point of view of the use of space and provis ion of anc i l lary 

rooms and serv ices . For purposes of analyzing the t r i p s , the nursing units 

were considered to consist of two elements: the beds, and the anc i l lary rooms 

and serv ices , the three most important rooms being the kitchen, the d i r t y -

u t i l i t y room, and the c l e a n - u t i l i t y room. The observed tr ips were cate

gorized as either t r ips into the bed area, t r ips between the bed area and 

an anc i l l ary room, and tr ips between two anc i l l ary rooms. The resu l t s of 

these studies indicated that the d i s tr ibut ion of frequencies for the three 

categories of tr ips were s imi lar despite the differences in the layouts of 
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the nursing un i t s . This finding has implications for the study being r e 

ported here in terms of the degree to which a t r a f f i c frequency model de

veloped in one in s t i tu t ion may be applied to another i n s t i t u t i o n with 

s imilar services but d i f ferent layouts , which i s exact ly what the present 

study e n t a i l s . 

Freeman (15) c i t ed a study reported in i960 which attempted to deter

mine i f increases in the amount of qual i ty of nursing care resulted in 

corresponding improvements in pat ient wel fare . As Freeman s t a t e s : 

The major finding was that , when the s i ze of a un i t ' s nursing s ta f f 
was increased without increasing the pat ient load, the members of the 
s ta f f did not red i s tr ibute their time in such a way that more time 
would be a l located to those nursing a c t i v i t i e s which were thought to 
be of most benef i t to the pa t i en t s . Even though th i s study did not 
consider the e f f ec t s of a l ternat ive physical designs, i t suggested that 
po tent ia l benef i ts of design changes which tend to reduce nursing labor 
may not be f u l l y r e a l i z e d , since nurses do not automatically adjust 
the ir a c t i v i t y patterns in the most b e n e f i c i a l manner. ( l6) 

In i960 P e l l e t i e r and Thompson reported the resu l t s of one of the 

e a r l i e s t attempts to evaluate inpatient nursing units on a quanti tat ive 

bas i s ( 1 7 ) ( l 8 ) . They ident i f i ed s ixteen separate areas on a t y p i c a l nurs

ing unit and observed the number of tr ips between them. Each pair of areas 

was referred to as a "link" with the number of poss ib le l inks in a system 

of s ixteen areas being 120. "It was found that more than 91 percent of 

the t r a f f i c on the unit could be accounted for by only 1^ l inks involving 

seven of the 16 areas" (19). These l inks were considered the prime deter

minants of the funct iona l e f f i c i ency of a part icular inpatient nursing de

s ign. The "Yale Traf f ic Index" which was used to make comparative evalua

t ions of inpatient nursing units with s imilar f a c i l i t i e s but di f ferent l ay 

outs was calculated by multiplying the actual length of each l ink by the 

weight ( r e l a t i v e tr ip frequencies) of each l ink and to ta l ing the products. 



10 

This study i s s ign i f i cant "because i t i s one of the f i r s t attempts to develop 

a procedure to evaluate the funct ional e f f i c i ency of an inpatient nursing 

unit design on a quanti tat ive b a s i s . The usefulness of this procedure i s 

l imi ted by the f a i l u r e to incorporate labor costs and construction costs 

in the evaluation procedure and because no attempt was made to re la te t r i p 

frequencies to patient census, nursing unit s i z e , and number of pat ients 

per room. 

In 1963 and 196k two publicat ions of the American Hospital Assoc ia

t ion reported the preliminary resu l t s of a research projec t conducted by 

Souder. One of these studies (20) developed methods for estimating space 

requirements and costs for the construction of general hospi ta l s and the 

other (21) was concerned with the development of c r i t e r i a for hosp i ta l 

planning and design. The second study resul ted in the development of a 

computerized method for evaluating a l ternat ive designs u t i l i z i n g a d i g i t a l 

computer equipped with an osc i l loscope to scan background data and measure 

the ef fect iveness of designs against scales of performance values. 

In an a r t i c l e (22) published in 196^, McLaughlin noted: 

Surprisingly few studies have been made on the e f f i c i ency of 
nursing unit design, and even the studies in existence have not been 
carried forward and applied to the analysis of nursing unit plans 
which are s imilar in the number and type of bedrooms, s u p p o r t ( f a c i l 
i t i e s , and other features, but d i f ferent in shape. 

McLaughlin then proceeded to evaluate eight a l ternat ive nursing unit designs 

using an adaptation of the "Yale Traf f ic Index." He did carry the analysis 

one step further than the Yale researchers by calculat ing a construction 

cost factor per bed. However, he did not attempt to convert the Yale Index 

to a cost index nor did he try to combine this index with the construction 

cos t . 
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The interest in quantitative criteria for the design of hospital 

fac i l i t ies is demonstrated by a case study presented by Dudek (23) in a 

recently published book concerning industrial engineering in the hospital 

environment. In this study a quantitative approach to the proximity chart 

is used to determine the relative location of fac i l i t ies in a hospital. 

This study demonstrates the potential of quantitative techniques for the 

design of hospital fac i l i t ies and the need for the cooperation of the 

engineer and architect. 

In summary, i t has been shown that there exists a need for quanti

tative criteria for the evaluation of hospital designs. In addition, there 

exists a need for a procedure for evaluating alternative designs on the 

basis of these quantitative criteria. The present study wil l i l lustrate 

the use of just such an evaluation procedure in hopes of expanding the 

limits of present knowledge concerning the evaluation of inpatient nursing 

unit designs. 
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C H A P T E R I I I 

M E T H O D O F P R O C E D U R E 

T h e m e t h o d o f p r o c e d u r e u s e d i n c o n d u c t i n g t h i s s t u d y c o n s i s t e d o f 

t h e f o l l o w i n g s t e p s : 

1 . C o l l e c t a l a r g e n u m b e r o f i n p a t i e n t n u r s i n g u n i t d e s i g n s . 

2 . S e l e c t a r e p r e s e n t a t i v e c o l l e c t i o n o f i n p a t i e n t n u r s i n g u n i t 

d e s i g n s t o b e e v a l u a t e d . 

3. C a t e g o r i z e t h e i n p a t i e n t n u r s i n g u n i t d e s i g n s i n t h e r e p r e s e n t a 

t i v e c o l l e c t i o n . 

h. A p p l y t h e e v a l u a t i o n p r o c e d u r e t o t h e s e l e c t e d i n p a t i e n t n u r s 

i n g u n i t d e s i g n s . 

T h e c o l l e c t i o n o f a l a r g e n u m b e r o f i n p a t i e n t n u r s i n g u n i t d e s i g n s , 

f r o m w h i c h a r e p r e s e n t a t i v e g r o u p w o u l d b e s e l e c t e d , w a s o b t a i n e d f r o m 

n u m e r o u s s o u r c e s . A m o n g t h e s e s o u r c e s w e r e h o s p i t a l a n d a r c h i t e c t u r a l 

l i t e r a t u r e , t e x t b o o k s , A t l a n t a , G e o r g i a a r e a h o s p i t a l s , a n d U n i t e d S t a t e s 

P u b l i c H e a l t h S e r v i c e p u b l i c a t i o n s . 

A r e p r e s e n t a t i v e g r o u p o f i n p a t i e n t n u r s i n g u n i t d e s i g n s w a s s e 

l e c t e d f r o m t h e a b o v e c o l l e c t i o n . T h i s s e l e c t i o n p r o c e s s w a s b a s e d o n t h e 

s h a p e o f t h e n u r s i n g u n i t , t h e n u m b e r o f p a t i e n t r o o m s , t h e n u m b e r o f 

p a t i e n t s p e r r o o m , a n d t h e a r r a n g e m e n t o f f u n c t i o n a l p o i n t s o n t h e n u r s i n g 

u n i t . D u r i n g t h i s s e l e c t i o n p r o c e s s e m p h a s i s w a s p l a c e d o n n u r s i n g u n i t 

d e s i g n s o f r e c e n t y e a r s . 

I t w a s d e c i d e d t h a t a r e p r e s e n t a t i v e g r o u p o f i n p a t i e n t n u r s i n g u n i t 
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designs had been obtained when i t was no longer poss ib le to f ind a design 

(from those ava i lab le ) which was neither included in the group nor was a 

variat ion of a design already included. 

The fourteen inpatient nursing unit designs se lected as a representa

t i v e group were categorized as fo l lows: 

Single Corridor Nursing Unit - - A nursing unit with simple c i rcu la 

t ion (only one path from A to B) which has a l l i t s funct ional points located 

along a s ingle s tra ight corridor. 

Double Corridor Nursing Unit - - A nursing unit with compound c i rcu la 

t ion (a l ternate paths from A to B) which has a l l i t s funct ional points located 

along a corridor which forms a c losed loop. This c losed loop i s equivalent 

to two p a r a l l e l corridors which are joined at the ends and poss ib ly at some 

point or points between the ends. 

Circular Nursing Unit - - A nursing unit with compound c ircu la t ion 

which has a l l i t s funct ional points located along a corridor which forms a 

closed loop in the shape of a c i r c l e . 

Angular Nursing Unit - - A nursing unit which did not qual i fy for one 

of the above categories was placed in this category. There were several 

units which were placed in th is category in the study reported here; namely, 

a T-shaped un i t , a cross-shaped uni t , , and a triangular-shaped u n i t . 

The evaluation procedure was used to evaluate the inpatient nursing 

unit designs in the representat ive group a f ter they had been categorized. 

A descript ion of the methods used in applying the evaluation procedure w i l l 

be postponed u n t i l the next chapter since a discussion of the procedure 

w i l l be presented along with the r e s u l t s . 
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C H A P T E R I V 

E V A L U A T I O N P R O C E D U R E 

I N ORDER TO MAKE C O M P A R I S O N S OF I N P A T I E N T N U R S I N G U N I T D E S I G N S W I T H 

S I M I L A R S E R V I C E S B U T D I F F E R E N T L A Y O U T S ON THE B A S I S OF R E S U L T S OF THE 

E V A L U A T I O N P R O C E D U R E P R E S E N T E D I N T H I S C H A P T E R , TWO B A S I C A S S U M P T I O N S MUST 

B E M A D E : 

1 . N U R S I N G A C T I V I T I E S ARE U N I F O R M L Y P E R F O R M E D THROUGHOUT THE 

U N I T E D S T A T E S . 

2 . A T R A F F I C F R E Q U E N C Y MODEL D E V E L O P E D I N ONE I N S T I T U T I O N MAY B E 

A P P L I E D TO OTHER I N S T I T U T I O N S W I T H S I M I L A R S E R V I C E S B U T D I F F E R E N T L A Y O U T S . 

P R E V I O U S S T U D I E S C I T E D I N THE L I T E R A T U R E S U R V E Y OF T H I S S T U D Y I N D I 

C A T E THAT B O T H OF THE A B O V E ARE R E A S O N A B L E A S S U M P T I O N S . 

I T WAS A L S O N E C E S S A R Y TO MAKE SOME A S S U M P T I O N ABOUT THE D I S T R I B U 

T I O N OF P A T I E N T T Y P E S I N ORDER TO U S E THE MODELS D E V E L O P E D B Y FREEMAN ( 2 U ) 

I N E S T I M A T I N G THE T R A V E L F R E Q U E N C I E S FOR THE F O U R T E E N N U R S I N G U N I T S P R E 

S E N T E D I N F I G U R E S 1 THROUGH ih. ( T A B L E 1 I S A L I S T I N G OF T H E S E F O U R T E E N 

U N I T S AND T A B L E 2 I S A L E G E N D F O R F I G U R E S 1 THROUGH lh.) S O THAT C O M P A R I 

SONS COULD B E MADE ON THE SAME B A S I S AND TO K E E P THE C A L C U L A T I O N S A S S I M P L E 

A S P O S S I B L E , I T WAS A S S U M E D THAT A L L OF THE U N I T S C O N T A I N M E D I C A L AND 

S U R G I C A L P A T I E N T S I N THE SAME P R O P O R T I O N S AND THAT A P A T I E N T ON A N Y OF THE 

U N I T I S E Q U A L L Y L I K E L Y TO B E I N A N Y OF THE S I X P A T I E N T C L A S S I F I C A T I O N S U S E D 

I N THE O R I G I N A L MODEL D E V E L O P M E N T . ( T H E S E P A T I E N T C L A S S I F I C A T I O N S W E R E : 

M E D I C A L T O T A L C A R E , M E D I C A L P A R T I A L C A R E , M E D I C A L S E L F C A R E , S U R G I C A L T O T A L 
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Table 1... L i s t ing of Study Nursing Units 

Nursing Number 
Unit Category of Beds 

1 Single Corridor 30 

2 Single Corridor kk 
3 Single Corridor 52 

k Single Corridor ko 
5 Double Corridor kk 
6 Double Corridor ho -* 
7 Double Corridor ko 

C
O

 Double Corridor 2k 
9 Circular ko 

10 Circular ko 
1 1 Circular 2k 
1 2 Angular, T-shaped ko 

•X-

1 3 Angular, Crossed-shaped 63 

Ik Angular, Triangular 32 

These a typica l units were included because they were avai lable in the 
l i t e ra ture and i t was of interes t to see how they compared with the 
other u n i t s . 



Table 2 . Legend for Study Nursing Units 

Nurses' Station (N) - - Area which includes the chart room and the 

ward c l erk ' s work area as wel l as the nurse c a l l system. 

Clean Supplies (c) - - Area or room which contains supplies such as 

t o i l e t t i s s u e , prep k i t s , e tc . 

Laundry Chute (L) - - Means by which d i r ty l inen items are returned 

to the laundry to be cleaned. 

Kitchen (K) - - Area in which ice for drinking water and certain 

specia l -order foods are kept. 

Elevator (E) - Means by which personnel leave or enter the nurs

ing uni t . 

Patient Rooms (p) - Rooms in which the pat ients are housed, l i s t e d 

by number. 
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care , surgical p a r t i a l care, and surgical s e l f care . ) 

With these assumptions i t was poss ib le to ca lculate the expected 

trave l frequencies between functional points of a nursing unit by using 

the expressions in Table 3 and the constants of proport ional i ty in Table 

k} as developed by Freeman. 

The constants of proport ional i ty in Table k are needed for predicting 

the number of t r ips between pairs of patient rooms. I t was found in the 

or ig ina l model development that as the distance between two rooms containing 

given patient populations increased, the number of tr ips between these 

rooms decreased. I t was a l so found that i f the distance between two rooms 

i s greater than twelve the frequency of tr ips between these two rooms goes 

to zero. The measure of distance used consisted of ranking the pat ient 

rooms with respect to distance down the corridor from the nurses' s tat ion 

in either direct ion and taking the absolute value of the difference between 

the ranks for any pair of patient rooms as the measure of distance between 

them. 

Travel Frequencies 

In order to understand the expressions in Table 3 the reader should 

be fami l iar with the fol lowing abbreviations and def in i t ions of the func

t iona l points of the nursing unit as used in th i s study: 

Nurses' Station ( N ) - - Area which includes the chart room and the 

ward c lerk ' s work area as wel l as the nurse c a l l system. 

Clean Supplies (c) - - Area or room which contains supplies such as 

t o i l e t t i s s u e , prep k i t s , e tc . 

Laundry Chute ( L ) - - M e a n s by which d ir ty l inen items are returned 



T a b l e 3 . E x p e c t e d T r a v e l F r e q u e n c i e s f o r S t u d y C o m p a r i s o n s 

T r i p E x p e c t e d T r a v e l F r e q u e n c y 

P . - N + E . P ' . ^ 3 . 7 7 Q f . n 

P . o P . a , [ : ( P . - N + S P ' ) + ( P , - N + £ P ' ) ] 
l j i - J i 1 J J 

N . p . ( P . - N + S P f ) - L . P . - P . 
N i v l i J i J 

P . - C 2 . 0 9 n . 
I i 

P . - L 1 . 2 5 i n , 

P i - K ^ . 9 1 n± 

P . - E 0 . 6 l n . 

1 1 

N . C 2 8 . 8 1 + 0 . 0 8 8 S . n . 
N 1 1 

N . L O.kOO S n . 

N . K 2 . 1 9 0 E . n . 
1 1 

N • E ' 1 6 . 8 7 + 0 . 5 9 1 

P . P . r e f e r s t o t r a v e l b e t w e e n p a t i e n t r o o m s i a n d j . 

1 J 

Oi. i s e q u a l t o 1 . 0 0 0 i f t h e t o t a l n u m b e r o f p a t i e n t s i n r o o m i i s 

o n e , O . 8 8 9 i f t h e r e a r e t w o p a t i e n t s , O . 8 U 9 i f t h e r e a r e t h r e e 

p a t i e n t s , a n d O . 8 3 8 i f t h e r e a r e f o u r p a t i e n t s . 

n ^ r e f e r s t o t h e t o t a l n u m b e r o f p a t i e n t s i n r o o m 1 . 

. r e f e r s t o t h e c o n s t a n t s o f p r o p o r t i o n a l i t y i n T a b l e 2 . 
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Table h. Constants of Proport ional i ty . ) for Trips Between Rooms 

Distance Constant of 
Between Rooms Proport ional i ty 

1 0.063 2 O.Ok-3 

3 0.025 k 0.018 5 0.013 6 0.010 7 0.009 00 0.007 9 0.006 10 0.005 n 0.003 12 0.002 
13 or greater 0.000 



3h 

to the laundry to be cleaned. 

Kitchen (K) - - Area in which ice for drinking water and certain 

special-order foods are kept. 

Elevator (E) - -Means by which personnel leave or enter the nurs

ing un i t . 

Patient Rooms (P) - - Rooms in which the patients are housed, l i s t e d 

by number. 

The f i r s t step in evaluating the nursing unit designs was to calcu

la t e the expected t rave l frequencies between the functional points on each 

nursing unit by using the expressions in Table 3 and the constants of pro

por t iona l i ty in Table h. The only exception to the use of the expressions 

in Table 3 was that i f the shortest route between two patient rooms passed 

by the nursing s tat ion then there was considered to be no trave l between 

this pair of rooms. This provided a consistent method of assigning trave l 

frequencies and did not resu l t in any error in the t o t a l distance trave l led 

since a t r ip of this nature s t i l l showed up as two separate tr ips between 

the nursing s tat ion and each patient room of such a pa ir . 

The matrix of t rave l frequencies for the nursing unit of Figure 3 

i s shown in Table 5« The values of this matrix fol low d i r e c t l y from the 

information presented in Tables 3 and k, except for the 7 "by 6 sub-matrix 

consist ing of a l l zeros which i l l u s t r a t e s the exception noted above. 

The elements of the matrix in Table 5 are based on f u l l occupancy 

of the nursing unit and must be adjusted for the ordinary s i tuat ion in 

which occupancy i s l e s s than 100 percent. This was done by using the 

national average occupancy rate for a l l accredited, short-term, general , 

voluntary, non-profit hospi ta ls which i s 79«5 percent (25) . I f the elements 



Table 5. Travel Frequency Matrix for Nursing Unit of Figure 3 

C L K E 1 2 3 k 5 6 7 9 10 11 12 13 ik 
33.39 20.80 113.88 U7.60 96.23 80.69 71.88 69.8.1 71.88 

0 0 0 8.38 8.38 8.38 8.38 8.38 

0 0 5.00 5.00 5.00 5.00 5.00 

0 19.65 19.65 19.65 19.65 19.65 2.hk 2.kk 2.hh 2.kk 2.kh lQ.k-9 12.62 7c3^ 5.28 3.82 
18.h9 12.62 7.3^ 5.28 lQ.k9 12.62 7.3^ lQ.k-9 12.62 

18.1+9 

80.69 96.23 99.18 84.50 77.16 77.16 84.50 99.18 N 

8.38 8.38 8.38 8.38 8.38 8.38 8.38 8.38 c 

5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 L 

19.65 19.65 19.65 19.65 19.65 19.65 19.65 19.65 K 

2M 2.hk 2.44 2.kh 2.44 2.44 2.44 2.44 E 

2.9k 0 0 0 0 0 0 0 1 

3.82 0 0 0 0 0 0 0 2 

5.28 0 0 0 0 0 0 0 3 
7.34 0 0 0 0 0 0 0 4 

12.62 0 0 0 0 0 0 0 

L
T

\ 

18. k9 0 0 0 0 0 0 0 6 

0 0 0 0 0 0 0 7 

18. k9 12.62 7.34 5.28 3.82 9 
18.49 12.62 7.34 5.28 10 

18.1+9 12.62 7.34 11 
12.62 12 

18. h-9 13 



36 

of the travel frequency matrix are f_ , then the elements of the adjusted 

frequency matrix are equal to 0.795 f. •• 
i j 

Direct Labor Costs for Travel 

The f i rs t requirement in using these adjusted frequencies to calcu

late the traff ic costs for a particular nursing unit is a matrix of travel 

distances for each pair of functional points. Therefore, the second step 

in evaluating the nursing units was to construct travel distance matrices 

for each of the units using measurements taken directly from the floor-plan 

drawings. Table 6 is the travel distance matrix for the nursing unit of 

Figure 3. 

The elements of these travel distance matrices were converted to 

standard times per trip occurrence by multiplying by a constant which re

presents the standard time for walking a unit distance. By using four feet 

per second as normal walking speed and allowing 10 percent of normal time 

as the personal and fatigue allowance, this constant becomes 7.6U x 10 

I f the element of the travel distance matrix is d . . then the element of 
_ c 

the labor-hours per occurrence matrix is 7.6k d . . x 10 

Labor times were converted to labor cost per occurrence by multiply

ing by the appropriate hourly wage rate from Table 7. These wage rates are 

adjusted for the types of nursing personnel contributing to the different 

categories of trips as well as for non-productive work and fringe benefits. 
I f w-* represents the hourly adjusted wage rate for a trip between points 

-L J 

i and j , then the elements of a labor-cost per occurrence matrix can be 

computed with i t s elements equal to 7.6k d . . w. . x 10 

I t is now possible to compute a travel cost matrix whose elements 



Table 6.. Travel Distance Matrix for Nursing Unit of Figure 3 

K E 1 2 3 k 5 6 7 9 10 11 12 13 Ik 

27 22 96 8k 71 6o 5k kk 30 36 kQ kQ 58 7k 82 N 

66 3̂ 132 120 107 96 90 80 66 16 28 28 38 52 62 C 

66 3̂ 132 120 107 96 90 8o 66 16 28 28 38 52 62 L 

kk 75 63 50 39 33 23 10 70 82 82 92 106 116 K 

110 98 85 7k 68 58 kk 52 6k 6k 7^ 88 98 E 

20 33 kk 50 60 7k 138 150 150 ' 160 17k 18k 1 
20 31 37 61 125 137 137 1̂ 7 161 171 2 

20 26 36 50 Ilk 126 126 136 150 l6o 3 
ik 2k 38 102 Ilk Ilk 12k 138 ikQ k 

18 32 96 108 108 118 132 lk2 5 
23 85 99 99 109 123 133 6 

73 87 87 97 111 121 7 
20 20 30 kk 5̂  9 

8 18 32 k2 10 
18 32 k2 11 

22 32 12 
18 13 



Table 7. Wage Rates for Trip Categories 

Trip Weighted Wage Rate Adjusted Wage Rate 

N'P $ 2.32 $ 2.95 

P.P 2.19 2.78 

P-C 1.87 2.38 

P-L 1.81 2.30 

P«K- •1.97 2.50 

P-E 1.76 2.21+ 

N-C 1.99 2.53 

N-L 1.96 2.k9 

N-K 2.32 2.95 

N«E 2.01 2.55 



39 

are equal to 0.795 f. . (7 .64 d. . w.. . x 10~ p ) , which reduces to 6.07 f. . 

-5 

d. . w. . x 10 . The sum of a l l the elements of this t rave l cost matrix 

represents the t r a f f i c cost for a f u l l 24-hour day of the nursing un i t . 

A simple computer routine was written to perform these computations for 

the fourteen nursing units of th i s study. Table 8 shows the da i ly t r a f f i c 

costs for each of the units as wel l as the number of beds, average census 

and t r a f f i c costs per patient-day. 

Construction Costs 

The third step in evaluating the nursing units was to determine the 

construction costs of each. Souder's method (26) for estimating costs in 

general hosp i ta l construction was used for th i s purpose. In Souder's 

method the cost per square foot of a part icular area i s equal to an index 

for that area times the cost per square foot for the ent ire hosp i ta l . 

For the inpatient nursing unit Souder gives two separate construc

t ion cost indices which are 1.13 for "bed services" and 0.70 for internal 

c i rcu la t ion . The term "bed services" refers here to a l l area other than 

that provided for internal c i rcu la t ion . With these indices i t i s poss ib le 

to estimate the cost per square foot of the inpatient nursing unit in 

terms of the cost per square foot of the ent ire hosp i ta l . For the purpose 

of comparing the study nursing units the average cost f igures for the 

At lanta area ($24.94 per square foo t ) were chosen since th i s i s consistent 

with the Atlanta area wage rates used previously . Tables 9 and 10 show 

the areas and the estimated construction costs for the fourteen nursing 

uni ts of this study. 
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Table 8. Traff ic Costs for Study Nursing Units 

Nursing Total Dai ly Number Average^ Traff ic Costs 
Unit Traf f ic Costs of Beds Census Per Patient-Day 

1 $ 10.78 30 23.85 $ 0.U5 

2 13.76 kk 3^.98 0.39 

3 19.10 52 kl.3k o.k6 

k 9.kk ko 31.80 0.30 

5 12.6U kk 3^.98 0.36 

6 8.65 ho 31.80 0.27 

7 21.95 ko 31.80 0.69 

8 ^.33 2k 19.08 0.23 

9 11.28 ko 31.80 0.35 

10 8.60 ko 31.80 0.27 

11 U.85 2k 19.08 0.25 

12 11.53 ko 31.80 0.36 

13 26.10 63 50.09 0.52 

ik 8.28 32 25. kk 0.33 

Based on an occupancy rate of 79*5 percent. 



Table 9« Floor Space for Study Nursing Units 

Nursing Total Number Square Feet 
Unit Area of Beds Per Bed 

1 9,370 30 312 

2 10,000 44 228 

3 9,850 52 189 

4 8,737 40 218 

5 8,876 44 202 

6 8,158 40 202 

7 7,092 4o 177 

C
O

 5,091 24 212 

9 10,330 4o 258 

10 8,598 4o 215 

n 5,466 24 228 

12 9,165 4o 229 

13 18,063 63 287 

l4 8,081 : 32 253 



Table 10. Estimated Construction Costs for Study Nursing Units 

Nursing 
Unit 

Square Feet , 
Bed Services 

Square Feet , 
Internal Circulat ion 

Construction 
Cost 

1 6,952 2,4l8 $ 238,126 

2 7,84o 2,160 258,645 

3 7,539 2,311 252,799 

4 7,299 1,438 230,793 

5 6,776 2,100 227,6i4 

6 6,095 2,063 207,777 

7 4,857 2,235 175,893 

C
O

 3,847 1,244 130,129 

9 7,631 2,699 262,166 

10 6,275 2,323 217,389 

11 4,115 1,351 139,549 

12 7,164 2,001 236,819 

13 15,323 2,740 479,643 

14 6,396 1,685 209,659 

•a* 
Based on At lanta , Georgia construction c o s t s . 
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Combining Costs 

In order to combine the cost of t r a f f i c and the cost of construction, 

i t i s necessary that both be expressed in the same units of measurement. 

I t seems l o g i c a l to convert the construction costs to a per patient-day 

bas is since this is simple and e a s i l y understood. Another advantage of 

th i s conversion i s that the t r a f f i c costs have already been expressed in 

th is manner. 

The i n i t i a l construction costs for the study nursing units were 

converted to a year ly bas is by using the engineering economy concept of 

cap i ta l recovery. A recovery period of th ir ty years and an interest rate 

of 5 percent were assumed for th i s purpose. The annual costs were converted 

to dai ly costs by dividing by 365 days per year. Construction costs per 

patient-day were calculated by dividing the da i ly construction costs by the 

average census of each un i t . The construction cost per day and construc

t ion cost per patient-day for each of the study nursing units are both 

shown in Table 11. 

Since t r a f f i c costs and construction costs are now on a per pat ient -

day bas is they may be combined by adding. This sum i s shown for each of 

the nursing units of this study in Table 12. The annual cost for a 100-bed 

hosp i ta l and a 500-bed hospi ta l are a lso shown in this table so that the 

reader might appreciate the f u l l impact of these nursing unit costs upon 

the ent ire hosp i ta l . 



T A B L E 11. C O N S T R U C T I O N C O S T S P E R P A T I E N T - D A Y F O R S T U D Y N U R S I N G U N I T S 

N U R S I N G C O N S T R U C T I O N C O N S T R U C T I O N C O S T 

U N I T C O S T P E R D A Y P E R P A T I E N T - D A Y 

1 $1+2.1+1+ $ 1.78 

2 1+6.10 1.32 

3 1+5.05 1.09 

1+ 1+1.13 1.29 

5 ^0.57 1.16 

6 37.03 1.16 

7 31,35 0.99 

C
O

 

23.19 1.22 

9 1+6.72 1.1+7 

10 38.7^ 1.22 

11 21+.87 1.30 

12 1+2.21 1.33 

13 85.I+8 1.71 

11+ 37.37 1.1+7 
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Table 12. Combined Costs for Study Nursing Units 

, , . Costs Per Patient-Day Annual Traf f ic and Construction Costs Nursing : 
Unit Traff ic Const. Total 100-Bed Hospital 500-Bed Hospital 

•1 $ 0.45 $ 1.78 $ 2.23 $ 64,709 $ 323,545 

2 0.39 1.32 1.71 49,620 248 ,100 

3 0 . 4 6 1.09 1.55 44,977 224,886 

4 0.30 1.29 1.59 46,138 230,689 

LT\ 0.36 1.16 1.52 44,107 220,533 

6 0.27 1.16 1.43 41,495 207,475 

7 0.69 0.99 1.68 48,749 243 ,747 

oo 0.23 1.22 1.45 42,075 210,377 

9 0.35 1.47 1.82 52,811 264,059 

10 0.27 1.22 1.49 43,236 216,180 

i i 0.25 1.30 1.55 44,977 224,886 

12 0.36 1.33 I .69 49,o4o 245 ,198 

13 0.52 1.71 2.23 64,709 323,545 

14 0.33 1.47 1.80 52,232 261,158 



CHAPTER V 

DISCUSSION 

From the resu l t s presented in Table 12 i t can be seen that the 

difference in the e f f i c i ency of the fourteen nursing unit designs of 

th is study i s considerable. Table 13 i s a ranking of these nursing unit 

designs on the bas is of r e l a t i v e e f f i c i ency . Traf f ic and construction 

cost per patient-day vary from $1.^3 for the most e f f i c i e n t design to 

$2.23 for the l e a s t e f f i c i e n t design. 

This dif ference in costs per patient-day of $0.80 seems quite in

s ign i f i cant . However, there were more than 9,000 new beds provided under 

the Hil l -Burton program in 1966 (27) . This number of beds w i l l accomodate 

more than 2.5 mi l l ion patient-days per year at an occupancy rate of 79*5 

percent. In this case , the saving of $0.80 per pat ient-day would resu l t 

in the potent ia l savings of more than two mi l l ion dol lars annually. From 

this i t can be seen that a savings of $0.80 per patient-day would re su l t 

in monetary returns of substant ia l s i z e s . 

Examination of the ranking in Table 13 indicates that the double 

corridor design i s the most e f f i c i ent , followed in order by the c ircular 

design, s ingle corridor design, and the angular design. The dispersion of 

the design categories in th is ranking can be accounted for by the d i f f e r 

ence in the number of square feet per bed for the individual designs 

within each category. As the number of square feet per bed increases , the 

construction costs r i s e , resul t ing in a lower overa l l e f f i c i ency . 
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Table 13. Ranking of Study Nursing Units 

Traff ic and Construction Nursing 
Rank Costs Per Patient-Day Unit Category 

1 $ 1.43 6 Double Corridor 

2 1.45 8 Double Corridor 

3 1.49 10 Circular 

4 1.52 5 Double Corridor 

5 1.55 11 Circular 

5 1.55 3 Single Corridor 

7 1.59 4 Single Corridor 

8 1.68 7 Double Corridor 

9 1.69 12 Angular, T-shaped 

10 1.71 2 Single Corridor 

11 1.80 l4 Angular, Triangular 

12 1.82 9 Circular 

13 2.23 1 Single Corridor 

13 2.23 13 Angular, Cross-shaped 
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Two exceptions to the above explanation can be noted in the double 

corridor design category. The costs for the design of Figure 1 are higher 

than the other double corridor units even though i t has the smallest num

ber of square feet per bed due to i t s unique design. This unique design 

great ly increases the distance between many of the pairs of patient rooms, 

thereby grea t ly increasing t r a f f i c cos t s . The costs are a lso higher for 

th is design because i t consists of a l l private rooms which w i l l be shown 

to increase t r a f f i c co s t s . For these reasons, the reduction in construction 

costs was unable to o f f s e t the much higher t r a f f i c co s t s . 

The other exception i s that the design of Figure 8 ranks ahead of 

the design of Figure 5 although the l a t t e r has l e s s square feet per bed 

than the former. This exception i s apparently due to the fac t that the 

design of Figure 8 i s only about half as large as the design of Figure 5. 

This difference in s i ze resu l t s in shorter distances between the funct ional 

points on the smaller u n i t , thereby reducing the t r a f f i c co s t s . This r e 

duction in costs was large enough to o f f s e t the higher construction costs 

due to the r e l a t i v e l y small dif ference in the number of square fee t per bed. 

At this point i t seems appropriate to discuss some of the advantages 

and disadvantages of the d i f ferent design categor ies . The chief advantage 

of the double corridor design i s that i t i s the most e f f i c i e n t . Other ad

vantages are that pat ients are not as l i k e l y to see in one another's rooms, 

the nurses' s ta t ion i s centra l ly located and the unit i s e a s i l y divided 

for d i f ferent s ta f f ing patterns . 

The advantages of the s ingle corridor unit are simple c ircu lat ion 

pat terns , good control from the nurses' s ta t ion , and l e s s corridor than 

the double corridor design. The disadvantages are increased distances 
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between funct ional points on the unit and the l ike l ihood of patients being 

able to see into one another's rooms. 

The advantages of the c ircular unit are a centra l ly located nurses' 

s ta t ion and shorter distances between funct ional points on the uni t . The 

disadvantages of th is type of unit are higher costs of construction, compli

cated c irculat ion patterns , l imited s i ze due to the required perimeter which 

forces a large core area upon the design, and lack of control from the 

nurses' s ta t ion . 

The main advantage of the angular unit i s the central locat ion of 

the nurses' s ta t ion . In most cases the distances between funct ional points 

on the unit are l e s s than those for a s ingle corridor un i t . The main d i s 

advantage i s that the angular unit i s the l eas t e f f i c i e n t design. Other 

disadvantages are complicated c ircu lat ion patterns and poor control of the 

unit from the nurses' s ta t ion . 

I t appears that nursing unit designs with compound c ircu la t ion tend 

to be more e f f i c i e n t than those with simple c i rcu la t ion . This resu l t i s 

suggested by the fac t that the double corridor and the c ircular designs, 

which both include compound c i rcu la t ion , were more e f f i c i e n t than the 

other two categories which had simple c i rcu la t ion . The a b i l i t y to choose 

a l ternate paths between funct ional points on a nursing unit design with 

compound c irculat ion resu l t s in shorter distances between these functional 

po ints . The shorter distances re su l t in lower t r a f f i c c o s t s , and hence 

increased e f f i c i ency . 

The resu l t s a l so indicate that mult i -pat ient rooms of a part icular 

design category are general ly more e f f i c i e n t than private rooms of the 

same design category. An examination of Table 13 and Figures 1 through lh 
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indicate that within a design category a unit with, a l l private rooms has 

a lower e f f i c i ency than others within the same category but with mult i -

patient rooms. This resul t i s to be expected since a look at the expres

sions in Table 3 indicates that the more pat ients per room the greater the 

e f f i c i ency in t r a f f i c cos t s . I t should be noted that th is advantage of 

mult i -patient rooms diminishes at an increasing rate as the number of 

pat ients per room increases . I t should also be pointed out that mult i -

pat ient rooms general ly have fewer square fee t per bed which reduces the 

construction c o s t s , and hence increases e f f i c i ency . 

Another apparent resu l t of this study i s that unit design i s more 

important than unit s i ze (number of beds per uni t ) in determining the 

e f f i c iency of an inpatient nursing unit design. This re su l t fol lows from 

the fac t that many of the designs have the same unit s i ze but d i f f er con

siderably in respect to e f f i c i ency due to design considerations. For the 

same reason, many of the larger units are more e f f i c i e n t than the smaller 

units and vice versa. 

Table ik shows the breakdown of costs for the nursing units studied. 

I t should be noted that the construction costs are general ly much larger 

than the t r a f f i c cos t s . Due to the r e l a t i v e magnitude of construction 

costs even a moderate percentage error in construction costs for a p a r t i 

cular unit could resu l t in a change in the r e l a t i v e rank of th i s unit on 

the bas is of e f f i c i ency . The accuracy of the construction cost estimates 

i s unknown and the reader i s cautioned to direct his at tent ion to t h i s . 

I t i s reasonable to assume that i t w i l l cost more to bu i ld a c i r 

cular unit than a s ingle corridor unit of the same number of square feet 

due to construction d i f f i c u l t i e s associated with bui lding a c ircular un i t . 
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Table l 4 . Costs for Study Nursing Units 

Nursing 
Unit 

Traff ic 
Cost Per 
Patient-Day 

Construction 
Cost Per 
Patient-Day 

Traf f ic & Construction 
Costs Per 
Patient-Day 

1 .$ 0.45 (11) $ 1.78 ( 1 4 ) $ 2.23 (13) 

2 0.39 (10) 1,32 (9) 1.71 (10) 

3 0 . 4 6 (12) 1.09 (2) 1.55 (5) 

k 0.30 (5) 1.29 (7) 1.59 (7) 

5 0.36 (8) 1.16 (3) 1.52 

6 0.27 (3) 1.16 (3) 1.43 (1) 

7 0.69 (14) 0.99 (1) 1.68 (8) 

8 0.23 (1) 1.22 (5) 1.45 (2) 

9 0.35 (7) 1.47 (11) 1.82 (12) 

10 0.27 (3) 1.22 (5) 1.49 (3) 

11 0.25 (2) 1.30 (8) 1.55 (5) 

12 0.36 (8) 1.33 (10) I . 69 (9) 

13 0.52 (13) 1.71 (13) 2.23 (13) 

1 4 0.33 (6) 1.47 (11) 1.80 (11) 

The numbers in parentheses indicate the r e l a t i v e rank of that 
part icular element within the column. 
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However, at the present time there are no indices avai lable which indicate 

how much more i t would cost to bu i ld one type unit as opposed to another. 

Research in this area of construction costs indices would promote the use 

of the evaluation procedure used in th is study by improving the accuracy 

of the procedure. Such research would a lso prove invaluable to architects 

and the construction industry. 
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CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

The object ive of th is study was to evaluate a number of inpatient 

nursing unit designs, varying the shape, the number of patient rooms, the 

number of patients per room, and the arrangement of a l l funct ional points 

in order to ascertain the r e l a t i v e e f f i c i enc i e s of a l ternat ive designs. 

This object ive was s a t i s f i e d in Chapter IV. 

From the resu l t s presented in Chapter IV i t was poss ib le to rank 

the fourteen study nursing units on the bas i s of r e l a t i v e e f f i c i enc i e s as 

was done in Table 13. 

In addition to the ranking of the study nursing u n i t s , the fol lowing 

conclusions can be drawn from the re su l t s presented in th i s t h e s i s : 

1. Unit design i s more important than unit s i z e (number of beds 

per uni t ) in determining the e f f i c i ency of an inpatient nursing unit design,, 

2. The double corridor design i s the most e f f i c i e n t inpatient nurs

ing unit design followed in order by the c ircular design, s ingle corridor 

design, and the angular design. 

3. Nursing unit designs with compound c ircu la t ion tend to be more 

e f f i c i e n t than those with simple c i rcu la t ion . 

h. Mult i -pat ient rooms of a part icular design category are more 

e f f i c i e n t than private rooms of the same design category. 

The resu l t s of th i s study show that i t i s poss ib le to evaluate in -
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patient nursing "unit designs on a quantitat ive bas is in order to ascertain 

the r e l a t i v e e f f i c i ency of a l ternat ive designs. Since the evaluation pro

cedure i s based primarily on monetary c o s t s , the resu l t s are intended to 

be used only as a supplement to good judgment on the part of the hosp i ta l 

planner. 

Recommendations 

Based on the experience gained while carrying out the present study, 

the following areas of future research are suggested: 

1. Determine the accuracy of the evaluation procedure used by com

paring actual t r a f f i c and construction costs of hospi ta ls with predicted 

and estimated c o s t s . 

2. Use computer techniques such as ; CRAFT, CORELAP, or ALDEP to 

generate and compare a number of "optimal" inpatient nursing unit designs. 

Evaluate these "optimal" designs and compare with the nursing units of 

this study. 

3. Determine i f the difference in labor and construction costs 

in d i f ferent areas of the country w i l l a f f ec t the ranking of the r e l a t i v e 

e f f i c i ency of the study nursing un i t s . 

4. Determine i f there i s a s ign i f i cant difference in cost for medi

ca l versus surgica l patients on similar units and, i f so , whether this 

dif ference i s enough to j u s t i f y separate designs for medical and surgical 

nur s ing un i t s . 

5. Determine cost indices for the construction of the various de

sign categories in order to improve the accuracy of the estimated construc

t ion cos t s . A cost index in th is context refers to an index which would 
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show how much more i t would cost to bui ld one type of unit as opposed to 

building another type unit with the same number of square f e e t . 

6. Invest igate the e f fec t of a v a i l a b i l i t y of money for construction 

on the design of an inpatient nursing u n i t . 

7. Determine factors in hosp i ta l construction whose costs vary 

with changes in the design of the nursing un i t . Determine and examine 

s ign i f i cant re lat ionships between these f a c t o r s . 

8. Invest igate the e f f ec t of i n f l a t i o n on wages and the ir e f fect 

on t r a f f i c costs versus the constant construction costs which are "paid off" 

in future d o l l a r s . 

9. Conduct a control led experiment in which the s i ze of rooms, l o 

cation of e l evators , and other archi tectural considerations are control led 

and determine the e f f ec t of these considerations upon the r e l a t i v e e f f i c i 

ency of nursing u n i t s . 
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