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Abstract - as China’s economy develops rapidly, the living standard of people improves constantly which raises people’s demands 
on hospital environment and facilities. Therefore, the development and construction of hospitals is strongly supported by the 
country. Evaluation Standard for Green Hospital Building and relevant national policies are being introduced, China is paying 
increasingly more attention to hospital construction, especially to the construction of green hospitals. However, current green 
hospital designs cannot meet the requirements of green hospitals anymore. Peña’s Caudill Rowlett Scott (CRS) architectural 
programming model, as one of the most popular and influential programming methods in America, is an architectural 
programming method of green hospitals which has many advantages, such as comprehensive collected information, highly effective 
working model and abundant practicality, etc. Taking construction of green hospitals as the research object and relevant theories 
and design practical experience of CRS architectural programming model as the method, this study tries to construct a green 
hospital architectural programming model that is appropriate for China, so as to provide guidance for designs of green hospital 
construction in the future.  
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I. INTRODUCTION 
 

Caudill Rowlett Scott (CRS) architectural 
programming mode currently is very influential [1]. As an 
effective method of controlling design effect, CRS 
architectural programming method is gradually accepted 
and popularized in the field of building construction [2-3]. 
After the overall planning and project approval, how to 
scientifically formulate the architectural design of the 
construction project is the key point of architectural 
programming [4]. In the link of programming, the 
architectural programming aims to seek problems, analyze 
initial conditions of architectural design, define all 
problems related to the project precisely and help 
architects to accurately determine the target of solving 
problems, all of which reflect its rationality, preciseness 
and scientific quality. CRS architectural programming 
method is characterized by typical stylized operation and 
staff composition is mainly groups, which makes the most 
of advantages of different individuals. CRS matrix 
programming system is an information matrix analysis 
chart which corresponds function, form, economy and 
time with target, fact, conception, demand and problem 
statement. On the basis of this matrix, during the process 
of programming, relevant influential factors and 
preconditions of design were found out and corresponding 
solutions were put forward. That MTT [5], Faniran OO [6] 
and Ryu HG [7] et al. carried out researches on the 
application of CRS matrix programming in the 
programming of building construction. 

Indexes like lighting conditions, air condition 
environment and sunlight, etc., of hospitals are strictly 
required because hospitals are supposed to provide 
comfortable and healthy environments for patients. Thus 

the energy dissipation of hospital buildings is relatively 
large [8]. However, China is also facing continuous 
ecological environment worsening as well as energy 
deficiency in the meantime; besides, extensive economic 
growth and unreasonable use of ecological resources 
result in increasing pressure on resources and energy 
environment. Therefore, China is paying more and more 
attention to construction of green buildings, since it is an 
important part of green buildings in China.  

Currently in China, there is no clear and unified 
definition for green hospitals yet [9]. Although the 
definition of green hospitals is not unified, afforestation, 
environmental protection, energy conservation and 
grade-A class-3 hospitals are not included in the concept 
of green hospital when it comes to the concept of green 
hospitals [10]. Green hospitals include the construction of 
buildings and environment as well as medical activities 
and daily operation and management, all of which are 
necessary for the maximization of green hospital benefits 
[11]. Therefore, the content of green hospitals can be 
divided into three aspects: green hospital building, green 
medical treatment and management system. A lot of 
researches on green hospitals were carried out in China 
and abroad. For example, Azmal M et al. [12] studied the 
management and safe disposal of wastes of green 
hospitals; Zhou Z et al. [13] proposed the importance of 
application of intelligent ventilating system in green 
hospitals on the basis of the current ventilation conditions 
of medical buildings. Therefore, in this study, 
constructional engineering of green hospitals in China 
was explored on the basis of relevant theories and design 
practical experience of CRS architectural programming 
mode. 
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II. ANALYSIS OF APPLICABILITY OF HOSPITAL 
CONSTRUCTION ENGINEERING BASED ON CRS 

MODE 
 
A. Advantages of CRS Programming Mode 
 
(1) Comprehensive information 
 

First of all, planners collected background information 
of the project based on vertical factors of programming 
matrix and then further investigated the market; after that, 
all information was comprehensively sorted according to 
lateral factors; finally, a detailed information matrix table 
was formed. The key of such kind of information 
collecting method is to include all information of the 
project in a short time, which guarantees the systematic 
comprehensiveness of information and avoids a large 
amount of gibberish as well as saves the time of 
programming and designing. 
 
(2) High-efficiency working 
 

CRS can be defined as a method which can analyze 
system problems with the fastest speed and identify the 
main contradiction in the problems. Rapidity and high 
efficiency of CRS mainly benefit from the working 
method of its matrix, and programming groups and 
cooperation and division guarantee the rate of progress of 
the project. The peculiarity of the working method of 
CRS agricultural programming mode also contributes to 
its high efficiency, such as degree of relationship matrix, 

bubble chart and card analysis technique, etc [14-15]. The 
above methods are beneficial for the communication 
between architect and architect as well as between 
architect and owner. 
 
(3) Rich practical experience 

William Peña put forward CRS architectural 
programming mode for the first time in 1969. A dozen 
years after 1969, William Peña and other researchers 
constantly updated the CRS architectural programming 
mode during the practice process, which made the CRS 
architectural programming mode become irreplaceable in 
the field of architectural programming. In Problem Seeing, 
William Peña took several finished programming projects 
as examples to directly show the methods of 
programming [16]. 
 
B. Construction of Architectural Programming Mode of 
Green Hospitals 
 

The first step of CRS programming mode was to 
integrate all information and materials included in the 
construction project; then according to four subentry 
factors which were function, form, economy and practice, 
each subentry factor included three contents respectively, 
as shown in table 1. However, CRS mode should not be 
taken as an inalterable mode, but be changed accordingly 
based on CRS matrix. According to the meaning of green 
hospitals, this study tried to adjust subentry factors of 
CRS, thus to obtain a matrix graph that was more 
appropriate for green hospital programming. 

 

TABLE 1 FOUR SUBENTRY FACTORS OF CRS MODE: FUNCTION, FORM, ECONOMY AND TIME 

Subentry factor Sub factor 

Function 
Persons: the number and characteristics, etc., of users
Actions and activities: behavioral pattern, communication, etc.
Spatial relationship: functional relationship, transportation, etc.

Form 

Place: terrain, landform, weather, etc.
Physical and psychological environment: safety, social and psychological 
environment, etc.
Spatial and construction quality: equipment cost, space area, etc.

Economy 
Budget: fund parameter, maximum rewards, etc.
Operating cost: operating expense, maintenance costs, etc.
Life cycle cost: sustainable development, cyclic regeneration, etc.

Time 
History 
Reality 
Future 

 
According to the concept of green hospitals, this study 

reintegrated subentry factors of green hospital agricultural 
programming combining with the factor content of CRS. 
The comparison between content of CRS subentry factors 
and the meaning of green hospitals showed that, 
combined efficiency, energy-saving technology, 
environment, green medical treatment and green 
operational management were several factors of green 
hospital, which contained the three factors of function, 

form and time; the economy factor of CRS was the key 
factor that every factor of the green hospital needed. 
Besides, to be clear, factors of green hospitals were more 
than subentry factors of CRS, and the relationship 
between them is as shown in figure 1. Therefore, subentry 
factors of green hospitals were put forward in this study 
according to the meaning of green hospitals. 
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Figure 1 Relationship between subentry factors of CRS and green hospitals 

 
The green hospital contains three connotations of 

green hospital building, green medical treatment and 
green management, which were listed out as the subentry 
factors of green hospital agricultural programming in this 
study; green medical treatment and green management 
were combined and taken as one subentry factor. Because 
project planning was based on the selection of places, the 
place was combined with environment as one subentry 
factor in this study. Therefore, four subentry factors were 
finally concluded, which were place selection and 
environment construction, combined efficiency, 
energy-saving technology, green medical treatment and 
management system. 

 
III. OVERALL CONSTRUCTION OF HOSPITAL 

AGRICULTURAL PROGRAMMING MODE BASED 
ON CRS 

 
A. Determination of Project Objectives 
 

In order to determine a reasonable objective of green 
hospitals, reasonable evaluation criteria for green 
buildings or evaluation criteria for green hospitals should 
be selected at first [17]. The test edition of Evaluation 
Standard for Green Hospital Building was carried out in 
2011 in China, as shown in table 2. 

 
TABLE 2 BRIEF INTRODUCTION OF EVALUATION SYSTEM OF GREEN HOSPITAL BUILDINGS IN CHINA. 

Name 
Year of 
issue 

Range of 
influence 

Issuing 
authority 

Range of application Index content 
Index 
classifica
tion 

Authentic
ation 
classificat
ion 

Evaluation 
Standard 
for Green 
Hospital 
Building 

2011 China 

Chinese 
Medical 
Doctor 
Associati
on, etc. 

Buildings and 
infrastructure s in 
new construction, 
rebuild and 
expansion of 
hospitals 

Programming, 
construction, 
equipment and 
system, environment 
and environment 
protection, 
operational 
management

Control 
item, 
general 
item, 
optimal 
item 

One star, 
two star, 
three star 
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Green hospital agricultural programming can be 
divided into fundamental and top objectives due to the 
differences of evaluation criteria. Then the level of green 
buildings can be determined according to the screen of 
fundamental and top objectives. Figure 2 shows the 

evaluation process of green buildings based on the 
Evaluation Standard for Green Hospital Building. 
 

 

 

Figure 2 Evaluation process of green buildings 

 
B. Collection and Analysis of Information 
 

Before formal construction of hospitals, planners 
should collect enough information and screen the 
collected information, thus to ensure the preciseness of 
information as well as improve the quality of design, as 
shown in figure 3. Information was not collected in one 
time but collected during the whole process of agricultural 
programming; the quality of collected information could 

directly affect the results of agricultural programming 
[18]. Therefore, reasonable collecting methods should be 
adopted, such as literature collection, questionnaire survey, 
etc. Field conditions, information of users and national 
policies are all important information during the process 
of agricultural programming. Because collected data were 
mostly random, data should be screened using methods 
like analysis and recognition, thus to obtain useful 
information. 
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Figure 3 Frame diagram of planning information collection 

 
C. Determination of Planning Strategy and Data 
 

Twenty-four general kinds of planning concepts in 
CRS agricultural programming mode are introduced, 
including advantages, characteristics, staff composition, 
base address, relationship, separated streamline, mixed 
streamline, energy conservation, environmental control, 
cost control, etc. [19]. However, the above types can be 
modified by planners according to characteristics of items, 
thus to make them more suitable for characteristics of 
items. Besides, in the planning of one item, not all types 
are used in the same time, because they should be applied 
accordingly. Precedence, energy conservation and 
accessibility are always used at the same time in planning 
of green hospital construction. Data produced in the 
process of green agricultural programming include 
building, fund management and time control. 
 
D. Planning Results Expression 
 
(1) Formulation of preliminary assignment book 
The contents of preliminary assignment book were mainly 
expressed by images, tables and words, which roughly 
included project overview, general requirement of project, 
design requirements of project, spatial composition and 
relevant laws and regulations, etc. 
 
(2) Conceptual design 
Conceptual design is a good way to verify the rationality 
of the whole planning content, which is also the feedback 
of the preliminary assignment book and can provide ideas 
for next step of building design. In the process of 
agricultural planning, if the owner does not agree with the 
ideas of the designer, the designer can make explanations 
according to the conceptual design. 
 
(3) Expression of planning results 
1. Overall explanation of projects includes general 

information of the project, target, rate of progress and 
priority and difficulty of planning, introduction of 
collected information, explanation of actual investigation 
and survey. 
2. Conceptual design covers three parts: explanation of 
project design, feedback of conceptual design and 
conceptual design drawing. 
3. Official design specification: according to feedback 
information of the conceptual design, the formulated 
assignment book can be modified from the aspect of 
general information of projects, project design and laws 
and regulations; economic conditions should also be 
concluded in the formal assignment book, such as 
structure technique, general investment and subentry 
investment, etc. 
 

IV. SUBENTRY FACTORS CONSTRUCTION OF 
GREEN HOSPITAL AGRICULTURAL 

PROGRAMMING BASED ON CRS 
 
A. Construction Strategy of Field Selection and 
Environment Construction 
 

The key step of green hospital agricultural 
programming is field selection. In the case of multiple 
field selections, transportation, surrounding of hospital 
location, landform and geological conditions, surrounding 
municipal administration and utility availability and 
reserved development space of hospital are all factors that 
should be considered. Ecology environment problems 
should be noticed during the whole process of green 
hospital construction. The harm to environment should be 
reduced as far as possible and selected construction 
materials should not be harmful to users; moreover, 
organic indoor and outdoor environment should be 
created. Besides, the environmental design during the 
green hospital agricultural programming should use lands 
efficiently, thus to reduce its load on surrounding 
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environment as well as guarantee the design of green 
environment. Figure 4 shows the field environment of 
Shanghai Changzheng Hospital, which is in accordance 
with the construction strategy of field selection and 

environment construction of green hospitals. 
 

 

Figure 4 Field environment analysis of Shanghai Changzheng Hospital. 
 

 
B. Construction Strategy in the Aspect of Energy-Saving 
Technology 
 

Green energy-saving technology is a symbolic 
technology of green hospital construction. In the initial 
stage of planning, the energy objectives should be 
determined, which set a standard for later selection of 
energy-saving technology. Energy objectives are usually 
divided into two categories: one is the determination of 
specific standards, while the other is the determination of 
concept. Due to the differences in field selection, different 
climate and geological landscape can occur. According to 
above conditions, energy saving items can be determined. 
For example, according to the local climate, the selected 
energy saving item is the control on air-conditioning 
system. Green building technology is not a completely 

new technology; it redefines traditional technologies and 
belongs to the category of sustainable development [20]. 
Three fundamental principles which compose green 
energy-saving technology are as follows: using recyclable 
and reproducible energy to replace non-recyclable and 
non-renewable energy; using new technologies to disposal 
pollutants; using positive-effect technologies to replace 
negative-effect technologies. At present, utilization 
technologies of renewable energy sources include solar 
energy technology, ground-source heat pump system, 
wind energy conversion technology, etc., in which the 
utilization of natural wind energy and light energy should 
be emphasized. Figure 5 shows the application of solar 
energy technology in hospital buildings. 
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Figure 5 Movable sun shields of a hospital in Beijing 

 
C. Construction Strategy of Green Medical Treatment and 
Management System 
 

Reasonable medical operation mode and modern 
management methods should be adopted to provide 
patients with high-quality and high-efficiency 
people-oriented services, which is the quintessence of 
green hospital concept. 
 
(1) Humanization of medical treatment includes 
people-oriented services and medical environment 
Diagnosis and treatment modes in hospitals are basically 
the same, which are to develop telephone reservation and 

on-line reservation at the same time, thus to realize 
information technology implementation management 
gradually; setting up green channels in emergency 
treatment office; using electronic display system in the 
waiting areas. Moreover, the spiritual needs of patients 
and medical workers should be considered in construction 
of hospital environment. The above content should be 
reflected in the process of design. For example, the 
medical environment of hospitals should be more close to 
the natural environment, green and environmental 
protection and the activity space should be enough. Figure 
6 shows a humanization design of a children's hospital. 

 

 

Figure 6 Reception hall of a children's hospital 

 
(2) Safety of medical treatment 
Safety of medical treatment should be considered in the 
whole design of buildings, especially the evacuating lines 
of infected people in hospitals. Supply lines that tend to 
get cross infection, such as gynaecology and obstetrics, 
lazaretto ward, etc., should be guided and limited; 

moreover, they should be evaluated comprehensively for 
optimization. Besides, medical process should be 
reasonably arranged to ensure that the design of 
disinfecting link is rigorous. 
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V. CONCLUSION 
 

In this study, three advantages of CRS mode were 
analyzed in detail first, which indicated the applicability 
of CRS programming mode as the agricultural 
programming method of green hospitals; after that, four 
steps of green hospital agricultural programming were 
established on the basis of CRS programming mode, 
which were determining project objective, collecting and 
analyzing information, determining programming strategy 
and data, and expressing programming results; at last, 
according to the meaning and characteristics of green 
hospitals, three concerns of green hospital programming 
were concluded, which were field selection and 
environment construction, green energy-saving 
technology and energy-saving technology, and then 
aspects that should be paid attention to in the initial stage 
of green hospital agricultural construction were 
introduced. The results obtained in this study provided a 
design method for construction of green hospitals, which 
was beneficial for improving green hospital programming 
mode in China and guiding preliminary planning of green 
hospitals. 
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