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Abstract. This study developed a Value Engineering strategy for hospital buildings in
accordance with Indonesian technical standards, namely Government Regulation No.
16, Minister of Health Regulation No. 40, and Minister of Public Works and Public
Housing Regulation No. 21 concerning Green Building Performance Assessment. The
purpose of this study was to determine design-appropriate variable criteria and
formulate improvement strategies for variables that did not meet the requirements. A
quantitative methodology was applied using the Likert strategy, validity and reliability
tests (Guttman Split-Half), and mean value analysis. The results showed 16 variables
valid, reliable, and feasible indicators (mean 0.92—-0.99). Improvement strategies were
applied to 16 variables, including additional innovations of 9 variables. The developed
Value Engineering strategy is statistically significant and can be used as a reference for
hospital planning decision-making, contributing to improved efficiency, sustainability,
and quality of hospital buildings in Indonesia.
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1.

Introduction

Hospital buildings are strategic public facilities that play an important role in providing health services
to the community [Grimaz, Kalalo] [1], [2]. The quality, efficiency, and sustainability of hospitals are
highly dependent on proper planning and design, including the fulfillment of safety, health, comfort,
and ease of access aspects for users [3], [4]. National technical standards, as reflected in Government
Regulation No. 16 of 2021 and Minister of Health Regulation No. 40 of 2022, provide guidelines to
ensure that every hospital building meets design and performance criteria [5]. Hospitals management
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transformative initiatives; towards energy efficiency and environmental sustainability in healthcare
facilities [6].

In practice, even though regulations are clear, the implementation of these standards often faces
challenges, including resource limitations, design complexity, and the need to integrate sustainability
principles [7]. One effective approach to addressing these challenges is Value Engineering, which
enables economical design development while still meeting optimal function and quality [8]. Value
Engineering is a systematic method for balancing the cost, performance, and aesthetics of a project, with
a focus on reducing unnecessary costs while maintaining functional value and quality [9], [10]. Value
Engineering workshops on building construction projects, particularly those with a minimum area of
12,000 m? or 8 floors, can improve decision-making in the planning phase in accordance with Regulation
of the Minister of Public Works and Public Housing Number 22/PRT/M.

Previous studies have demonstrated the effectiveness of Value Engineering in analyzing functions,
risks, and life cycle costs, including purchase, maintenance, operational, financing, depreciation, and
end-of-life costs [11], [12]. The integration of Value Engineering with Building Information Modeling
(BIM) and value-based strategies (EVVE) has shown improvements in construction project management
performance [13], [14]

However, the existing literature is still limited to general coverage related to Value Engineering in
construction projects, while specific research on hospital buildings that includes detailed variables and
indicators to support planning decision-making is still rare. This gap indicates the need for studies that
integrate Value Engineering principles with national technical standards and sustainability practices,
thereby producing more applicable and relevant guidelines for hospital development [15].

This study aims to fill this gap by developing a Value Engineering strategy specifically for hospital
buildings in Indonesia, determining design-appropriate variable criteria, and formulating improvement
strategies for variables that do not meet the requirements. The uniqueness of this study lies in the
addition of research variables and innovative indicators, as well as the provision of measurable and
systematic improvement strategies, which have not been widely discussed in previous literature.

The results of this study are expected to make a significant contribution to hospital planning practices,
including: improving cost efficiency and design performance, strengthening the sustainability and
quality of buildings, and serving as a guide for decision makers in health infrastructure projects.
Scientifically, this study also broadens the understanding of the application of Value Engineering in the
context of hospitals, which can be a reference for similar studies at the national and international levels.

2. Methods

This study uses a quantitative approach with a descriptive-analytical design. This approach aims to
analyze the criteria of variables that meet the requirements for hospital design based on the principles
of Value Engineering and technical standards for buildings in Indonesia.

2.1 Research Location

The research location is in the Republic of Indonesia, based on the distribution of data on the
procurement of goods and services by the Ministry of Health's LSPE and the LPSE of the Capital Region
of Nusantara (East Kalimantan Province, Balikpapan City, North Penajam Paser Regency) in the
Detailed Engineering Design (DET) planning package for hospitals.

2.2 Research population and sample

The determination of the research population and sample was adjusted to the research objectives, namely
to obtain data from planners, architects, and related parties directly involved in hospital building
planning. The population includes all relevant characteristics or properties of the subjects [16], with the
sampling method using purposive sampling. The population consists of Activity Managers and Experts
involved in various hospital planning projects, including construction management, detailed engineering
design (DED), master plan planning, and construction supervision in several cities and provinces. The
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total population was 84 people, which was less than 100 people, so the study used a saturated sample,
in which all individuals in the population were respondents [17], [18]. Respondents were selected based
on demographic characteristics such as age, gender, education level, and experience and direct
involvement in the project.

2.3 Data Collection

Research data was collected using several methods, namely questionnaires as the main technique for
obtaining information from respondents, interviews to explore critical information related to the
application of technical criteria, and documentation as supporting data covering hospital planning
documents and national technical standards such as SNI, Minister of Public Works and Public Housing
Regulations (PMPR), and other related regulations. This study has considered ethical aspects, including
respondent consent and data confidentiality.

2.4 Research Variables
Research variables are defined as characteristics that can have various values and have been adjusted to
the research objectives, namely to obtain variable criteria that meet design feasibility requirements and
solution strategies to improve variables that do not meet the requirements.

Table 1. Research Variables

Criteria Variabel
A. Building Design Eligibility Criteria _Al. Determination of Building Location and Intensity
(Government Regulation No. A2. Architectural Requirements
16/2021) A3. Building Structure

A4. Building Aspects
B. Hospital Design Eligibility Criteria _ Bl. Land and Building Access
(Minister of Health Regulation No. B2. Building Layout
40/2022) B3. Space Requirements
B4. Accessibility Facilities
B5. Hospital Rooms
B6. Inter-Room Relationship Patterns
B7. Evacuation Facilities
B8. Hospital Building Structure
B9. Electrical Requirements
B10. Mechanical Requirements
C. Green Building Criteria (Ministry C1. Green Building Implementation
of Public Works and Public Housing C2. Technical Planning Stage
Regulation No. 21/2021)
D. Variable Improvement Solutions D1. Compliance with Location & Intensity Requirements
(Improvement Strategy) D2. Compliance with Architectural Requirements
D3. Compliance with Building Structure Requirements
D4. Compliance with Building Aspects Requirements
D5. Compliance with Land and Building Access Requirements (E1)
D6. Compliance with Land Use Requirements (E2)
D7. Compliance with Minimum Hospital Building Area Requirements (E3)
D8. Compliance with Special Facilities for Persons with Disabilities (E4)
D9. Compliance with Hospital Room Standards and Inter-Room
Relationship Patterns (E5—E6)
D10. Compliance with Evacuation Facilities, Structure, Electricity,
Mechanics & Green Building (E7-E10, F1-F2)

2.5 Data Analysis

Data analysis in this study was conducted through two main stages, namely validity testing and
reliability testing, as well as descriptive statistical analysis to assess the variable criteria indicators. The
validity test was conducted using product-moment correlation with a threshold of r > 0.220 at N = 84
with a significance level of o = 5%, so that indicators that met these criteria were declared valid. The
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reliability test used the Guttman Split-Half method with a minimum coefficient of > 0.213, which
showed internal consistency between indicators. Furthermore, descriptive analysis was used to evaluate
the average value of each indicator, where an average value > 0.5 was considered to meet the design
feasibility requirements. The results of this analysis then became the basis for comparing variable
criteria that met and did not meet the design feasibility requirements, while also providing an initial
overview of the effectiveness of implementing variable improvement strategies.

3. Results and Discussion

3.1 Demographic and Professional Characteristics of Respondents
This section describes the demographic and professional characteristics of the respondents involved in
this study, including gender, age, education, professional position, work experience, and experience in
planning or developing at least type C hospitals. This presentation is intended to provide an
understanding of the profile of the respondents who are the source of the research data so that it can
reflect the competence, experience, and background relevant to the research topic.

Table 2. Demographic and Professional Characteristics of Respondents

Criterion Sub Criteria Respondents (people)

Gender 1. Male Male 67
2. Woman 17

Total 84

Age 1. <30 Years 2
2. 31-40 Years 28

3. >40 years old 54

Total 84

Education 1. Bachelor's degree 4
2.  Engineer Professional 10

3. Master of Engineering 65

4.  Doctoral 5

Total 84

Professional Positions 1. Commitment Making Officials 19
2. Structural Expert 19

3. Architect Expert 19

4.  MEP Expert 19

5. Master of Hospital Administration 5

6. Construction Management Expert 5

Total 84

Work Experience 1. <S5 Years 2
2. 6-10 Years 24

3. >10 Years 58

Total 84

Experience in Hospital Building 1. <4 Projects 8
Planning or Construction at least 2. 4 -8 Projects 61
type C 3. >8 Years 15
Total 84

Based on Table 2, it can be seen that there were 84 respondents in this study, with the majority being
male (67 people) and female (17 people). In terms of age, most respondents were in the over-40 age
group (54 people), followed by those aged 31-40 (28 people), and only 2 people were under 30 years
old.

The educational level was dominated by Master of Engineering graduates, with 65 people, followed
by Doctoral graduates, with 5 people, Professional Engineers, with 10 people, and Bachelor's degree
holders, with 4 people. The professional positions involved were relatively balanced, with 19 people
each for Commitment Making Officials, Structural Experts, Architectural Experts, and MEP Experts,
while Hospital Administration Masters and Construction Management Experts numbered 5 people each.
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In terms of work experience, the majority of respondents had more than 10 years of experience (58
people), 24 people had 610 years of experience, and only 2 people had less than 5 years of experience.

Meanwhile, in terms of experience in hospital construction projects of at least type C, most
respondents had been involved in 4—8 projects (61 people), 15 people had been involved in more than 8
projects, and 8 people had less than 4 projects under their belt.

3.2 Analysis of Instruments

The validity test of the variable criteria indicators used in the study shows that the indicators are valid
if the correlation value (calculated r) is greater than the value in the product-moment table. With a
sample size (N) of 84 respondents, the degree of freedom (N-2) is 82. Based on the table for N=80 at a
significance level of 5%, the table r value is 0.220. The test results show that of the 16 variables analyzed,
there are 16 variables with validity values ranging from 0.236 to 0.576 that are declared valid.

Furthermore, the reliability test was conducted using the Guttman Split-Half coefficient, where the
instrument is declared reliable if the coefficient value is higher than the table r at the product moment.
With N=84, the table r at a significance level of 5% is 0.213. The test results show that the lowest
Guttman Split-Half coefficient value is 0.222, which is still greater than 0.213. Thus, all 16 Variabel can
be declared reliable. The questionnaire return rate was also very good, with all 84 copies distributed
being returned (84), resulting in a return rate of 100%3.

3.3 Analysis to obtain Variable Criteria that meet design feasibility criteria

Analysis of indicators that do not meet hospital design feasibility criteria shows that most indicators are
valid and reliable, although there is one indicator, namely compliance with lightning rod installation
requirements (E.9.4), whose item correlation value -total (0.198) is lower than the r table value (0.220),
making it invalid and excluded from the analysis.

Overall, the reliability test showed the lowest Guttman Split-Half coefficient value of 0.610, well
above the minimum limit of 0.213, indicating that the research instrument was consistent. The
questionnaire return rate reached 100%, which is categorized as “Very Good,” so that the data obtained
can be used as a basis for analyzing strategies to improve variables with high reliability.

Next, an analysis of improvement strategies was conducted using the average value of indicators on
a Likert scale, where all indicators analyzed had an average value >3.5, indicating that respondents'
perceptions of this variable were in the medium to high category. The indicators analyzed covered
various important aspects ranging from location and building intensity in accordance with regulations,
functional and user-friendly facade and interior design, the ability of building structures to meet SNI
standards, fulfillment of safety, health, comfort, and accessibility aspects, to the application of green
building including energy efficiency, water management, air quality, use of environmentally friendly
materials, and waste management.

These results indicate that the solution strategy to improve the variables that are lacking in quality
can be focused on the application of validated technical and operational principles, as well as
strengthening the aspects of sustainability and accessibility in the planning of type C hospitals.

3.4 Variable Criteria Innovation and Improvement Strategies in Hospital Design

In this study, innovations were made to obtain variable criteria that meet the feasibility requirements for
type C hospital design, as well as to develop solution strategies to improve variables that previously did
not meet the design criteria. This study added 10 variables to the existing design feasibility criteria, as
well as adding 9 variables to the improvement strategy. This aims to ensure that hospital designs not
only meet technical and architectural standards, but also functional, safety, accessibility, and
sustainability aspects.
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A review of various prior studies reveals a significant development in the scope of variables used to
assess the quality of hospital buildings. Overall, the variables examined can be grouped into three main
aspects: general building requirements; technical and functional aspects of hospital buildings; and green
building aspects.

Regarding general building requirements, provisions related to building aspects in general represent
the most consistently used variable across all researchers, from Rachwan (2016) through the 2025
researcher [11]. This indicates that such aspects are regarded as fundamental and cannot be overlooked
when assessing hospital building quality. Architectural provisions and the structural load-bearing
capacity of buildings also received attention from nearly all researchers, except Thneibat (2022), whose
scope of variables was the most limited among all researchers, covering only one variable and four
indicators [19]. Meanwhile, provisions for building designation and classification only began to receive
attention from Chen (2022) and several subsequent researchers, suggesting a gradual shift toward more
formal standardization in the assessment of hospital buildings [20].

Regarding the technical and functional aspects of hospital buildings, electrical and mechanical
requirements consistently emerged as two variables examined by nearly all researchers since 2016,
reflecting that both aspects have long been recognized as essential components in hospital building
operations. On the other hand, variables such as land and building access, building layout, space
requirements, accessibility facilities, indoor spaces, spatial relationship patterns, evacuation facilities,
and building exterior structures were exclusively examined by the 2025 researcher. The presence of
these new variables marks a substantially broader perspective in understanding hospital building quality
in a more comprehensive and user-oriented manner.

Regarding the green building aspect, the application of green building concepts and their technical
planning provisions only emerged as study variables in Chen (2022) and were subsequently revisited by
the 2025 researcher [20]. The absence of these variables in most earlier studies indicates that awareness
of the importance of environmental sustainability in hospital building design remains relatively new and
continues to evolve.

Overall, there is a clear trend toward increasingly comprehensive approaches over time. Researchers
in the 2016 to 2017 period generally employed five variables with eleven indicators, while studies in
subsequent years demonstrated a gradual increase in both the number of variables and indicators used.
This culminated in the 2025 researcher, who covered sixteen variables and forty-seven indicators, far
surpassing all previous studies. This reflects the growing complexity of hospital building quality
assessment standards in line with the evolving demands of healthcare services and the increasing
expectations for built environments that are safer, more functional, and more sustainable.

The results of the innovation research to obtain solution strategies for improving variables that do
not meet design requirements include the addition of 9 variables, as follows:

Table 3. Comparison Getting a strategy for the solution of less qualified
No Variables Heiza, Badawy, Jadidoleslami Researchers,
(2016)  (2022) & Azizi, (2022)  (2025)
D1 Fulfillment of Provisions for Location and Building - - -
Intensity Designation in accordance with regulations

D2 Fulfillment in accordance with the architectural N N N N
Provisions

D3 Ensuring the ability of the building to load load N N N N
(structure)

D4  Fulfillment of all building aspect requirements N N N N

E1l Make sure the location in accordance with the land and N N - N
building access requirement

E2 Make sure the location in accordance with land use - - N

E3 Fulfillment of the minimum requirement of the floor - - - v

area of the hospital building
E4 Fulfilled special facilities in the hospital for patients or - - -
visitors with disabilities
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E5 Fufillment of hospital space standards according to the - - -
type of service class

E6 Fulfillment according to hospital standards pattern of - - -
relationships between spaces according to zoning

E7 Evacuation routes are not hampered and evacuation - - -
facilities are safe

E8 Ensuring the requirement of the hospital building v v v
structure according to the SNI Hospital Buildings

E9  Ensuring electrometric design according to standards N v v

v v v

for SNI Hospital Buildings
E10  Ensuring mechanical design as per the standard for

< <l o« o« 4 4 «

SNI Hospital Buildings
C1 Fulfillment of criteria for the implementation of the - - -
guilding building
C2 Fulfillment of the provisions of the technical planning - - - v
stage of the building (BGH)
Number of Variables 5 5 7 16
Number of Indicators 22 13 18 46

This table shows the solution strategies adopted to improve variables that did not meet the design
criteria. This study added new variables that focus on access, space, special facilities for people with
disabilities, and green building aspects. With this strategy, variables that were previously inadequate
can be improved, so that the overall hospital design is more in line with standards, functional, safe,
comfortable, and sustainable.

3.5 Discussion

The results of the study indicate that the criteria for variables that meet hospital design feasibility
requirements are valid and can be used as a reference in design. 16 main variables meet technical,
architectural, and functional standards. The addition of 10 variables and 34 innovative indicators
broadens the scope of the criteria, so that the resulting design not only complies with regulations but
also covers aspects of safety, comfort, accessibility, and space efficiency. These results are in line with
the findings of Li et al. [21] and Ludusanu et al. [22], which emphasize the importance of integrating
technical and environmental aspects in the design of health facilities. However, this study adds more
comprehensive innovative elements than previous studies.

In addition, this study developed improvement strategies for variables that previously did not meet
the design criteria, covering 16 variables, with an additional 9 innovative variables. This strategy enables
systematic design improvements, so that variables with deficiencies can be identified and optimized.
This approach emphasizes the integration of functional, technical, and sustainability aspects, similar to
research by Soliman-Junior [23], which emphasizes compliance with building standards as the basis for
improving hospital design quality.

From a practical implementation perspective, the results of this study provide clear guidelines for
hospital designers, developers, and managers. With valid variable criteria and a structured improvement
strategy, the hospital planning and construction process can be more efficient, minimize the risk of
errors, and meet user needs. This also supports the achievement of optimal building quality in terms of
structure, safety, and comfort for patients and hospital staff. This finding reinforces the findings of Qiu
[24] and Rahadianto et al. [25], which emphasize the importance of accessibility and spatial standards
in improving the quality of health facilities.

Overall, this study emphasizes the importance of integrating innovation into design feasibility criteria
and improvement strategies. The addition of new variables and indicators enriches the design framework
and provides practical solutions for improving the overall quality of hospital design. Thus, these findings
are not only useful for the development of hospital design theory, but also contribute significantly to the
practice of designing and managing better and more sustainable healthcare facilities. This study expands
on the understanding gained from previous studies by adding innovations that have not been discussed
before.
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4. Conclusion

This study shows that the application of Value Engineering in hospital buildings can improve efficiency,
design quality, and sustainability in accordance with national technical standards. The criteria for
variables suitable for design are declared valid and usable, consisting of 16 variables, with an additional
10 variables for innovation. Improvement strategies for variables that do not meet the criteria are also
feasible to implement, covering 16 variables, with an additional 9 variables for innovation, which serve
as practical guidelines for design improvement. These findings make a significant scientific contribution
by providing a measurable framework for improving the quality of hospital buildings. The developed
Value Engineering strategy can serve as a practical reference for planners and developers and strengthen
the literature on evidence-based decision-making in healthcare facility planning. However, this study is
limited to quantitative analysis based on technical standards and literature, without direct testing on
actual hospital projects. For further research, it is recommended to apply the Value Engineering strategy
to actual hospital construction projects, evaluate the impact on cost, time, and quality, and integrate a
more comprehensive sustainability assessment. Further studies could also explore adapting the strategy
to different hospital classes and regional areas to improve the generalization and effectiveness of
improvement strategies.
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