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Abstract: Spatial environmental factors can effectively alleviate children’s fear of the medical envi-
ronment when they seek medical treatment. This study focuses on the special environmental space of
a children’s hospital, thoroughly considering the emotional needs of and the therapeutic effects on
children as a unique group during medical treatment. By analyzing the existing design of children’s
hospital environments, this research actively explores more suitable environmental design solutions
for children’s healthcare settings. This study summarizes the user demand factors of children’s
hospital environmental space design through field research and analysis interviews and calculates
the weight indicators of user demand through AHP hierarchical analysis. On this basis, based on
the QFD theoretical model, user needs are transformed into technical needs, and a house of quality
is drawn to judge the conflicting needs through the positive and negative correlations between the
factors. Finally, the forty invention principles of the TRIZ innovation theory are used to propose a
solution to the environmental space program of children’s hospitals to obtain the optimal solution to
the environmental space design effect. This study shows that incorporating theoretical models of
AHP, QFD, and TRIZ into the environmental space design of children’s hospitals can improve and
optimize the environmental space of children’s hospitals, and the example of a children’s hospital
can be designed to meet children’s emotional needs according to this model. A series of interesting
innovative practices, such as personalized digital information diagnosis and treatment, interesting
visual guidance, and the implicit healing effect of color, can be realized. The aim is to create a modern,
child-friendly medical environment that not only meets medical functional requirements but also
effectively alleviates the stress of pediatric patients during diagnosis and treatment. This study
preliminarily verifies the scientificity and rationality of the entire design process and provides a
reference for the design practices of children’s hospital environments.

Keywords: children’s hospital; emotional design; environmental space design; analytic hierarchy
process (AHP); quality function deployment (QFD)

1. Introduction

Children, as a vulnerable group, have unique physiological needs and psycholog-
ical characteristics. Constructing an efficient and scientific healthcare environment for
children has become a topic of common concern among various social organizations and
groups. Pediatric healthcare, as an essential part of the public health system, has long
been given significant attention by various social organizations and the public. To better
enhance the healing effect of children’s medical treatment, children’s hospital environments
should exhibit humanized design in accordance with child psychology principles, and fun
strategies can stimulate treatment compliance, such as the use of gamified virtual reality
robots and medical environments, whenever play is used as a strategy to improve the
subjective well-being of child patients [1]. Games can stimulate the enthusiasm of child
patients, divert their attention, and reduce their fear of medical treatment, thus creating a
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children’s hospital environment that maximally accommodates the developmental needs
of children. In the case of children’s hospitals, the design of the hospital is of special
importance because children display unique ways of learning and interacting with the
world around them, which requires specific activities to facilitate natural development [2].
In this study, a multiobjective decision analysis method, AHP (Analytic Hierarchy Process);
a user needs-centered development method, QFD (Quality Function Deployment); and a
systematic, innovative problem solving methodology, TRIZ (Theory of Inventive Problem
Solving), were used to carry out the effective spatial design of children’s hospitals and,
based on this, to realize the all-around innovative design of children’s hospitals in terms of
human-computer interaction, safety, and therapeutic functions.

As society and families pay increasing attention to children’s health, the demand for
hospital environments and medical services and experiences accommodating to children is
also increasing, especially for children’s medical facilities and environments that provide
emotional support and are related to rehabilitation and treatment. For example, medical
equipment and cold wall colors in most hospitals may make children feel uncomfortable,
which may lead to resistance to medical treatment and psychological suffering. Also, the
overall spatial environment of children’s hospitals does not provide children with com-
fortable psychological cues or emotional care from an emotional point of view. Therefore,
architects and spatial designers need to work on creating a warm and friendly environment
for children, such as using bright colors, interesting decorations, and child-friendly design
concepts, to help reduce children’s anxiety and ensure a better medical experience for
children [3]. This research is dedicated to designing children’s hospital environments
that meet the psychological and physiological requirements of children. It integrates in-
novative personalized digital medical platforms, educational, fun, and interactive visual
navigation systems, and environmental space design solutions based on the principles of
color psychology for emotional regulation. This trend of focusing on the environmental
design of children’s hospitals reflects the high priority society places on children’s health
and well-being.

Theoretical models such as the AHP, QFD, and TRIZ have been widely used in the
augmentation of design practices. Wang Shuai et al. conducted a study on the design
of shoe-changing seats for aging patients based on Kano, AHP, and QFD, starting from
the behavioral intention of elderly users, subdividing furniture application scenarios, in-
tegrating user needs, and transforming them into quality characteristics and importance
rankings [4]. Hu Changwen et al. applied the AHP, QFD, and TRIZ to children’s toy design
research; innovated in terms of education, safety, and entertainment; and designed a set of
mechanical toys that are spliced and can mobilize children’s motivation [5]. Hu Kang et al.
designed paper toys adapted to children based on the theory of the AHP, QFD, and TRIZ,
calculated the specific weight values of user requirements through an AHP, determined
the QFD model and converted it to technical requirements, and finally solved the problem
through the principle of TRIZ to develop the designed solution [6]. Yu Menghao et al.
used a combination of the AHP, QFD, and TRIZ to conduct a design study of an intelligent
doorman robot, which can effectively meet the needs of both property managers and the
general public [7]. Dogan N. O. and others used a combined approach of the AHP (Ana-
lytic Hierarchy Process) and QFD (Quality Function Deployment) theories at a pediatric
hospital in Turkey to identify the expectations of hospital patients. They utilized the AHP
to determine the priority of patient expectations and QFD to translate these expectations
into specific service improvement measures. This approach helps hospital management
understand and optimize patient service processes, enhancing patient satisfaction and the
overall quality of hospital services [8]. In summary, the AHP theoretical model can hierar-
chically decompose complex problems, make the treatment of problems systematic and
targeted, and produce comprehensive and accurate results; the QFD theoretical model can
convert user needs into specific product design requirements, optimize resource allocation,
improve development efficiency, and ensure that the products satisfy the user’s needs; and
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the TRIZ theoretical model can help one find solutions to the problems faster and better,
reduce innovation costs, and improve the service quality of the hospital.

2. Materials and Methods
2.1. Analysis of the Current Situation of Environmental Space Design in Children’s Hospitals

After conducting research and analysis, it has been found that most existing children’s
hospitals lack emotional design in their spaces, which is mainly reflected in the following
three aspects:

First, the design of the hospital’s ambiance and color scheme is unreasonable. The
existing designs generally overlook children’s sensitivity to and preferences for colors,
lacking child-specific hues. Most hospitals opt for white walls, which create a stark and
cold color environment that lacks vitality and warmth and can impart a sense of indifference.
This atmosphere can lead to anxiety and restlessness among children, which is detrimental
to their psychological healing process. Furthermore, there is a lack of color coordination
schemes specifically designed for children, failing to fully utilize the positive effects of color
psychology in medical spaces.

Second, hospitals also lack safety and functionality. For instance, the height of diag-
nostic equipment, the size and placement of directional icons, and the design of seating
in offices and rest areas are mostly based on adult standards, lacking consideration from
a child’s perspective [9]. This not only makes it inconvenient for children during use but
may also pose safety risks due to improper design. Moreover, the cold medical tools and
furniture with sharp angles lack ergonomic curves and the use of soft materials, which not
only reduces children’s sense of security but also intensifies their fear [10].

Third, there is a lack of research on artificial intelligence interactions. Despite the
rapid development of artificial intelligence (AI) technology bringing new opportunities to
the medical field, many children’s hospitals still adhere to the traditional mode of calling
numbers for appointments. However, given the advancements of the current era, there is a
lack of awareness and practice in utilizing Al technology to enhance service efficiency and
interactive experiences. There is potential to leverage Al for transformations, such as using
Al to create personalized information services, enhancing interactivity, and increasing
engagement for children. This can help distract young patients and reduce their anxiety
during medical procedures [11].

It is evident that current children’s hospitals significantly lack in emotional design in
their spaces. There is a need for improvement and innovation in various aspects such as
color coordination, safety and functionality in design, and transformation into intelligent
services. By doing so, a more welcoming, safe, and smart medical environment can be cre-
ated, meeting the diverse needs of children and their parents during medical consultations
and treatments.

2.2. Research Process for the Environmental Space Design of Children’s Hospitals

Based on the above status quo, this research integrates the AHP, QFD, and TRIZ
theoretical models to carry out an innovative design of children’s hospital environmental
space. In the overall research process, the study first obtains user requirements for analysis
through literature research and questionnaire interview methods and then uses AHP
hierarchical analysis to list the judgment matrix and determine the weight percentage of
user requirements. The judgment matrix is the process of quantifying the comparative
judgment of people and is the basis for calculating the weight of the AHP, which determines
the relative importance of each indicator by comparing all the indicators in the indicator
evaluation system in a two-by-two comparison. This matrix is also the only source of
AHP information, and its establishment will have a decisive impact on the final results.
According to the hierarchical structure proposed by Thomas L. Saaty, the hierarchical
structure will be analyzed and compared from the target layer, criterion layer, and indicator
layer to the modeling design for analysis and comparison. In the judgment matrix, relevant
elements are compared with each other for a given objective [12]. Furthermore, the user
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demand weights are imported into the QFD house of quality as a whole, which is widely
used in the design fields of industrial design, interaction design, and engineering design
oriented to functional characteristics, and the systematic innovation method is driven
by the user demand so that the user demand is converted to the technical demand, the
technical demand weights are derived, and the positive and negative correlations between
the factors are labeled on the roof of the house of quality to derive the contradictory
conflicts. Using the principle of QFD, the functional characteristics are analyzed in depth
and better transformed into specific environmental space design indexes for children’s
hospitals [13]. Then, according to the judgment of whether the type of contradictory
conflict is a technical or physical contradiction, the final spatial design solution for the
children’s hospital environment is derived through the forty principles of inventions in
TRIZ innovation theory. The specific research process is shown in Figure 1.

Analysis of the status of children's hospitals
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Figure 1. Environmental space design process for children’s hospital.
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2.3. Analysis and Measurement of the Hierarchical Requirements of Children’s Hospital Space
Design Users

To obtain more accurate user demand factors, this study obtained a total of 510 sample
data points from groups including architects (26), children (236), parents (86), designers
(98), and children’s doctors (64, including 17 pediatricians and 9 child psychology experts)
through literature searches and questionnaire interviews. By organizing and summarizing
the user needs of children’s hospital space design, the level of needs can be divided into
three levels: the target level, the guideline level, and the indicator level. The first level
(target level) is the total demand for children’s hospital environmental space design that
meets the user’s needs, A; the second level (criterion level) includes four aspects of visual
elements, Al; human—computer interaction, A2; safety, A3; and functionality, A4; and the
third level (indicator level) is the specific subdivided demand under the criterion level (see
Figure 2). The user demand hierarchy of children’s hospitals is defined, and the next matrix
analysis is started.
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Figure 2. Requirements of children’s hospital environmental space users.

After unfolding the classification of user needs in the spatial design of children’s
hospitals, this study needs to further use the AHP hierarchical analysis to establish the
judgment matrix corresponding to the user needs, to hierarchize the multiobjective complex
problem, and to further determine the weight of user needs through the consistency test
of the decision-making assessment to minimize the decision-making bias as much as
possible [14].

The entire calculation procedure is as follows:

Step 1: Judgment matrix analysis. For the target layer A and criterion layers A1-A4, the
judgment matrix is constructed by inviting experts to score two-by-two to reflect the degree
of relative importance between the elements of user requirements [15]. The judgment index
scale degree table is shown in Table 1.

Table 1. Judge the degree of the index scale.

Indicator Scale

Description of the Extent

Indicates that a is as important as b in a two-by-two comparison
Indicates that a is slightly more important than b in a two-by-two comparison.
Indicates that a is significantly more important than b in a two-by-two comparison.
Indicates that a is more strongly important than b in a two-by-two comparison.
Indicates that a is more important than b in a two-by-two comparison.
Between neighboring indicator scales

Step 2: The arithmetic mean method and square root method are used to calculate the
user demand weights of the children’s hospital space design, W. To ensure the validity
of the judgment matrix, it is necessary to carry out a consistency test, and the largest
characteristic root of the judgment matrix, such as the Amax, CI, and CR values, can be
used to test the consistency of the expert’s judgment. The CI value indicates the consistency
indicator, the CR value indicates the consistency ratio, # is the number of indicators, and RI
is the average random consistency indicator. American scientist Thomas L. Saaty derived
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the RI values by constructing 500 sample matrices using a random method. For matrix sizes
n=1,...,9, he randomly selected numbers from 1 to 9 and their reciprocals to construct
positive reciprocal matrices. He then calculated the average of the largest eigenvalues
obtained, A'max. This process resulted in the numerical values for RI. It is noteworthy that
the RI values obtained differ according to the scaling method used; however, as the order
increases, the RI values tend to stabilize. The calculation formula is shown as Formula (2),
with results presented in Table 2.

Amax —n
Cl=——— 1
n—1 @
AM'max —n
RI=—— 2
1 2)
CI
CR=— 3
R 3)
Table 2. Mean randomized consistency indicators.
n 1 2 3 4 5 6 7 8 9
RI 0 0 0.52 0.89 1.12 1.26 1.36 141 1.46

When the calculated CR value < 0.1, the consistency test is passed, and vice versa, the
judgment matrix should be reconstructed for the test.

Step 3: Weighting matrix analysis of user requirements for children’s hospital space
design. Create the matrix, and according to Table 1’s scale of judgment indicators, compare
the factors horizontally and vertically in pairs, with the center as the diagonal division.
The corresponding values on either side should multiply to equal 1. For example, in the
criterion layer, if A2 (human—computer interaction) is significantly more important than Al
(visual elements), then assign a value of 5 to A2 and a value of 1/5 to Al. Continue this
pattern for all data, then calculate the weight of each requirement, ensuring that the sum of
the weights equals 1.

The weighting values of guideline layers A1-A4 on the target layer user requirements
A are scored and calculated [16]; see Table 3.

Table 3. Weighting values of criterion layers A1-A4 on target layer user requirements A.

A Al A2 A3 A4 \%
Al 1 1/5 1/5 1 0.0925
A2 5 1 1 3 0.4073
A3 5 1 1 2 0.3680
A4 1 1/3 1/2 1 0.1322

According to the indicators in Table 3, the calculation steps for the consistency test are
as follows:

First, normalize to obtain the standardized matrix, then sum each row of the standard-
ized matrix to obtain the vector matrix W.

0.4472
1.9680
1.7783
0.6389

W:

o
Normalize the vector matrix W to obtain the eigenvector of the judgment matrix A W.
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0.0925
0.4073
0.3680
0.1322

—
W =

o
Then, calculate the eigenvalue A = A x W.

1 1/5 1/5 1 0.0925 0.3797
A= 5 1 1 3 « 0.4073 | _ | 1.6343
5 1 1 2 0.3680 1.5021
1 1/3 1/2 1 0.1322 0.5444

Finally, perform a consistency test for single-level sorting by calculating the largest
eigenvalue Amax of the judgment matrix A.

A 0.3797 1.6343 1.5021 0.5444

Amax = . 7\/ T 4x0.0925 ' 4x04073 ' 4x 03680 ' 4 x 0.1322

Based on the aforementioned steps, calculate the consistency index CI:

Amax —n  4.0795 —4
=1 = 41-1 = 0.027
From Table 2, it is known that when n = 4, RI = 0.89. Therefore, the random
consistency ratio CR = 0.03 < 0.1 meets the consistency requirements.

Cl 0.027
R=—=—=0.
c RI 0.89 0.05

Based on the calculation of the weight matrix, where CI = 0.027,CR = 0.03, the
consistency test is passed.

Similarly, the other segmented needs of the children’s hospital space design indicator
tier were scored and calculated for the weighted values of the guideline tier user needs
A1-A4, as shown in Tables 4-7.

= 4.0795

CI

Table 4. Weighting values of indicator layers A11-A14 for guideline layer user requirement, A1.

Al Al1 Al12 A13 Al4 W

All 1 4 4 1 0.4065
Al2 1/4 1 3 1/2 0.1591
Al3 1/4 1/3 1 1/5 0.0730
Al4 1 2 5 1 0.3614

Based on the weighting matrix calculation, where CI = 0.038 and CR = 0.043, the
consistency test was passed.

Table 5. Weighting values of indicator layers A21-A24 for guideline layer user requirement, A2.

A2 A21 A22 A23 A24 W
A21 1 1/4 3 1/3 0.1429
A22 4 1 4 1 0.4042
A23 1/3 1/4 1 1/4 0.0768
A24 3 1 4 1 0.3761

Where CI = 0.041 and CR = 0.047, the consistency test was passed.
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Table 6. Weighting values of indicator layers A31-A34 for guideline layer user requirements, A3.

A3 A31 A32 A33 A34 \4
A31 1 1 1/3 3 0.2010
A32 1 1 1/3 3 0.2010
A33 3 3 1 5 0.5204
A34 1/3 1/3 1/5 1 0.0776

Where CI = 0.014 and CR = 0.016, the consistency test was passed.

Table 7. Weighting values of indicator layers A41-A44 for guideline layer user requirement, A4.

A4 A41 A42 A43 A44 W
A41 1 1/5 1/3 1/5 0.0662
A42 5 1 3 1 0.3836
A43 3 1/3 1 1/4 0.1379
A44 5 1 4 1 0.4123

The consistency test was passed based on the weight matrix calculation, where
CI = 0.025 and CR = 0.029.

Finally, to calculate the composite weight values for each specific subdivision re-
quirement of the children’s hospital environmental space design user needs, multiply the
weights of the criterion layer (A1-A4) by the weights of the indicator layer (A11-A14,
A21-A24, A31-A34, A41-A44). For example, multiply the weight of the visual elements,
Al (W =0.0925), by the weight of the color, A11 (W = 0.4065), to obtain the first composite
weight value in the table, which is 0.0376, as seen in Table 8.

Table 8. Combined weights of specific segmentation requirements.

Weights at the Guideline Level Indicator Layer Weighting of Indicator Layers Combined Weights
Color(A11) 0.4065 0.0376
Visual elements (A1) Use of sha'pes (A12) 0.1591 0.0147
W = 0.0925 Sunhght (A13) 0.0730 0.0068
Styles and themes (A14) 0.3614 0.0334
Recreation facilities (A21) 0.1429 0.0582
Human-computer interaction (A2) ) Signage (A22) 0.4042 0.1646
W = 0.4073 Medical equipment (A23) 0.0768 0.0313
Game interaction (A24) 0.3761 0.1532
Use of materials (A31) 0.2010 0.0740
Safety (A3) Cor.ner design (A32) 0.2010 0.0740
W = 0.3680 Social security (A33) 0.5204 0.1915
Accessibility (A34) 0.0776 0.0286
Regional distribution (A41) 0.0662 0.0088
Functional (A4) Healing function(A42) 0.3836 0.0507
W =0.1322 Educational function(A43) 0.1379 0.0182
Personalized messages (A44) 0.4123 0.0545

3. Transformation of User Needs for Environmental Space Design in Children’s Hospitals
3.1. QFD-Based Design Feature Transformation

Through the hierarchical analysis method AHP, which is used to derive the compre-
hensive weight of the spatial environment design of children’s hospitals for each specific
subdivision of needs, to meet these needs, it is also necessary to intervene in the quality
of the functionality to develop the QFD theoretical model, which will be converted from
user needs to technical requirements and production requirements. The conversion process
is shown in Figure 3. QFD ensures that the design solution closely matches the needs of
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the users of the children and their families and provides a set of structured frameworks
to specifically analyze and solve problems. QFD is a recognized method for converting
the needs of children and families into appropriate technical requirements for ergonomic
design development. QFD is used to summarize the key results of the analysis of the main
data to establish the design criteria and provide a basis for design development [17]. First,
the technical requirements that may correspond to the needs of the specific segments of the
AHP are listed through the requirements of each specific segmentation of the AHP. Second,
the HOQ combines the user needs and technical needs to clarify the correlation between the
user needs and technical needs so that architects and designers can maintain a clearer and
more rational mindset to consider the design program when designing the environmental
space of children’s hospitals and make the design more scientific and broader. Finally,
the importance weight of the technical requirements is calculated, and the positive and
negative correlation between each technical requirement factor is judged to derive the
conflicting relationship and solve it.

Conflictual

relationship

1

nter-correlatio

of factors

Weighting of user /]\

requirements

Technical requirements

v

Conversion of user

—> requirements into

technical requirements

v

Weighting of technology

needs

Figure 3. QFD design feature transformation flow.

3.2. Children’s Hospital Spatial Environmental House of Quality

The technical requirements for each specific subdivision of the spatial design of chil-
dren’s hospitals are analyzed and presented in Table 9, which intuitively shows that the
technical requirements involved in the spatial environmental design of children’s hospi-
tals include the following 12 aspects: interactive color decoration, safe and easy to clean,
ergonomic, low complexity, simple and beautiful, environmentally friendly materials, in-
telligent toys for diverse play, comprehensive automation, interactive devices, structural
stability, multifunctional flexibility of tables and chairs, and children’s safety fixtures.

After transforming the user requirements of the spatial environment design of chil-
dren’s hospitals into corresponding technical requirements, it is necessary to determine the
absolute weight and relative weight of each technical requirement. To further improve the
scientific nature of the design study, it is necessary to set up a house of quality; the roof of
the house of quality is composed of the user requirements and technical requirements, the
16 user requirement factors of the index layer are imported into the left side of the roof, the
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12 corresponding technical requirements are imported into the roof, and the roof is built by
the correlation of the positive and negative correlation of the two technical requirement
factors. The user requirements and technical requirements of the environmental space
design of the children’s hospital correspond to the matrix of the roof of the house of quality
with e (strong correlation), O (medium correlation), and A (weak correlation), where @ = 5,
O =3, and A =1, respectively, and the blank space between the two indicates no correlation.
Insert these three symbols into the house of quality matrix to measure the relationship
between the user needs and technical requirements, and calculate the absolute and relative
weight values of the technical requirements. The calculation formula is as follows [14].

Table 9. Technical requirements corresponding to user needs.

Standardized Layer Indicator Layer Technological Needs
Color (A11) Interactive color decoration
Safe and easy to clean
Use of shapes (A12) E -
Visual elements (A1) rgonomic
Sunlight (A13) Safe and easy to clean
Low complexity
Styles and themes (A14)

Simple and aesthetically pleasing

Safe and easy to clean

Eco-friendly materials

Recreation facilities (A21)
Intelligent toys with a variety of ways
to play

Total Automation System

Human-computer Signage (A22) Eco-friendly materials
interaction (A2)

Interactive color decoration

Safe and easy to clean
Medical equipment (A23) Ergonomic
Interactive color decoration

Interactive devices

Game interaction (A24)
Various ways to play

Eco-friendly materials

Use of materials (A31) Safe and easy to clean

Stable structure

Safe and easy to clean

Corner design (A32)
Safety (A3) Stable structure
Social security (A33) Total Automation System
Multifunctional flexibility of tables
and chairs
Accessibility (A34)
Child safety fixtures
Ergonomic

Interactive color decoration

Regional distribution (A41) - - -
Simple and aesthetically pleasing

Functional (A4) Healing function(A42) Interactive fixtures

Educational function(A43) Interactive devices

Personalized messages(A44) Total Automation System
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In the formula, Wj represents the absolute weight value of the technical requirements,
Wi represents the weight of the user needs (the composite weight values of each specific
subdivided requirement in Table 8), Pij represents the correlation coefficient (the three
symbols corresponding to the house of quality QFD, where strong correlation e = 5, medium
correlation O = 3, weak correlation A = 1), and Wk represents the relative weight value of
the technical requirements:

q
Wi =) WP (4)
i=1
Wi
Wi = ——— (5)
L W
i=1

The following conclusions are drawn from the information presented in the house of
quality (HOQ), as shown in Figure 4.

+
Z +
4 +
+ +
+ +
+
+ - - * Y
+ —
Technological | Interactive Safe Erzonomic Low Simplc and Eco-fricndly Intellizent Total Interactive Stable Mulii-functional Child Weighting of
Necds color and complexity acsthetically materials toyswitha | Automation devices stucture | Mexibility of tables safety comprehensive
decoration casy o pleasing varicty off System and chairs fixtwres user
User clean ways 1o play roquirements
Requirements
Color [ ] O yaN O A 0.0376
Use of shapes [ ] [ ] O O O 0.0147
Sunlight [ ] o yaN AN 0.0068
Styles and themes O [ ] [ ] A 0.0334
Recreation facilitics O [ ] O A\ [ ] [ ] AN O 0.0582
Sipnage [ ] O A YAN [ ] [ ] YaN 0.1646
Medical equipment [ ) o [ ) 00313
Game interaction O O A [ ] 0.1532
Use of materials [ ] A O [ ] [ ] 0.0740
Comer design [ ] yAN [ ] [ ] A YN 0.0740
Social sccurity [ ] O 0.1915
Accessibilty O A [ J A A O [ ] @ | oo
Regional distribution [ ) yAN O O 0.008%
Healing function O [ ] 00507
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technology nceds

Figure 4. Children’s hospital environmental space design house of quality.
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(1) In the design and development of the children’s hospital environment space, inter-
active devices (13.75), all-around automation (13.68), and sustainable and environmentally
friendly materials (12.88) are the most important and indispensable to the whole design;
ergonomic (12.28), safe and easy-to-clean (12.08), and interactive colorful decorations (10.48)
are more important and are considered to be key elements of the design and development.
Structural stability (8.54), simplicity and aesthetics (5.27), and low complexity (5.27) are
generally important; smart toys with various ways of playing (2.94), the multifunctional
flexibility of tables and chairs (1.40), and child safety fixtures (1.40) are the next most
important factors in the development of the design.

(2) There are several contradictions in the quality of the house: low-complexity and
intelligent toys with a variety of ways to play (i.e., the more ways to play, the more complex
the structure, the more difficult to reduce the complexity of the toys); simple, aesthetically
pleasing and intelligent toys with a variety of ways to play (i.e., it is difficult to ensure
that the complexity of the product is simple); interactive devices with a low complexity
(i.e., the design of the devices should be simplified as much as possible to make them
easy to understand); all-around automation and structural stability (i.e., a large number
of automation devices may lead to structural instability); the multifunctional flexibility of
tables and chairs with structural stability; the safety and ease of cleaning; low complexity
(i.e., it is difficult to ensure the structural stability of the product with many functions, and
it is difficult to clean the product, and it is not easy for the users to use); and interactive
color decorations with sustainable and environmentally friendly materials (i.e., materials
that use certain colors may not be environmentally friendly or may require unsustainable
methods to maintain the vibrancy and longevity of the colors) [14,18].

4. Discussion on Design Contradictions Based on TRIZ Theory
4.1. Analysis of Contradictions in the Spatial Design of Children’s Hospitals

To guarantee the scientificity and rationality of the data, TRIZ theory, as an important
method for solving engineering problems, provides 40 specific suggestions for dealing
with common contradictions in technical systems, such as the separation principle, the
inverse principle, and the prior principle, which can be perfectly combined with the
unfolding of the QFD quality function. The positive and negative correlations between the
factors can be clearly seen through the roof section of the house of quality: “+” indicates a
positive correlation, “—" indicates a negative correlation, and the blank space indicates no
correlation between the technologies.

4.2. Solutions to the Contradictions in the Spatial Design of Children’s Hospitals

Based on the pairs of contradictory conflicts derived from the house of quality and
considering the specific situation and requirements of the children’s hospital environmental
space design, we determine the appropriate invention principle in TRIZ theory to practice
and solve the contradictory conflicts, as shown in Table 10.

The first contradiction is between simplicity, aesthetics, low complexity and the variety
of ways to play with smart toys. The separation principle allows for different parts of the
toy to be interchanged or recombined to create new ways of playing while maintaining the
overall simplicity.

The second pair of contradictions involves the contradiction between interactive
devices and low complexity. By adopting the self-service principle, the device can use user
behavior, such as haptic feedback, as input, and the actions are natural and easy to execute
and adapt to the needs of different users. The user interface needs to be designed to be
simple and clear, using graphical instructions and intuitive icons.

The third contradiction is the contradiction between omnidirectional automation and
structural stability. Adopting the principle of localized mass ensures that each component
can maximize its performance in its function, while the stability of the overall structure is
also guaranteed, realizing efficient and stable omnidirectional automation.
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Table 10. Scale of judgment indicators.

Contradictory Conflicts Recommended Inventive Principles Solutions

Intelligent toys with diverse play
methods—simplicity and beauty,

low complexity

Different parts of the toy can be
interchangeable or recombined to create
new ways to play

Principle 2:
separation principle

Interactive devices—low complexity

Principle 25:

. .. Tactile feedback and graphical indications
self-service principle

Each component maximizes its

Comprehensive Principle 3: functionality to ensure overall
automation—structural stability local quality principle structural stability
Multifunctional flexibility in tables and . Prlr}c1ple % Detachable and fad)ustgble table an.d chair
. . separation principle (repeated) components, minimizing decorations to
chairs—structural stability, safe and easy to e .
. Principle 15: ensure smooth edges, and selecting
clean, low complexity N L . .
dynamization principle sustainable materials
Interactive color decorations—sustainable, Principle 32: Dynamic interaction, Ch(.)osmg materials
- . . . . that can change color in response to
environmentally friendly materials changing color principle . L
different stimuli

The fourth pair of contradictions involves the contradiction between the multifunc-
tional flexibility of tables and chairs and their structural stability, safety, ease of cleaning,
and low level of complexity. The principles of separation and dynamism are adopted so
that tables and chairs can be quickly combined, reorganized, or adjusted according to users’
needs, such as removable chair backs and adjustable table legs. The decorative and complex
components of tables and chairs are reduced as much as possible to ensure that all edges
and corners are rounded and free of sharp corners and that sustainable materials that can
be easily wiped and maintained are chosen.

The fifth contradiction is between interactive color decoration and sustainable and
environmentally friendly materials. Using the principle of changing color, this approach
involves designing materials that can change color in response to different stimuli, en-
abling dynamic interactions without the need for additional materials or coatings. This
approach aligns with sustainability by reducing the use of potentially harmful substances
and enhancing the longevity and adaptability of products.

5. Innovative Design Practice Based on Contradiction Analysis Results

By applying TRIZ theory to outline the contradictions in the design of children’s hospital
environments, a systematic methodology is provided to identify and resolve design contradic-
tions. This can guide designers in their practice of designing children’s hospital environments,
enabling them to achieve optimal solutions for the aforementioned contradictions.

5.1. Overall Internal Structure of Space Design for Children’s Hospitals

During hospitalization, children face physical illnesses and many psychological chal-
lenges. One of the important factors affecting children is the design of the hospital envi-
ronment. Environmental space design emphasizes the interaction and mutual influence
between the environment and human psychology. It is an emerging discipline that intersects
psychology with architecture or environment. A safe and comfortable environmental space
provides positive psychological cues to individuals [19]. Improper hospital design may lead
to an increase in fear, anxiety, and behavioral disorders. According to the above research,
there is a contradiction between interactive color decorations and sustainable and environ-
mentally friendly materials, and the design of spaces in children’s hospitals is different from
that of general hospitals and should fully consider the physical and psychological needs
of children. Sara Nourmusavi Nasab studied the atmosphere required by children during
treatment through 16 drawings and 24 interviews with children in children’s hospitals in
Iran. The results showed that the children preferred hospital environments that provided
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both recreational facilities and design features such as lighting, colorful decorations, the
presence of green spaces, and conditions suitable for the presence of family members [20].
Following the continuum of humanized perception across different environments/places
(such as hospitalization areas and reception areas), trends indicate how emotional quality
profiles change with the degree of humanization in hospitals: the higher the degree of
humanization in the architectural environment, the higher the positive emotional quality
and the lower the negative emotional quality. Therefore, experiencing a highly humanized
architectural environment in a hospital can increase positive emotional qualities and reduce
negative emotional qualities [21]. Color, as the most sensitive element of children’s visual
senses, should not be ignored in design. Patients’” phenomenal experience of the features
of the built environment of healthcare buildings can affect their recovery and well-being.
Therefore, understanding the therapeutic effects of landscapes and buildings can inform
the design of healthcare environments to increase health benefits [22]. Based on Piagetian
cognitive theory, bright colors tend to attract children’s attention and therefore reduce fear
in healthcare, changing the uniform white palette to a rich color palette and using the visual
stimulation it produces to provide a more welcoming and appropriate spatial environment
for pediatric patients. The colors are used to provide a more welcoming and appropriate
space for pediatric patients [23]. To protect the safety of children, a curved space design
is adopted, sharp edges and corners are reduced as much as possible, and soft materials
are mainly used to reduce the risk of collision when children walk in the space. A smooth
transition and continuous visual effect can also be created through the streamlined design
direction, which can effectively guide people’s sight and movement paths, making the
spatial layout more reasonable. At the same time, light is vital for creating a positive and
therapeutic environment. The design maximizes the use of windows to introduce natural
light and regulate children’s moods, and in areas where sufficient natural light cannot be
provided, soft, non-glare lighting is selected. Additionally, the use of aromatherapy devices
in specific areas of a children’s hospital, such as the lobby, waiting rooms, or treatment areas,
can enhance environmental comfort. Choosing mild and pleasant scents like citrus, lavender,
or fresh green tea can enhance the ambiance. Alternatively, scent sprays could be dispersed
through the hospital’s air system, either automatically or manually at regular intervals,
ensuring an even distribution of scent throughout the facility. It is essential to select scents
according to children’s preferences and needs, such as fruity, candy, or marshmallow scents,
which can help create a pleasant atmosphere, reducing anxiety and stress while waiting.
Additionally, scent devices can be placed in play areas to merge with children’s activities
and games, enhancing interactivity and enjoyment. However, when selecting and using
scents, it is important to be aware of potential allergies or sensitivities children might have
to certain scents. Mild, natural scents should be opted for and it should be ensured that they
do not trigger allergic reactions or discomfort. By incorporating scents, children’s hospitals
can improve the environmental ambiance, creating a warm and comfortable medical experi-
ence that helps alleviate tension for both children and their parents, enhancing the overall
therapeutic outcomes and medical experience, as shown in Figure 5.

Figure 5. Internal design rendering of the environment in children’s hospital.
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5.2. Interactive Guide Signage Design

Due to the contradiction between interactive devices and low complexity, the design
of guide signs in children’s hospitals should be more geared toward children’s perspectives.
Interactive guide sign design in children’s hospitals is characterized by combining medical
guide information with children’s interactive elements to create a fun, comfortable, and
safe medical environment that helps children and parents better understand and cope with
the medical process. Therefore, in terms of environmental space guide sign design, the
appearance of interactive guide signs features children’s favorite cartoon images to attract
children’s attention and make them feel happy and relaxed in the hospital environment.
In terms of functionality, interactive guide signs can provide children with customized
healthcare navigation services based on their destination using a voice navigation system.
Through a personalized voice-guided system, children are provided with customized
navigation services. Based on navigational functionality, this system incorporates a variety
of sound effects, including friendly cartoon characters, cheerful music, and warm auditory
cues. These sound effects not only capture the children’s attention but also provide a
sense of security and a pleasurable experience. Additionally, they can foster comfortable
and relaxing positive emotions within the medical environment, enhancing children’s
experiences and emotional states in medical settings. It is important to note that, due to the
unavoidably noisy environments in hospitals, the voice system can only be implemented
in specific hospital areas, such as children’s waiting areas. Interactive wayfinding signs
provide a positive, engaging experience without the need for contact surfaces that can
spread infection. It can be used by children, teens, and adults for all motor abilities. All
participants strongly felt that interactive media displays would improve the healthcare
waiting experience [24]. In this way, children can more easily understand the layout of the
hospital, locate the target department, understand the flow of care, and plan their path
to the clinic efficiently as they explore the interior of the hospital, and this personalized
healthcare navigation service reduces anxiety and stress during clinic visits, as shown
in Figure 6.

Figure 6. Interactive guide sign diagram.

5.3. Natural Materials and Representation

The humanized design of children’s hospital tables and chairs can effectively enhance
children’s experience in the hospital and protect their safety and health. The humanized
design of tables and chairs should take into account the physical characteristics and activity
needs of children. The height, angle, and edges of tables and chairs should be in line with
children’s physiological characteristics to avoid accidental injuries caused by failing to
meet the needs of children in all aspects. In addition, environmentally friendly, natural
materials should be chosen for table and chair materials to ensure that children in contact
with them are not subject to the threat of toxic substances. In addition, some changes in
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modeling should be made based on the characteristics of the children, such as incorporating
different animal imagery into tables and chairs, so that children have a greater sense of
immersion and increased interactivity. The image of children’s favorite animals should be
incorporated into the object. To improve safety, environmentally friendly materials that
are harmless to children should be used. The preferred color should be warm and one
that children like. Materials that are environmentally friendly should be used. For better
mobility, the device should not be harmful to the body and it should be lighter. For safety
reasons, it should be recyclable because of its environmentally friendly characteristics.
The edges are smooth and free from hazardous elements. Choosing different sustainable
materials and applying them skillfully in the design of tables and chairs not only enhances
the comfort experience of children but also creates a more environmentally friendly and
healthy environment for hospital visits. Currently, it is not economical to use solid wood in
furniture production. One of the main reasons for this is the rapid growth of the world’s
population and the reduction in forest resources. Wood composites have been widely used
as alternative materials to solid wood due to their advantages, such as dimensional stability
and feasibility for use in furniture production [25]. Wood composite tables and chairs are
common uses of sustainable materials. The use of wood tables and chairs not only adds a
fresh and natural atmosphere but also protects the health and safety of children because
of the natural properties of wood, as shown in Figure 7. This kind of table and chair has
a natural texture but also has environmentally friendly characteristics, in line with the
construction of comfortable and safe environment design concepts for children’s hospitals.
Therefore, the use of sustainable and environmentally friendly materials can not only
improve the quality and comfort of children’s hospital tables and chairs but also reduce the
consumption of natural resources, reduce environmental pollution, and provide a healthy
and environmentally friendly environment for children’s medical treatment. Therefore, the
selection and application of sustainable materials should be fully considered in the design
of children’s hospitals.

!
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Figure 7. Renderings of children’s chairs suitable for a pediatric hospital waiting area.

5.4. Humanized Design for Security

The key to ensuring the safety and comfort of children in children’s hospitals is
humanized design, and numerous studies have confirmed that children’s performance
with computer mice and other input devices improves with age. Speech recognition has
fascinating potential for a variety of applications for children. Children’s attention spans
and interaction patterns are very different from those of adults. Children also bring unique
interaction styles to the online environment; they respond to information they encounter
while browsing the internet in a significantly different way to adults [26]. Considering
children’s age and cognitive level, the design should be simple and easy to understand,
and the appearance of smart toys should be designed to be friendly and cute, with simple
functional operation, which can quickly attract children’s attention and increase their
motivation to participate, as shown in Figure 8.
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¥

Figure 8. Intelligent interactive robots for a pediatric hospital ward area.

The humanized design of smart toys should also focus on children’s emotional needs
and psychological state and increase emotional interactions with children, such as through
humanized movements, expression interfaces, and voice interaction, which can invariably
strengthen children’s ability to express and communicate, as well as enrich children’s
emotional exchanges and all-round development. When evaluating technology for chil-
dren, one should first understand how children and adults use technology. What are the
differences between children and adults in the way they use technology? There is no doubt
that adults use technology for play, learning, and general purposes just as much as children
do, and adult technology is designed for all three purposes as well. However, the way
children interact with technology is different [27].

6. Conclusions

The aim of children’s hospital environmental design is to create a safe and comfortable
space with positive psychological cues and auxiliary diagnostic and therapeutic effects,
with the aim of reducing the anxiety and fear of children attending the hospital. While
there are already studies on the psychological impacts of hospital environmental design
on children, this research takes a theoretical model perspective, focusing on enhancing the
emotional design of children’s hospital environments. This research utilizes the Analytic
Hierarchy Process (AHP) and takes into account both the psychological and physiological
characteristics of children to identify the factors of children’s hospital environmental
design that meet user needs. It also calculates the corresponding weight values for each
requirement. QFD is then combined with quality function development to derive the
corresponding technical requirements, a house of quality is constructed to determine the
conflicting aspects, and finally, the 40 principles of invention theory of TRIZ is used to
further resolve this conflict to develop a feasible solution for the innovative design of
children’s hospital environments. This study demonstrated that the process of designing
children’s hospital environments, which consists of AHP, QFD, and TRIZ, includes a certain
degree of science and logic, which enables the design and production to be carried out
under the guidance of theory.

Certainly, while innovative design practices for children’s hospital environments
have demonstrated forward thinking, this research still lacks a mechanism for assessing
and providing feedback on the optimized design practices in real children’s hospital
environments. The next step in this research will involve strengthening the tracking
and evaluation of design implementations in actual medical settings. This is aimed at
establishing a positive feedback loop and a sustainable development model for the design
of children’s hospital environments, better serving the special and particularly vulnerable
group of pediatric patients.
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