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Evaluation Model for Modular Children's Wooden
Storage Cabinet Design

Yin Zhao * and Yunjia Xu

The design evaluation method of furniture products was explored for
modular children’s wooden storage cabinets. An evaluation model
consisting of the Kano model, hierarchical analysis, and grey relational
analysis is proposed. A 25-member panel of experts was involved in the
development of the evaluation guidelines and the scoring of the program.
The expert group used the KJ method to obtain evaluation guidelines for
modular children’s wooden furniture that met the requirements of the
hierarchical analysis method and screened the functional indicators
through 103 validated questionnaires for the Kano model. The evaluation
guidelines of modularized children’s wooden storage cabinets were thus
obtained, which are both comprehensive and targeted. Then, hierarchical
analysis and grey relational analysis were combined to select the solution
with the highest grey weighted correlation result as the best solution. The
feasibility of the grey comprehensive evaluation method, which combines
subjective preference and objective empowerment, in the field of furniture
was confirmed through the practice of selecting the best of the three
modular children's wooden storage cabinet design solutions, and the
evaluation preference of the modular children’s wooden storage cabinet
was uncovered. The design model provides an innovative evaluation tool
for children's furniture manufacturers to optimize their sales strategies.
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INTRODUCTION

In the face of constantly updating market competition, furniture companies need to
explore solutions that cater to different furniture audiences. New approaches are needed in
order to expand the product audience, improve product life cycles, and gain more
willingness to pay from consumers (Yoshimoto 2009; Di et al. 2020). While there have
been various research paths to evaluate the design of industrial products, a comprehensive
approach has not been widely applied in each segment. There is still a lack of design
evaluation methods for selecting optimal solutions when standardized manufacturing
specifications already exist in the furniture sector (Sheng et al. 2012; Xiong et al. 2021,
Yu et al. 2021). Therefore, this study aims to explore the methodology for developing
design evaluation guidelines applicable to the furniture field and to expand comprehensive
design evaluation methods in the furniture field. Innovative evaluation tools are provided
to furniture manufacturers to optimize sales strategies and expand the functional forms of
children's furniture.
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To develop an effective evaluation model, existing methods must be sorted and
summarized. The conventional method for design evaluation is the Analytic Hierarchy
Process (AHP) or the Fuzzy Analytical Hierarchy Process (FAHP), which is combined
with the Entropy Weight Method (EWM) (Li and Zhan; Oblak et al. 2017; Yue et al. 2022;
Liu et al. 2023b). In these furniture evaluation studies, AHP was applied to the design
evaluation of restaurant chairs, online furniture purchase behavior, furniture for parent-
child interactive games, and custom panel furniture; some studies combined targeted
furniture evaluation indicators for a comprehensive evaluation; however, other furniture
categories remain to be explored (Li et al. 2020; Wang and Pan 2022; Liu et al. 2023a; Jin
and Li 2023; Yu et al. 2023). It can be seen that AHP is one of the most widely used
methods when building evaluation guidelines. The combination of AHP, Technique for
Order of Preference by Similarity to Ideal Solution (TOPSIS), and grey relational analysis
(GRA) can be used to achieve a more scientific multi-criteria decision making for
comparing the solution of complex products (Pandian et al. 2016; Tian 2017). In the
meantime, GRA is a common method that is used in conjunction with FAHP to improve
evaluation accuracy (Sun et al. 2018; Tan et al. 2019; Liu and Zheng 2021; Hu and Zhao
2022). AHP, as a subjective method, determines the weight coefficients of the evaluation
indicators on the basis of constructing the evaluation indicators, which are analyzed
qualitatively and quantitatively by a group of experts. The grey relational analysis method
can obtain the relationship between each program and indicator through the assignment.
Combining the two can make up for the shortcomings of a single evaluation model in terms
of accuracy and objectivity, and then better complete the comprehensive evaluation and
preference of the design program (Yang et al. 2011; Wang et al. 2015; Fang and Wang
2020; Li 2021; Cheng et al. 2023). Typically, design evaluation of product solutions can
already be realized using a combination of AHP and GRA when clear and concrete
evaluation guidelines are available. However, there has been a lack of research on
evaluation criteria for segmented products in the current furniture sector. Therefore, this
study aimed to propose a methodology that is applicable to any major furniture category
and can be transformed into evaluation guidelines for a specific individual product through
the screening of indicators, thereby improving the efficiency of evaluation guideline
development. This work takes a cue from design development research methods. The Kano
model is the most commonly used method for requirements categorization and screening,
and it is often used in the design guidance phase. The combined use of Kano and AHP not
only enables the classification of requirements but also the prioritization of design metrics
(Neira-Rodado et al. 2020; Ming 2021). Therefore, based on the existing generalized
evaluation guidelines, the Kano model is used to classify the metrics and thus eliminate
indifference and reverse attributes. Retaining the valid demand and combining it with AHP
allows access to evaluation guidelines for a specific single product while ensuring the
comprehensiveness of the guidelines (Singh et al. 2020; Shahriar 2022). In addition, the
House of Quality matrix based on Quality Function Deployment (QFD) requirements
transformation, combining the Function-Behavior-Structure (FBS) design model and the
fuzzy clustering method, and Interactive Genetic Algorithms (IGA) have been used to carry
out design evaluations of industrial products, especially modular products that can be
flexibly combined (Fujita 2002; Fujita and Yoshida 2004; Lu et al. 2012; Zhang et al. 2013,
Mamaghani and Barzin 2019; Weng 2021). In summary, in order to realize the design
evaluation of segmented furniture categories, it is the most suitable research idea at present
to form a composite evaluation model with Kano model, hierarchical analysis, and grey
relational analysis.
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The selection of the case study is very important. It needs to be representative and
accurately positioned to provide reference value for design evaluation of other categories
of furniture. Therefore, the study case needs to identify the users, materials, main functions,
and structural features in order to carry out the establishment of evaluation guidelines.
Modular children’s wooden storage cabinets were selected for this study and were chosen
for four reasons. First, children’s furniture is one of the furniture categories with the largest
number of styles and the largest number of specifications, and if the evaluation method
proposed in this study is applicable to children’s furniture, then other furniture types also
can be expected to benefit from use of the method. Children’s furniture manufacturers are
in the stage of evaluating and implementing sustainable innovation strategies in the face of
shifting attitudes and purchasing intentions of parents and consumers in the current
marketplace (Shahsavar et al. 2020; Wang and Wang 2021). Secondly, wood has been
found to be parents’ first choice in research studies on raw materials for children’s
furniture. Wood has a soothing and relaxing effect on children, which is beneficial to
children’s health and behavior (Nyrud and Bringslimark 2010; Kaputa et al. 2018; Wan et
al. 2015; Wei and Madina 2022). It is significant to note that to avoid environmental
damage caused by excessive cutting, furniture manufacturers should choose wood that has
a short growth cycle or reduce the use of raw materials by increasing the utilization of
engineered wood panels (Zhang 2013; Bai et al. 2014; Knauf 2015; Yang and Zhu 2021;
Luo and Xu 2023). Then, storage cabinets appear in every child’s activity scene as one of
the most important types of furniture. At the same time, children have a wide range of
storage needs for their belongings, and the selection of storage function as a study case has
a certain guiding value. Finally, modular configuration is one way to achieve flexibility
and growability in children’s furniture. Modular furniture, as a dynamic serialized product,
is suitable to serve children’s spaces to increase flexibility and interest in use (Ye et al.
2021).

Design evaluation for furniture is mainly inextricably linked to consumers’
purchase decisions, so integrating consumers in design decisions is a wise decision. Parents
as buyers of children’s furniture and children as users have different priorities. From an
enterprise’s point of view, it is most appropriate to target the consumer market for
children’s furniture and set parents as the target users to participate in the design evaluation.
However, the development of evaluation criteria should still be child-centered. At the same
time, evaluation criteria for furniture often require the intervention of a plurality of experts.
Exploring comprehensive evaluation metrics for children’s furniture suitable for parental
shopping considerations is a prerequisite when conducting design evaluations of modular
children’s wooden storage cabinets. Parents today no longer focus solely on the basic
functions and price of furniture when creating a space for children in their home; they may
also consider the educational value and environmental attributes of furniture for children
(Andag and Guizel 2017; Wan et al. 2019; Zhu and Wu 2020). In addition, the comfort and
growth adaptability of children’s furniture are also important evaluation indicators in the
current market (Salvador 2019a). Parents’ expectations concerning the educational value
of children’s furniture lie mainly in cognitive guidance and flexibility of use (Dobrowolska
et al. 2021). Functional expansion and modular configurations with geometrical shapes are
considered important design elements in children's furniture to promote children’s
enthusiasm for use and intellectual development (Pranoto et al. 2022). In the product
iteration stage, innovation is required not only in functional expansion and morphological
changes but also in ergonomic needs such as user body adaptability and size matching
(Salvador 2019b; Ye et al. 2021). In addition to the existing generic indicators, this study
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needs to uncover segmented specific indicators for the product characteristics of modular
children's wooden storage cabinets.

In summary, the research objective of this study is to explore the way of
constructing a scientific and segmented design evaluation criterion for furniture products
and a product design evaluation method that is objective and applicable to the furniture
field. The research method is a composite evaluation model composed of Kano model,
analytic hierarchy process, and grey relational analysis. The research vehicle is a modular
children’s wooden storage cabinet. Next, the proposed Kano-AHP-GRA method model
will be introduced, the feasibility of the method will be verified through practical cases,
and design evaluation conclusions related to modular children's wooden storage cabinets
will be derived.

DESIGN EVALUATION MODEL FOR MODULAR CHILDREN’S WOODEN
STORAGE CABINETS

Based on the consumer trend of rising parental standards when purchasing
children’s furniture and the research trend of comprehensive design evaluation of modular
products driven by enterprise innovation, the research objective of this study involves a
modular design for children’s furniture. The specific research objective is modular
children’s wooden storage cabinets. The main method used in this design evaluation model
is the grey comprehensive evaluation method, which integrates the hierarchical analysis
method and grey relational analysis method. Among them, the Kano model was used to
screen sub criteria when determining evaluation criteria.

| Stage 1: Establish evaluation criteria (expert group+users)

Modular children's wooden storage cabinet design —» Kano model functional indicator screening (user questionnaire)

Evaluation criteria for modular children's wooden furniture

77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777

Stage 2: AHP method to determine the weight of each .Stage 3: GRA method to calculate the grey weighted
indicator (expert group) correlation of each scheme (expert group)
Building a hierarchical model — Collect scheme rating data
| | .
NO . T ! Determine reference data columns
Provide scale description i il
l E Dimensionalization of indicator data
Building a judgment matrix | $
|
l ) Determine the difference between two levels
i Calculate ei I d ei t i '
Consistency check <+— alculate eigenvalues and eigenvectors | e e
_ _ : '
YES Determine the total weight value of each |ndicator<l Calculate correlation order
__________________________________________________________________________________________________________________________

istage 4: Calculate grey weighted correlation degree
i Calculate grey weighted correlation degree

The optimal solution with the highest grey weighted correlation degree result

Fig. 1. Flow chart of modular children’s wooden storage cabinets design evaluation based on
grey comprehensive evaluation method

The process of using the design evaluation model for modular children’s wooden
furniture based on the grey comprehensive evaluation method is shown in Fig. 1. The first
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step is to establish design evaluation criteria for modular children’s wooden storage
cabinets. Given the limited research on modular storage cabinets for children, when
establishing evaluation criteria, reference materials were expanded to cover all children’s
furniture, and then sub-criteria were screened using the Kano model by an expert group.
This can ensure both the comprehensiveness of the guidelines and their pertinence. Second,
the AHP method was used to assign weights to each evaluation index to improve the
scientific nature of the subsequent program evaluation process. Then, the grey relational
analysis (GRA) method was used to evaluate each design solution and calculate the
correlation sequence. Finally, the solution with the highest result was selected as the
optimal solution by calculating the grey weighted correlation.

Establish Evaluation Criteria

Establishing modular children’s wooden storage cabinets evaluation guidelines is
the foundation for a comprehensive product design, and the objects considered in the
evaluation guidelines should include users, consumers, manufacturers, and other groups to
obtain the most comprehensive indicators. Children are the direct users of such furniture,
and children’s feelings of use are the most influential factor in the form and function of the
furniture. As consumers of children's furniture, parents primarily consider the safety of the
furniture and the modular system, followed by the aesthetics of furniture modeling, and the
functional options. Children’s furniture manufacturers prioritize the economic value of the
enterprise. At the same time, as wooden furniture, the manufacturing process and structural
design differences caused by its material properties should also be taken into consideration.
Given the limited research on modular children’s wooden storage cabinets, there is no
standard that can be directly referenced. Therefore, it is necessary to search for relevant
information as much as possible from the relevant data of children, parents, and
manufacturers mentioned above, and use the Kawakita Jiro (KJ) method for preliminary
classification and consolidation.

After obtaining a comprehensive but not modular evaluation criteria for children’s
storage cabinets, it is necessary to filter and replace existing indicators to improve the
accuracy of the evaluation. In particular, function is the main indicator reflecting the
differences between furniture categories. The Kano model is recommended to select
functionality indicators with educational value. The Kano model can establish a link
between the degree of furniture function availability and consumer satisfaction and classify
user needs into attractive attribute A, one-dimensional attribute O, must-be attribute M,
indifference attribute 1, reverse attribute R, and questionable Q. The Kano model’s
questionnaire (shown in Table 1) is in the form of a five-level scale, and the same need will
be asked from both positive and negative aspects. After collecting user questionnaires, user
attitudes can be identified according to the Kano model evaluation results classification
control table, as shown in Table 2. Analysis by SPSS software can obtain the better-worse
coefficients, which are calculated by Eq. 1 and Eq. 2, respectively, for demand.

Table 1. Kano Questionnaire

Kano Question

Functional form of the Like Must-be | Neutral | Live with Dislike
question

Dysfunctional form of the | |, o Must-be | Neutral | Live with Dislike
question
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Table 2. Kano Model’'s Evaluation Table

Requirements - Dysfunctional - - —
Lik Must-be Neutral Live with Dislike

Like Q A A A 0
Must-be R I I I M
Functional Neutral R I [ | M
Live with R | | I M
Dislike R R R R Q

Note: A: attractive; M: must-be; R: reverse; O: one-dimensional; Q: questionable; I: indifference

Agetter = (A+0)/(A+ 0+ M +1) (1)
Aworse = —(0+M)/(A+0+M+1) (2

When using the Kano model to select the functionality indicators, the indifference
attribute 1, reverse attribute R, and questionable result Q, which are not relevant to rating
the specified furniture category, can be eliminated from the existing functionality
indicators. Finally, the attractive attribute A, one-dimensional attribute O, and must-be
attribute M are retained to constitute the functionality indicators. Together with the other
four first-level indicators, these indicators comprise a new and targeted evaluation criteria
for modular children’s wooden furniture (i.e., the hierarchical structure model of the
hierarchical analysis method).

AHP Method to Determine the Weight of Each Indicator

Hierarchical analysis is a hierarchical weighting decision method that can address
problems that are difficult to quantitatively analyze completely. Using hierarchical analysis,
this study provides indicator weights for the subsequent grey relational analysis and
improves the scientific rigor of the program evaluation. The hierarchical analysis method
can be divided into five steps. First, a hierarchical structure model, i.e., modular children’s
wooden storage cabinets, is established. In the established evaluation criterion of modular
children’s wooden storage cabinets, the first-level indicators at the criterion level are
denoted by Ui (i=1, 2, ..., n), and the second-level indicators at the sub-criterion level are
denoted by U; (i=1, 2, ..., n; ;= 1, 2, ..., m). In the second step, the indicators are scaled
and described, and then the importance of any two indicators at the same level is compared
and quantified. A nine-point scale is used for comparing importance, and the judgment
matrix scale is defined in Table 3. In the third step, after determining the relative
importance according to the evaluation scale, the judgment matrix of each level is
constructed. In the fourth step, the eigenvalues and eigenvectors are calculated to determine
the relative importance of the elements at each level and to conduct the consistency test;
the consistency index (CI) and the consistency ratio (CR) are defined by Eqgs. 3 and 4,
respectively. Finally, according to the above principles and methods, the group of experts
was invited to participate in the collective decision making. Afterwards, the total weight
value of each index was determined by arithmetic means. Specifically, after obtaining the
relative importance among the elements at the same level, the comprehensive importance
of the elements at each level to the overall level was calculated.
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Table 3. Judgment Matrix Scales

Scale Level of Importance

1 k,g elements are equally important

k is slightly more important than g

K is significantly more important than g

k is strongly more important than q

O|N|OT|Ww

k is definitely more important than g

2, 4, 6, 8 Intermediate values

If the ratio of the importance of element k to element q is bkq,then the ratio of

Inverse of scale the importance of element g to element K is 1/bkq

*Note: bkq indicates the ratio of the relative importance of indicators k and g and satisfies bkq > 0;
bk = 1;bkg= 1/ bak (k,q = 1,2,...,n). Therefore, the larger byq is, the higher the importance of
indicator K relative to indicator g is

¢ = tmax 0 3)

n-1

where Amax IS the largest eigenvalue of the judgment matrix. Equation 4 is as follows,

cR=S (4)

RI

where the consistency of the judgment matrix is considered acceptable when CR < 0.10,
otherwise the judgment matrix should be appropriately corrected.

Calculate the Grey Weighted Correlation of Each Scheme

grey relational analysis is a multi-factor statistical analysis method, and the grey
correlation can be used to describe the size and order between indicators. The more similar
the trend of change among the sample data, the greater the correlation, and vice versa. Due
to the lack of consideration of the weights given to the evaluation indices for program
evaluation using grey relational analysis, the AHP method must be introduced to increase
the scientific rigor of the scoring process by way of combining algorithms. When the grey
relational analysis method is used, an expert group should be invited to score a single
person using a five-point scale method and then take the average of these scores to form a
comparison matrix. Meanwhile, to improve the scientific rigor of the scoring process for
aesthetic indicators, the intention experiment of emotional semantics for furniture
categories can be added before applying the GRA method. The reference chart of users’
product perceptual intention scoring can provide the expert group with a basis for scoring
the aesthetic indices.

The evaluation criteria for modular children’s wooden furniture established
according to the AHP method were used to represent the evaluation schemes as S (S =1,
2, ..., n). The grey-weighted correlation of each scheme was calculated using the GRA
method in six steps. The first step is to collect the rating data and form a comparison matrix.
In the second step, a reference data column, i.e., an ideal comparison criterion, is
determined where the optimal value of each indicator rating value typically constitutes the
reference data column, which is denoted by Uo. In the third step, the index data are
dimensionless quantized, and the resulting data series matrix is shown in Eq. 5. In the fourth
step, the two levels of differences are determined, the absolute differences between the
comparison series of each index of the evaluated scheme and the corresponding index of
the reference data column are calculated one by one. The maximum and minimum
differences are defined by Eqgs. 6 and 7, respectively. In the fifth step, the correlation
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coefficients between each comparison series and the corresponding index of the reference
series are calculated using Eq. 8. Finally, the correlation order is calculated, where the
correlation coefficients between each index of the comparison series and the corresponding
index of the reference series are calculated separately for each comparison series. In the
last step, the correlation sequence is calculated, where the mean value of the correlation
coefficient between each indicator and the corresponding indicator of the reference series
is calculated for each comparison series using Eq. 9. This is represented in Eq. 5,

U11 U21 Unl
(U1,U2,...,Un) = U}Z U?Z U? (5)
Ulm U2m Unm

where n indicates the number of evaluation programs and m indicates the number of
secondary evaluation indicators. Equations 6 through 8 are defined below,

iil jrznl 5
min min |U0j—Ul-j| )
i=1 j=1

TT?aX mﬁx |U0] — Ul]l (7)

miinmjin|UOj—Uij|+pmlaxmjax|UOj—Uij|

|Uoj—Uij|+pmlaxm;1x|Uoj—Uij|
where p is the resolution coefficient, 0 < p < 1, and generally p is taken as 0.5; Eq. 9 is,
_ Y1 Sij

m (9)

where Sij in the formula indicates the correlation between the j™ indicator of the i product
and the reference series, and m represents the number of evaluation indicators.

Toi

Calculate Grey Weighted Correlation Degree

Grey weighted correlation is calculated for the obtained correlation order roi using
Eq. 10. A certain weight size is calculated for each evaluation index in the evaluation. The
calculated grey weighted correlation results are ranked from highest to lowest, and the
highest ranked design solution is the optimal solution. In summary, the defined design
evaluation for modular children’s wooden storage cabinets can also provide reference
indicators for further product iteration based on design solution selection. Equation 10 is
given as follows,

m
o 2j=19)5i)

[ (10)

m

where @ jis the weight of the j™ evaluation index; S indicates the correlation between the
i index of the j™ product and the reference series.

DESIGN EVALUATION CASE

As an important subcategory of children's furniture, storage furniture has multiple
product forms and high functional compatibility. Evaluating the design of a storage cabinet
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is a typical multi-indicator and multi-scheme preference decision problem; therefore, the
design evaluation model for modular children’s wooden furniture based on the grey
comprehensive evaluation method is applicable to evaluating the design of modular storage
cabinets for children. In the present study, three modular children’s wooden storage cabinet
design solutions, denoted S1, S2, and S3, are proposed. These three solutions are all
modeled and rendered by the author, and are modular solutions directly proposed based on
common design cases. There are five furniture modules in all three design solutions. Figure
2 shows the effects of the three design solutions. The large picture in the upper left corner
illustrates the overall effect, and the small pictures on the right and bottom illustrate the
individual effects of each module.

S1 has a rounded shape where the modules are single-layer cabinets or double-layer
cabinets that are connected in the form of a patchwork and the storage structure contains
open storage, drawers, sliding doors, and hanging rods. S2 is inspired by the design of a
small car where the modules are single or double cabinets that relate to additional fixtures
and the storage structure contains open storage, sliding doors, sliding doors, and hanging
rods. S3 is a rotating storage cabinet where the modules are single square cabinets with
uniform specifications that are stacked on top of four cabinet feet and the storage structure
contains open storage and drawers.

SCHEME 1 SCHEME 2 SCHEME 3
g
> N.
)

N ) ,
CJE ¢
-
B W -

Fig. 2. Modular children’s wooden storage cabinet design solutions

Establishment of Evaluation Standards for Modular Children’s Wooden
Storage Cabinets

Several key terms were obtained by retrieving information on various aspects, such
as children’s physiology, children’s psychological characteristics, modular product
characteristics, and economy indicators of furniture companies. The modular system,
furniture safety, modeling aesthetics, functional options, and economic value are the
research directions. Modular combination design can increase the diversity, flexibility, and
standardization of furniture products (Guo and Kang 2020). The convenience of product
installation directly determines whether a technician is required and the length of time the
individual user needs to install the furniture. Furniture products are not Fast-Moving Goods,
and their durability and comfort are also important purchase indicators for consumers
(Weiguo 2014; Phuah et al. 2022). Safety is not only reflected in materials and structure,
but also reasonable clearance and anti-toppling measures to prevent injuries in children
(Salvador 2015; Zhang and Li 2022). Aesthetic evaluation of children’s furniture often
involves adjectives, such as artistic, interesting, and creative, but these terms do not serve
as aesthetic indicators because they are influenced by the limitations of the rater. Therefore,
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a more scientific approach would set morphological curves and stylistic proportions as
evaluation indicators; however, they must be paired with a perceptual intentional
preference rating scale as a rating reference. Meanwhile, color, as a decisive factor for
visual evaluation, is also related to the material matching of wooden furniture, both of
which should be included in the aesthetic evaluation index (Tamthintha et al. 2018; Jiang
et al. 2020). Functional indicators are closely related to children’s furniture categories, and
additional functions of children’s furniture in addition to basic functions also merit
attention. Montessori education and sensory coordination are concerned with nurturing
children’s growth, facilitating parent-child interactions, and providing interactive guidance.
In addition, growability, inclusive storage, and expandability are common functional
requirements for parents when purchasing children’s furniture, and modularity is the main
way to achieve these three types of functions (Dai and Xu 2019). The most pertinent
economy indicators for companies are in manufacturing costs and market prospects, but
recycling is also an indicator that cannot be ignored (Weiguo 2014; Phuah et al. 2022).

The evaluation criteria of modular children’s wooden furniture are a comprehensive
set involving multiple levels and factors. A group of experts was invited to categorize the
collected information and to supplement and filter the evaluation index elements using the
Kawakita Jiro (KJ) method. To address the lack of a rigorous subjective scoring system for
modular children’s wooden furniture, 25 industry experts, designers, technicians, sales
personnel, and expert users were invited to form groups of five persons each. Among them,
expert users refer to parents with rich experience in purchasing and using children’s
furniture. The composition and basic information of the expert group are shown in Table
4,

Table 4. Composition of Expert Group

Expert groups Summary Numbers
Industry experts Experts in children's furniture 5
Designers modular children's furniture designers 5
- Experienced practitioners in children's
Technicians . . 5
furniture manufacturing
Sales personnel Children's furniture salesperson 5
Parents with experience in buying and
Expert users . ) , . 5
using children's furniture

The expert group extracted and classified the valid information of the collected
terms and then obtained a set of basic evaluation and usage guidelines for modular
children’s wooden furniture. The basic evaluation criteria for modular children’s wooden
furniture obtained by the KJ method consisted of five first-level criteria: 1) system
indicators, 2) safety indicators, 3) aesthetic indicators, 4) functionality indicators, and 5)
economy indicators, as shown in Fig. 3. System indicators include standard structure,
flexible combination, easy installation, comfort, and durability. Safety indicators include
environmental protection materials, warning signs, anti-injury gaps, and reliable
connections. Aesthetic indicators include form curve, modeling ratio, color design, and
material matching. Functionality indicators include basic attributes, growability,
interactive guidance, the Montessori puzzle, parent-child interaction, inclusive storage,
expandability, and sensory coordination. Economy indicators include manufacturing cost,
market prospect, and recycling.
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Fig. 3. Evaluation guidelines for modular children's wooden furniture

Through expert group discussion, four recommendations for applying the existing
basic evaluation guidelines for modular children’s wooden furniture are proposed:

1. This set of evaluation guidelines for modular children’s wooden furniture is a basic
template that should be customized to the specified furniture characteristics when scoring
in specific furniture categories.

2. The evaluation guidelines are applicable to the weight calculations in hierarchical
analysis and scoring design solutions.

3. When evaluating modular children’s wooden furniture design for different categories,
the sub-criteria layer of functionality indicators should be targeted and filtered using the
Kano model, and the indicators for basic attributes should be replaced accordingly.

4. Because each rater has a slightly different perception of the aesthetics of the furniture,
the perceptual intention should be rated first and then used as the basis evaluating the
aesthetic indicators.

Therefore, referring to the first guideline for using the basic evaluation indicators,
the evaluation criteria for modular children’s wooden storage cabinets must be developed
and the Kano model was used to analyze the attributes of the sub-criteria of the
functionality indicators in the basic evaluation indicators. The questionnaires were
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distributed to the target group of parents, and 103 valid questionnaires were collected and
analyzed using SPSS software to obtain the better-worse coefficients of eight functionality
indicator sub-criteria and their corresponding attributes, which are shown in Table 5. In
this process, three indifference attributes (interactive guidance, parent-child interaction,
and sensory coordination) were excluded, and the basic attributes of growability, the
Montessori puzzle, inclusive storage, and expandability, were used as the sub-criteria of
the functionality indicators for modular children’s wooden storage cabinets. In line with
the third guideline for the use of basic evaluation indicators, the basic attributes are tailored

to children’s storage.

Table 5. Kano Attributes of Sub-functionality Indicators

Functionality Indicators Batter Worse .
Subcriteria M O A I R|Q Coefficient | Coefficient Attribute
Basic attributes 51 | 34 | 13 5 0]0 0.46 -0.83 M
Growability 8 43 19 33 /] 010 0.60 -0.50 ®)
Interactive guidance 0 13 |34 |56 |00 0.46 -0.13 I
the Montessori puzzle 0 3 59 |41 |0 |0 0.60 -0.03 A
Parent-child interaction 0 5 22 |76 |0 | 0 0.26 -0.05 I
Inclusive storage 10 | 45 | 13 |35 |0 | O 0.56 -0.53 O
Expandability 2 7 53 | 41 |0 | O 0.58 -0.09 A
Sensory coordination 0 0 7 94 1210 0.07 0.00 I
Standard structure U1 —
~ System L I Flexible combination Uiz —
indit’aitors Easy installation Us F—
” — Comfort and durability U1a
:
% — Environmental protection materials Uz1
% ingiacf:t%lrs Warning signs Ua: |
s U — Anti-injury gaps Uas Scheme 1
g Reliable connections Uza —
§ _| Form curve Us:
» Aestheti i i —
- . inzisca?o'rz Modeling ratio Usz STl
_‘3; Us — Color design Uss —
§ Material matching Usa F—
v
'§ .| Basic attributes Ua1 —
=
E Functionality T Growability U, " Lischeme’s
£ —— indicators ——— Montessori puzzle U,,
% i Inclusive storage U,, .
'-l>J — Expandability U,
— Manufacturing costs U, —
Economy
—— indicators ——— Market prospect U,, —
e Recycling Uss —
Target layer Criterion layer Subcriteria layer Solution layer
Fig. 4. Evaluation guidelines for modular children’s wooden storage cabinets
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AHP Method to Determine the Weight of Each Indicator

Based on the Kano model, combined with the requirements of the hierarchical
structure model of the AHP method, the first level indicators of the criterion layer were
determined as system indicators (U1), safety indicators (Uz), aesthetic indicators (Us), and
functionality indicators (Ua). Figure 4 lists the evaluation guidelines (i.e., the hierarchical
structure model) for modular children’s wooden storage cabinets and the overall evaluation
system contains five first-level indicators and 20 second-level indicators. The group of
experts described in Table 1 used a nine-point scale to make collective decisions on the
importance and weight of each evaluation criterion of modular children’s wooden storage
cabinets. The hierarchical analysis method used to calculate the weights is illustrated in
Table 6.

Table 6. Rating Scale for Modular Children’s Wooden Storage Cabinets

Criterion Layer Subcriteria Layer Total Weight Ranking
Index Weight Index Weight CR Value
Ui 0.3620 0.0491 7
Uiz 0.1386 0.0188 12
Uz 0.1357 Uns 0.0572 0.0601 < 0.1 0.0078 18
U4 0.4423 0.0600 5
U2 0.5681 0.2917 1
U2z 0.0580 0.0298 10
U2 0.5135 Uns 01420 0.0154<0.1 00729 7
U24 0.2319 0.1191 3
Us1 0.2586 0.0178 13
Us2 0.5733 0.0394 8
Us 0.0687 Uss 01157 0.0349<0.1 0.0080 17
Usa 0.0524 0.0036 19
Ua 0.5288 0.1290 2
Us2 0.1298 0.0317 9
Ua 0.2440 Uas 0.0344 0.0349<0.1 0.0084 16
Uasg 0.2390 0.0583 6
Uss 0.0680 0.0166 14
Us1 0.2790 0.0106 15
Us 0.0381 Us2 0.6491 0.0624 < 0.1 0.0247 11
Uss 0.0719 0.0027 20

Calculating the Grey Weighted Correlation Degree for Each Scheme Using
the GRA Method

Before scoring the program, a perceptual imagery survey was conducted for the
aesthetic indicators, in line with the fourth guideline for using the basic evaluation
indicators. The seven-point Likert scale was used, and the perceptual imagery
questionnaire was distributed to a group of 25 people and another group of 25 general
consumers. After 50 valid questionnaires were collected, the mean value of the evaluation
results was calculated to obtain the perceptual imagery scores of the aesthetic indicators of
modular children’s wooden storage cabinets, which are shown in Fig. 5. Among them, the
Cronbach's alpha coefficient of questionnaire validity is 0.756 > 0.7, indicating that this
questionnaire was valid.
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Fig. 5. Aesthetic indicator scoring criteria for modular children’s wooden storage cabinets

To score the solutions using the GRA method, it is necessary to have the 25 judges
of the panel score each of the 20 evaluation indicators of the three solutions on a five-point
Likert scale. For scoring the aesthetic indicators, special attention was given to the imagery
vocabulary criteria shown in Fig. 5. Finally, the average of the scores by the panel of judges
was used as the final score of each solution to form the comparison matrix U. Given that
the optimal value of each index is five, the reference number was determined as {Uo} =
{5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5,5}, and the correlation coefficient was
determined to take p = 0.5 in the calculation. Meanwhile, because the score matrix of this
paper is already quantified by dimensionless quantization, there is no need to perform
dimensionless quantization again. The grey relational coefficients calculated by Eq. 8 are

shown in Table 7, and the grey relational grades calculated by Eq. 9 are shown in Table 8.

28 376 3 444 444 1

Uu=| 3 38 36 4 376 132 344 232 3.68 4.68
4.68 2 4 28 4 124 244 424 224 3.68

4 4

232 232 276 376 132
468 476 432 476 432 456 436 4.68 3.56
4 368 3

3 312 132 244 18 292

244 352 324 3 332 3.68

Table 7. Results of Grey Relational Coefficient for Each Design Scheme

Evaluation Indicators Scheme 1 Scheme 2 Scheme 3
Uu 0.533 0.560 0.966
Uz 0.691 0.700 0.448
Uiz 0.560 0.659 0.747
Uis 0.875 0.747 0.533
U21 0.875 0.691 0.747
U2 0.373 0.394 0.389
Uz 0.747 0.629 0.491
U24 0.747 0.479 0.812
Us1 0.747 0.675 0.471
Us2 0.479 0.966 0.675
Uss 0.479 0.747 0.747
Uz 0.528 0.966 0.747
Ua 0.691 1.000 0.675
Us2 0.394 0.836 0.560
Uass 0.560 1.000 0.491
Ugsg 0.577 0.836 0.644
Uss 0.394 0.918 0.596
U5 0.491 0.848 0.560
Us2 0.431 0.966 0.609
Us3 0.549 0.651 0.675
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Table 8. Results of Grey Relational Grades for Each Design Scheme

Scheme Grey Relational Grade Ranking
Scheme 1 0.586 3
Scheme 2 0.763 1
Scheme 3 0.629 2

Calculate the Grey Weighted Correlation Degree

Combining the comprehensive weights of the indicators in Table 6 and the results
of the grey relational coefficients calculation in Table 7, the grey-weighted correlations
degrees of the three modular children’s wooden storage cabinets were obtained by Eq. 10,
which are shown in Table 9. From the ranking shown in Table 9, it can be seen that the
order of the design solution preferences was S2 > S1 > S3. Therefore, through the
comprehensive design evaluation model of multi-modular furniture proposed in this study,
S2 was selected as the best solution.

Table 9. Results of Grey-weighted Correlations Degree for Each Design Scheme

Scheme Grey-weighted Correlations Ranking
Degree
Scheme 1 0.0354 2
Scheme 2 0.0364 1
Scheme 3 0.0339 3

RESULTS AND DISCUSSION

Through business analysis of consumer trends in children’s furniture and current
market conditions, this study found that modern parents’ consumption preferences in terms
of flexibility of use and adaptability to growth were the main factors in their decisions to
purchase children’s furniture. Modularity was one way to achieve the flexibility and
growability in children's furniture. Modular innovation should not only include functional
expansion and morphological changes but also consider the ergonomic needs of users. At
the same time, modular children’s wooden furniture is a dynamic series of products, and a
research framework that combines the AHP method index assignment process and the
GRA method correlation score can effectively avoid missing indicators and improve the
scientific rigor of the score. Ultimately, the evaluation and selection of multiple design
solutions was achieved, expanding the functional forms of children's furniture, and
optimizing sales strategies.

Industry experts, designers, technicians, sales personnel, and expert users on
children’s furniture could be invited to filter and summarize the descriptive words related
to children's furniture. Because the current generation of parents pays more attention to
children’s growth, the factors considered in the purchase of children’s furniture show a
trend of diversified segmentation. At the same time, the demand for functional expansion
and morphological innovation triggered by the pursuit of high costs performance has
become a hot spot for research. This showed that the system indicators, safety indicators,
aesthetic indicators, functionality indicators, and economy indicators of children's furniture
will directly affect parents’ consumption attitudes and purchase intentions. Among them,
the system indicators included standard structure, flexible combination, easy installation,
comfort, and durability. Safety indicators include environmental protection materials,
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warning signs, anti-injury gaps, and reliable connections. Aesthetic indicators include form
curve, modeling ratio, color design, and material matching. Functionality indicators
include basic attributes, growability, interactive guidance, the Montessori puzzle, parent-
child interaction, inclusive storage, expandability, and sensory coordination. Economic
indicators include manufacturing costs, market prospects, and recycling. In the evaluation
of modular design solutions for children's storage cabinets, the evaluation system contains
five primary indicators and 20 secondary indicators. Among the secondary indicators, the
one with the largest weight is environmental protection materials, which highlights the
importance of materials. Furthermore, it is worth noting that wood is the most popular
material in children's furniture. However, the proposed evaluation indicators and their
weight scores have only been assessed by a group of experts, which can be considered
highly subjective. In subsequent studies, artificial intelligence algorithms should be added
to expand the cross-cutting multidisciplinary indicators. Additionally, the sample size for
obtaining scores should be increased to improve the objectivity and scientific rigor of the
evaluation process of design solutions. Additionally, the design evaluation method
proposed in this study has not been practiced in the real market, and the reliability of the
method needs to be verified in a larger sample given the relatively small children’s
furniture market. In addition, with the increasing emphasis on environmental concerns,
recycling of products, environmental impact, resource utilization, and other sustainability
factors will be considered in the evaluation index in the future.

CONCLUSIONS

1. This paper proposed an innovative design evaluation model for modular children’s
wooden furniture based on the grey comprehensive evaluation method. First, a group
of experts constructed a design evaluation criterion template using the Kawakita Jiro
(KJ) method and screened functionality indicators in the evaluation criterion template
using the Kano model. Comprehensive evaluation criteria were established for a
targeted modular children’s wooden storage cabinet Set. Then, the analytic hierarchy
process (AHP) was used to assign weights to each evaluation index and grey relational
analysis (GRA) to evaluate each design solution and calculate the correlation order.
Finally, by calculating the grey weighted correlation degree, the optimal scheme was
selected. This solution provided a reference for companies in the product iteration stage
of manufacturing furniture for children.

2. For evaluating the design of modular storage cabinets for children, three non-
differential attributes (interactive guidance, parent-child interaction, and sensory
coordination) were excluded from the set of eight functionality indicators. Among the
five primary criteria of the modular design evaluation guidelines, the largest weight
was safety indicators with a weight of 0.5135, followed by functionality indicators with
a weight of 0.2440. System indicators, aesthetic indicators, and economy indicators had
lower weight values of 0.1357, 0.0687, and 0.0381, respectively.

3. The modular design evaluation criteria for children's modular storage cabinets had 20
sub-criteria. Among them, the top three items with the larger weight were
environmental protection materials, basic attributes, and reliable connections, whose
weighted values were 0.2917, 0.1290, and 0.1191, respectively. The last three items
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with the lower weight were the Montessori puzzle, color design, and easy installation,
with weights of 0.0084, 0.0080, and 0.0078, respectively.

4. In the design evaluation case for the children’s modular storage cabinet, the grey
weighted correlation of S1 was 0.0354, the grey weighted correlation of S2 was 0. 0364,
and the grey weighted correlation of S3 was 0.0339. Therefore, S2, which had the
highest grey weighted correlation, was successfully screened as the optimal option. The
feasibility of the innovative design evaluation model proposed in this study was
confirmed by the case of children's storage cabinets.
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