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Development and validation 
of a higher‑order thinking skills 
(HOTS) scale for major students 
in the interior design discipline 
for blended learning
Dandan Li 1, Xiaolei Fan 2 & Lingchao Meng 3*

Assessing and cultivating students’ HOTS are crucial for interior design education in a blended 
learning environment. However, current research has focused primarily on the impact of blended 
learning instructional strategies, learning tasks, and activities on the development of HOTS, whereas 
few studies have specifically addressed the assessment of these skills through dedicated scales in 
the context of blended learning. This study aimed to develop a comprehensive scale for assessing 
HOTS in interior design major students within the context of blended learning. Employing a mixed 
methods design, the research involved in‑depth interviews with 10 education stakeholders to gather 
qualitative data, which informed the development of a 66‑item soft skills assessment scale. The scale 
was administered to a purposive sample of 359 undergraduate students enrolled in an interior design 
program at a university in China. Exploratory and confirmatory factor analyses were also conducted 
to evaluate the underlying factor structure of the scale. The findings revealed a robust four‑factor 
model encompassing critical thinking skills, problem‑solving skills, teamwork skills, and practical 
innovation skills. The scale demonstrated high internal consistency (Cronbach’s alpha = 0.948–0.966) 
and satisfactory convergent and discriminant validity. This scale provides a valuable instrument 
for assessing and cultivating HOTS among interior design major students in blended learning 
environments. Future research can utilize a scale to examine the factors influencing the development 
of these skills and inform instructional practices in the field.
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In the contemporary landscape of the twenty-first century, students face numerous challenges that necessitate 
the development of competitive skills, with a particular emphasis on the cultivation of  HOTS1–3, this has become 
a crucial objective in educational reform. Notably, it is worth noting that the National Education Association 
(NEA, 2012) has clearly identified critical thinking and problem-solving, communication, collaboration, crea-
tivity, and innovation as key competencies that students must possess in the current era, which are considered 
important components of twenty-first century  skills4–7. As learners in the fields of creativity and design, students 
in the interior design profession also need to possess HOTS to address complex design problems and the evolv-
ing demands of the  industry8,9.

Currently, blended learning has become an important instructional model in interior design  education10,11. 
It serves as a teaching approach that combines traditional face-to-face instruction with online learning, pro-
viding students with a more flexible and personalized learning  experience12,13. Indeed, several scholars have 
recognized the benefits of blended learning in providing students with diverse learning resources, activities, 
and opportunities for interaction, thereby fostering  HOTS14–17. For example, blended learning, as evidenced by 
studies conducted by Anthony et al.10 and  Castro11, has demonstrated its efficacy in enhancing students’ HOTS. 
The integration of online resources, virtual practices, and online discussions in blended learning fosters active 
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student engagement and improves critical thinking, problem solving, and creative thinking skills. Therefore, 
teachers need to determine appropriate assessment methods and construct corresponding assessment tasks to 
assess students’ expected learning outcomes. This decision requires teachers to have a clear understanding of 
students’ learning progress and the development of various skills, whereas students have knowledge of only their 
scores and lack awareness of their individual skill  development18,19.

Nevertheless, the precise assessment of students’ HOTS in the blended learning milieu poses a formidable 
challenge. The dearth of empirically validated assessment tools impedes researchers from effectively discerning 
students’ levels of cognitive aptitude and developmental growth within the blended learning  realm20–22. In addi-
tion, from the perspective of actual research topics, current studies on blended learning focus mainly on the 
"concept, characteristics, mechanisms, models, and supporting technologies of blended  learning23. " Research on 
"measuring students’ HOTS in blended learning" is relatively limited, with most of the focus being on elementary, 
middle, and high school  students24,25. Few studies have specifically examined HOTS measurement in the context 
of university  students26,27, particularly in practical disciplines such as interior design. For example, Bervell et al.28 
suggested that the lack of high-quality assessment scales inevitably impacts the quality of research. Additionally, 
 Schmitt29 proposed the “Three Cs” principle for measurement, which includes clarity, coherence, and consistency. 
He highlighted that high-quality assessment scales should possess clear and specific measurement objectives, 
logically coherent items, and consistent measurement results to ensure the reliability and validity of the data. 
This reflects the importance of ensuring the alignment of the measurement goals of assessment scales with the 
research questions and the content of the discipline in the design of assessments.

The development of an assessment scale within the blended learning environment is expected to address the 
existing gap in measuring and assessing HOTS scores in interior design education. This scale not only facilitates 
the assessment of students’ HOTS but also serves as a guide for curriculum design, instructional interventions, 
and student support initiatives. Ultimately, the integration of this assessment scale within the blended learning 
environment has the potential to optimize the development of HOTS among interior design students, empower-
ing them to become adept critical thinkers, creative problem solvers, and competent professionals in the field.

Therefore, this study follows a scientific scale development procedure to develop an assessment scale specifi-
cally designed to measure the HOTS of interior design students in blended learning environments. This endeavor 
aims to provide educators with a reliable instrument for assessing students’ progress in cultivating and applying 
HOTS, thus enabling the implementation of more effective teaching strategies and enhancing the overall quality 
of interior design education. The research questions are as follows:

1. What key dimensions should be considered when developing a HOTS assessment scale to accurately capture 
students’ HOTS in an interior design major blended learning environment?

2. How can an advanced thinking skills assessment scale for blended learning in interior design be developed?
3. How can the reliability and validity of the HOTS assessment scale be verified and ensured, and is it reliable 

and effective in the interior design of major blended learning environments?

Results
Key dimensions of HOTS assessment scale in an interior design major blended learning 
environment
The research results indicate that in the blended learning environment of interior design, this study identified 16 
initial codes representing key dimensions for enhancing students’ HOTS. These codes were further categorized 
into 8 main categories and 4 overarching themes: critical thinking, problem-solving, teamwork skills and practical 
innovation skills. They provide valuable insights for data comprehension and analysis, serving as a comprehensive 
framework for the HOTS scale. Analyzing category frequency and assessing its significance and universality in a 
qualitative dataset hold significant analytical  value30,31. High-frequency terms indicate the central position of spe-
cific categories in participants’ narratives, texts, and other data  forms32. Through interviews with interior design 
experts and teachers, all core categories were mentioned more than 20 times, providing compelling evidence of 
their universality and importance within the field of interior design’s HOTS dimensions. As shown in Table 1.

Themes 1: critical thinking skills
Critical thinking skills constitute a key core category in blended learning environments for interior design and are 
crucial for cultivating students’ HOTS. This discovery emphasizes the importance of critical thinking in interior 
design learning. This mainly includes the categories of logical reasoning and judgment, doubt and reflection, 
with a frequency of more than 8, highlighting the importance of critical thinking skills. Therefore, a detailed 
discussion of each feature is warranted. As shown in Table 2.

Category 1: logical reasoning and judgment
The research results indicate that in a blended learning environment for interior design, logical reasoning and 
judgment play a key role in cultivating critical thinking skills. Logical reasoning refers to inferring reasonable 
conclusions from information through analysis and  evaluation33. Judgment is based on logic and evidence for 
decision-making and evaluation. The importance of these concepts lies in their impact on the development and 
enhancement of students’ HOTS. According to the research results, interior design experts and teachers unani-
mously believe that logical reasoning and judgment are very important. For example, as noted by Interviewee 
1, “For students, logical reasoning skills are still very important. Especially in indoor space planning, students 
use logical reasoning to determine whether the layout of different functional areas is reasonable”. Similarly, 
Interviewee 2 also stated that “logical reasoning can help students conduct rational analysis of various design 
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element combinations during the conceptual design stage, such as color matching, material selection, and light-
ing application”.

As emphasized by interviewees 1 and 2, logical reasoning and judgment are among the core competencies of 
interior designers in practical applications. These abilities enable designers to analyze and evaluate design prob-
lems and derive reasonable solutions from them. In the interior design industry, being able to conduct accurate 
logical reasoning and judgment is one of the key factors for success. Therefore, through targeted training and 
practice, students can enhance their logical thinking and judgment, thereby better addressing design challenges 
and providing innovative solutions.

Category 2: skepticism and reflection
Skepticism and reflection play crucial roles in cultivating students’ critical thinking skills in a blended learning 
environment for interior design. Doubt can prompt students to question and explore information and view-
points, whereas reflection helps students think deeply and evaluate their own thinking  process34. These abili-
ties are crucial for cultivating students’ higher-order thinking skills. According to the research findings, most 
interior design experts and teachers agree that skepticism and reflection are crucial. For example, as noted by 
interviewees 3, “Sometimes, when facing learning tasks, students will think about how to better meet the needs 
of users”. Meanwhile, Interviewee 4 also agreed with this viewpoint. As emphasized by interviewees 3 and 4, 
skepticism and reflection are among the core competencies of interior designers in practical applications. These 
abilities enable designers to question existing perspectives and practices and propose innovative design solu-
tions through in-depth thinking and evaluation. Therefore, in the interior design industry, designers with the 
ability to doubt and reflect are better able to respond to complex design needs and provide clients with unique 
and valuable design solutions.

Themes 2: problem‑solving skills
The research findings indicate that problem-solving skills constitute a key core category in blended learning 
environments for interior design and are crucial for cultivating students’ HOTS. This discovery emphasizes the 
importance of problem-solving skills in interior design learning. Specifically, categories such as identifying and 
defining problems, as well as developing and implementing plans, have been studied more than 8 times, high-
lighting the importance of problem-solving skills. Therefore, it is necessary to discuss each function in detail to 
better understand and cultivate students’ problem-solving skills. As shown in Table 3.

Category 1: identifying and defining issues
The research findings indicate that in a blended learning environment for interior design, identifying and defin-
ing problems play a crucial role in fostering students’ problem-solving skills. Identifying and defining problems 

Table 1.  The main dimensions of HOTS in interior design.

Codes Categories Themes

Spatial planning
Logical reasoning and judgment

Critical thinking skills
Application of aesthetic elements

Design concept and direction
Doubt and reflection

Design process and results

Functional requirement issues
Identify and define issues

Problem-solving skills
The issue of spatial quality

Design strategy formulation
Develop and implement a plan

Specific implementation plan

Information transmission and feedback
Communication and coordination

Teamwork skills
Resolution of contradictions and reaching consensus

Task allocation
Division of labor and collaboration

Resource integration and sharing

Design inspiration
Creative conception and design expression

Practical innovation skills
Visual presentation and communication

Exploration and application of new materials
Innovative application of materials and technology

Integration and practice of innovative technological means

Table 2.  Categories for the main dimension of critical thinking skills.

Categories Frequency of occurrences

Logical reasoning and judgment 10/10

Doubt and reflection 9/10
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require students to possess the ability to analyze and evaluate problems, enabling them to accurately determine 
the essence of the problems and develop effective strategies and approaches to solve  them35. Interior design 
experts and teachers widely recognize the importance of identifying and defining problems as core competencies 
in interior design practice. For example, Interviewee 5 emphasized the importance of identifying and defining 
problems, stating, "In interior design, identifying and defining problems is the first step in addressing design 
challenges. Students need to be able to clearly identify the scope, constraints, and objectives of the problems to 
engage in targeted thinking and decision-making in the subsequent design process." Interviewee 6 also supported 
this viewpoint. As stressed by Interviewees 5 and 6, identifying and defining problems not only require students to 
possess critical thinking abilities but also necessitate broad professional knowledge and understanding. Students 
need to comprehend principles of interior design, spatial planning, human behavior, and other relevant aspects 
to accurately identify and define problems associated with design tasks.

Category 2: developing and implementing a plan
The research results indicate that in a blended learning environment for interior design, developing and imple-
menting plans plays a crucial role in cultivating students’ problem-solving abilities. The development and imple-
mentation of a plan refers to students identifying and defining problems, devising specific solutions, and translat-
ing them into concrete implementation plans. Specifically, after determining the design strategy, students refine 
it into specific implementation steps and timelines, including drawing design drawings, organizing PPT reports, 
and presenting design proposals. For example, Interviewee 6 noted, “Students usually break down design strate-
gies into specific tasks and steps by refining them.” Other interviewees also unanimously support this viewpoint. 
As emphasized by respondent 6, developing and implementing plans can help students maintain organizational, 
systematic, and goal-oriented problem-solving skills, thereby enhancing their problem-solving skills.

Themes 3: teamwork skills
The research results indicate that teamwork skills constitute a key core category in blended learning environments 
for interior design and are crucial for cultivating students’ HOTS. This discovery emphasizes the importance of 
teamwork skills in interior design learning. This mainly includes communication and coordination and division 
of labor and collaboration, which are mentioned frequently in the interview documents. Therefore, it is neces-
sary to discuss each function in detail to better understand and cultivate students’ teamwork skills. As shown 
in Table 4.

Category 1: communication and coordination
The research results indicate that communication and collaboration play crucial roles in cultivating students’ 
teamwork abilities in a blended learning environment for interior design. Communication and collaboration 
refer to the ability of students to effectively share information, understand each other’s perspectives, and work 
together to solve  problems36. Specifically, team members need to understand each other’s resource advantages 
integrate and share these resources to improve work efficiency and project quality. For example, Interviewee 
7 noted, “In interior design, one member may be skilled in spatial planning, while another member may be 
skilled in color matching. Through communication and collaboration, team members can collectively utilize 
this expertise to improve work efficiency and project quality.” Other interviewees also unanimously believe that 
this viewpoint can promote students’ teamwork skills, thereby promoting the development of their HOTS. As 
emphasized by the viewpoints of these interviewees, communication and collaboration enable team members 
to collectively solve problems and overcome challenges. Through effective communication, team members can 
exchange opinions and suggestions with each other, provide different solutions, and make joint decisions. Col-
laboration and cooperation among team members contribute to brainstorming and finding the best solution.

Category 2: division of labor and collaboration
The research results indicate that in the blended learning environment of interior design, the division of labor 
and collaboration play crucial roles in cultivating students’ teamwork ability. The division of labor and collabora-
tion refer to the ability of team members to assign different tasks and roles in a project based on their respective 

Table 3.  Categories for the main dimension of problem-solving skills.

Categories Frequency of occurrences

Identify and define issues 10/10

Develop and implement a plan 10/10

Table 4.  Categories for the main dimension of teamwork skills.

Categories Frequency of occurrences

Communication and coordination 10/10

Division of labor and collaboration 10/10
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expertise and responsibilities and work together to complete the  project37. For example, Interviewee 8 noted, “In 
an internal design project, some students are responsible for space planning, some students are responsible for 
color matching, and some students are responsible for rendering production.” Other interviewees also support 
this viewpoint. As emphasized by interviewee 8, the division of labor and collaboration help team members fully 
utilize their respective expertise and abilities, promote resource integration and complementarity, cultivate a 
spirit of teamwork, and enable team members to collaborate, support, and trust each other to achieve project 
goals together.

Themes 4: practical innovation skills
The research results indicate that practical innovation skills constitute a key core category in blended learning 
environments for interior design and are crucial for cultivating students’ HOTS. This discovery emphasizes the 
importance of practical innovation skills in interior design learning. This mainly includes creative conception 
and design expression, as well as innovative application of materials and technology, which are often mentioned 
in interview documents. Therefore, it is necessary to discuss each function in detail to better understand and 
cultivate students’ practical innovation skills. As shown in Table 5.

Category 1: creative conception and design expression
The research results indicate that in the blended learning environment of interior design, creative ideation and 
design expression play crucial roles in cultivating students’ practical and innovative skills. Creative ideation and 
design expression refer to the ability of students to break free from traditional thinking frameworks and try dif-
ferent design ideas and methods through creative ideation, which helps stimulate their creativity and cultivate 
their ability to think independently and solve problems. For example, interviewee 10 noted that "blended learning 
environments combine online and offline teaching modes, allowing students to acquire knowledge and skills 
more flexibly. Through learning and practice, students can master various expression tools and techniques, such 
as hand-drawn sketches, computer-aided design software, model making, etc., thereby more accurately convey-
ing their design concepts." Other interviewees also expressed the importance of this viewpoint, emphasizing the 
importance of creative ideas and design expression in blended learning environments that cannot be ignored. 
As emphasized by interviewee 10, creative ideation and design expression in the blended learning environment 
of interior design can not only enhance students’ creative thinking skills and problem-solving abilities but also 
strengthen their application skills in practical projects through diverse expression tools and techniques. The 
cultivation of these skills is crucial for students’ success in their future careers.

Category 2: innovative application of materials and technology
Research findings indicate that the innovative application of materials and technology plays a crucial role in 
developing students’ practical and creative skills within a blended learning environment for interior design. The 
innovative application of materials and technology refers to students’ exploration and utilization of new materi-
als and advanced technologies, enabling them to overcome the limitations of traditional design thinking and 
experiments with diverse design methods and approaches. This process not only stimulates their creativity but 
also significantly enhances their problem-solving skills. Specifically, the innovative application of materials and 
technology involves students gaining a deep understanding of the properties of new materials and their applica-
tion methods in design, as well as becoming proficient in various advanced technological tools and equipment, 
such as 3D printing, virtual reality (VR), and augmented reality (AR). These skills enable students to more 
accurately realize their design concepts and effectively apply them in real-world projects.

For example, Interviewee 1 stated, "The blended learning environment combines online and offline teaching 
modes, allowing students to flexibly acquire the latest knowledge on materials and technology and apply these 
innovations in real projects." Other interviewees also emphasized the importance of this view. Therefore, the 
importance of the innovative application of materials and technology in a blended learning environment cannot 
be underestimated. As emphasized by interviewee 1, the innovative application of materials and technologies is 
crucial in the blended learning environment of interior design. This process not only enables students to flexibly 
acquire the latest materials and technical knowledge but also enables them to apply these innovations to practice 
in practical projects, thereby improving their practical abilities and professional ethics.

In summary, through research question 1 research, the dimensions of the HOTS assessment scale in blended 
learning for interior design include four main aspects: critical thinking skills, problem-solving skills, teamwork 
skills, and practical innovation skills. Based on the assessment scales developed by previous scholars in various 
dimensions, the researcher developed a HOTS assessment scale suitable for blended learning environments in 
interior design and collected feedback from interior design experts through interviews.

Table 5.  Categories for the main dimension of practical innovation skills.

Categories Frequency of occurrences

Creative conception and design expression 10/10

Innovative application of materials and technology 10/10
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Development of the HOTS assessment scale
The above research results indicate that the dimensions of the HOTS scale mainly include critical thinking, 
problem-solving, teamwork skills and practical innovation skills. The dimensions of a scale represent the abstract 
characteristics and structure of the concept being measured. Since these dimensions are often abstract and dif-
ficult to measure directly, they need to be converted into several concrete indicators that can be directly observed 
or self-reported38. These concrete indicators, known as dimension items, operationalize the abstract dimen-
sions, allowing for the measurement and evaluation of various aspects of the concept. This process transforms 
the abstract dimensions into specific, measurable components. The following content is based on the results of 
research question 1 to develop an advanced thinking skills assessment scale for mixed learning in interior design.

Dimension 1: critical thinking skills
The research results indicate that critical thinking skills constitute a key core category in blended learning 
environments for interior design and are crucial for cultivating students’ HOTS. Critical thinking skills refer to 
the ability to analyze information objectively and make a reasoned  judgment39. Scholars tend to emphasize this 
concept as a method of general skepticism, rational thinking, and self-reflection7,40. For example,  Goodsett26 
suggested that it should be based on rational skepticism and careful thought about external matters as well as 
open self-reflection about internal thoughts and actions. Moreover, the California Critical Thinking Disposition 
Inventory (CCTDI) is widely used to measure critical thinking skills, including dimensions such as seeking truth, 
confidence, questioning and courage to seek truth, curiosity and openness, as well as analytical and systematic 
 methods41. In addition, maturity means continuous adjustment and improvement of a person’s cognitive sys-
tem and learning activities through continuous awareness, reflection, and self-awareness42. Moreover,  Nguyen43 
confirmed that critical thinking and cognitive maturity can be achieved through these activities, emphasizing 
that critical thinking includes cognitive skills such as analysis, synthesis, and evaluation, as well as emotional 
tendencies such as curiosity and openness.

In addition, in a blended learning environment for interior design, critical thinking skills help students better 
understand, evaluate, and apply design knowledge and skills, cultivating independent thinking and innovation 
 abilities44. If students lack these skills, they may accept superficial information and solutions without sufficient 
thinking and evaluation, resulting in the overlooking of important details or the selection of inappropriate solu-
tions in the design process. Therefore, for the measurement of critical thinking skills, the focus should be on 
cognitive skills such as analysis, synthesis, and evaluation, as well as curiosity and open mindedness. The specific 
items for critical thinking skills are shown in Table 6.

Dimension 2: problem‑solving skills
Problem-solving skills constitute a key core category in blended learning environments for interior design and are 
crucial for cultivating students’ HOTS. Problem-solving skills involve the ability to analyze and solve problems 
by understanding them, identifying their root causes, and developing appropriate  solutions45. According to the 
5E-based STEM education approach, problem-solving skills encompass the following abilities: problem identi-
fication and definition, formulation of problem-solving strategies, problem representation, resource allocation, 
and monitoring and evaluation of solution  effectiveness7,46. Moreover, D’zurilla and  Nezu47 and  Tan48 indicated 
that attitudes, beliefs, and knowledge skills during problem solving, as well as the quality of proposed solutions 
and observable outcomes, are demonstrated. In addition, D’Zurilla and Nezu devised the Social Problem-Solving 
Inventory (SPSI), which comprises seven subscales: cognitive response, emotional response, behavioral response, 
problem identification, generation of alternative solutions, decision-making, and solution implementation. Based 
on these research results, the problem-solving skills dimension questions designed in this study are shown in 
Table 7.

Dimension 3: teamwork skills
The research results indicate that teamwork skills constitute a key core category in blended learning environments 
for interior design and are crucial for cultivating students’ HOTS. Teamwork skills refer to the ability to effectively 
collaborate, coordinate, and communicate with others in a team  environment49. For example, the Teamwork Skills 
Assessment Tool (TWKSAT) developed by Stevens and  Campion50 identifies five core dimensions of teamwork: 
conflict management; collaborative problem-solving; communication; goal setting; performance management; 
decision-making; and task coordination. The design of this tool highlights the essential skills in teamwork and 
provides a structured approach for evaluating these skills. In addition, he indicated that successful teams need to 
have a range of skills for problem solving, including situational control, conflict management, decision-making 
and coordination, monitoring and feedback, and an open mindset. These skills help team members effectively 
address complex challenges and demonstrate the team’s collaboration and flexibility. Therefore, the assessment 
of learners’ teamwork skills needs to cover the above aspects. As shown in Table 8.

Dimension 4: practice innovative skills
The research results indicate that practical innovation skills constitute a key core category in blended learning 
environments for interior design, which is crucial for cultivating students’ HOTS. The practice of innovative 
skills encompasses the utilization of creative cognitive processes and problem-solving strategies to facilitate 
the generation of original ideas, solutions, and  approaches51. This practice places significant emphasis on two 
critical aspects: creative conception and design expression, as well as the innovative application of materials 
and technology. Tang et al.52 indicated that creative conception and design expression involve the generation 
and articulation of imaginative and inventive ideas within a given context. With the introduction of concepts 
such as 21st-century learning skills, the "5C" competency framework, and core student competencies, blended 
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learning has emerged as the goal and direction of educational reform. It aims to promote the development of 
students’ HOTS, equipping them with the essential qualities and key abilities needed for lifelong development 
and societal advancement. Blended learning not only emphasizes the mastery of core learning content but also 
requires students to develop critical thinking, complex problem-solving, creative thinking, and practical innova-
tion skills. To adapt to the changes and developments in the blended learning environment, this study designed 
13 preliminary test items based on 21st-century learning skills, the "5C" competency framework, core student 
competencies, and the TTCT assessment scale developed by  Torrance53. These items aim to assess students’ 
practice of innovative skills within a blended learning environment, as shown in Table 9.

The researchers’ results indicate that the consensus among the interviewed expert participants is that the 
structural integrity of the scale is satisfactory and does not require modification. However, certain measurement 
items have been identified as problematic and require revision. The primary recommendations are as follows: 
Within the domain of problem-solving skills, the item "I usually conduct classroom and online learning with 
questions and clear goals" was deemed biased because of its emphasis on the "online" environment. Consequently, 
the evaluation panel advised splitting this item into two separate components: (1) "I am adept at frequently adjust-
ing and reversing a negative team atmosphere" and (2) "I consistently engage in praising and encouraging oth-
ers, fostering harmonious relationships. “The assessment process requires revisions and adjustments to specific 

Table 6.  Items in the dimension of critical thinking skills.

No Specific items Reference source

A1 I can effectively integrate online learning resources with face-to-face classroom 
content for design projects

California Critical Thinking Disposition Inventory (CCTDI) (Sulaiman et al.41, Zhou 
et al.7)

A2 I can raise critical questions about online learning content during face-to-face discus-
sions

A3 I can critically analyze and evaluate design-related cases and materials on online 
learning platforms

A4 I can synthesize information from both online and in-person learning sources to 
analyze design problems

A5 I can apply feedback received from online discussions to face-to-face design work 
effectively

A6 I can identify and challenge assumptions and biases in design within a blended learn-
ing environment

A7 I can critically evaluate design theories from online learning and engage in in-depth 
discussion during face-to-face classes

A8 I can propose improvements to design solutions based on data and cases collected 
from online learning resources

A9 I can appropriately adjust strategies from online and in-person learning to address 
design issues

A10 I can effectively apply critical analysis skills gained from online learning to practical 
design tasks during face-to-face workshops

A11 I can identify biases in information from online learning resources and suggest cor-
rections during classroom discussions

A12 I can integrate different perspectives from online and in-person learning to critically 
analyze and synthesize design solutions

A13 I can systematically evaluate the strengths and weaknesses of design solutions by 
combining online and in-person learning

A14 I can use feedback from online learning to optimize design solutions and discussions 
conducted in person

A15 I can critically analyze the suitability of online learning content in relation to actual 
design needs

A16 I can propose evidence-based improvements to design solutions based on theories 
from online learning resources and actual design needs

A17 I can apply critical thinking skills acquired from online learning to face-to-face design 
discussions

A18 I can assess and suggest improvements for the effectiveness of online and in-person 
learning in a blended learning environment

A19 I can identify potential design issues through critical analysis of online course materi-
als

A20 I can combine innovative ideas from online learning with practical design practices in 
face-to-face settings to propose new solutions

A21 I can evaluate and provide feedback on the contribution of online learning resources 
to actual design projects

A22 I can critically assess design theories and methods proposed in online learning during 
in-person classes

A23 I can effectively address and resolve complex design issues within a blended learning 
environment

A24 I can apply results from critical analysis during online learning to design decisions in 
practical projects
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projects, forming a pilot test scale consisting of 66 observable results from the original 65 items. In addition, there 
were other suggestions about linguistic formulation and phraseology, which are not expounded upon herein.

Verify the effectiveness of the HOTS assessment scale
The research results indicate that there are significant differences in the average scores of the four dimensions of 
the HOTS, including critical thinking skills (A1–A24 items), problem-solving skills (B1–B13 items), teamwork 
skills (C1–C16 items), and practical innovation skills (D1–D13 items). Moreover, this also suggests that each 
item has discriminative power. Specifically, this will be explained through the following aspects.

Table 7.  Items in the dimension of problem-solving skills.

No Specific items Reference source

B1 I can effectively combine online design theories with hands-on projects in face-to-face settings to solve 
design problems

Social Problem-Solving Inventory (SPSI) (D’zurilla and  Nezu47)

B2 I usually conduct classroom and online learning with questions and clear goals

B3 I can use feedback obtained from online learning to optimize design solutions

B4 I can propose innovative solutions by integrating resources from both online and in-person learning dur-
ing the design process

B5 I can effectively coordinate and integrate problem-solving strategies from online courses and face-to-face 
discussions in a blended learning environment

B6 I can develop specific problem-solving plans for design projects based on theoretical knowledge gained 
from online learning

B7 In face-to-face discussions, I can raise issues related to online learning content and explore their solutions

B8 I can identify problems from data and case studies obtained on online learning platforms and propose 
solutions in practical design tasks

B9 I can apply technologies and tools from online learning to address design challenges in actual design tasks

B10 I can effectively utilize different resources from online and in-person learning to solve design problems

B11 I can apply problem-solving methods from online learning to tackle real-world design challenges in face-
to-face settings

B12 I can improve design projects by integrating feedback from both online and in-person learning experiences

Table 8.  Items in the dimension of teamwork skills.

No Specific items Reference source

C1 I can effectively allocate design tasks and support my team members to complete the 
work

Teamwork Skills Assessment Tool (TWKSAT) (Lower et al.50, Rodríguez-Sabiote et al. 
2022; Zhou et al.7)

C2 I take responsibility for my assigned tasks and complete them on time

C3 I can effectively integrate diverse perspectives and suggestions from online learning 
into face-to-face team discussions

C4 I help effectively coordinate online and offline resources, time, and tasks to ensure the 
smooth progress of the project

C5 I can effectively resolve conflicts and differences that arise during the project

C6 I ensure that communication channels within our team are open, and I share infor-
mation and progress promptly

C7 I listen to others’ opinions and provide constructive feedback during discussions

C8 When encountering design problems, I help the team brainstorm and propose solu-
tions together

C9 I exhibit a high sense of responsibility and commitment during the design process

C10 I help effectively manage task priorities to ensure that important tasks are completed 
on time

C11 I proactively assist my team members when needed, demonstrating a strong sense of 
teamwork

C12 I consider all opinions and work toward reaching a consensus when making design 
decisions

C13 I adapt flexibly to changes and uncertainties during the project

C14 I clearly articulate my design ideas and viewpoints

C15 I fully consider the overall goals and requirements of the project when completing 
tasks

C16 I participate in conducting effective reviews and reflections at the end of the project to 
improve in the future
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Project analysis based on the CR value
The critical ratio (CR) method, which uses the CR value (decision value) to remove measurement items with 
poor discrimination, is the most used method in project analysis. The specific process involves the use of the CR 
value (critical value) to identify and remove such items. First, the modified pilot test scale data are aggregated 
and sorted. Individuals representing the top and bottom 27% of the distribution were subsequently selected, 
constituting 66 respondents in each group. The high-score group comprises individuals with a total score of 127 
or above (including 127), whereas the low-score group comprises individuals with a total score of 99 or below 
(including 99). Finally, an independent sample t test was conducted to determine the significant differences in 
the mean scores for each item between the high-score and low-score groups. The statistical results are presented 
in Table 10.

The above table shows that independent sample t tests were conducted for all the items; their t values were 
greater than 3, and their p values were less than 0.001, indicating that the difference between the highest and 
lowest 27% of the samples was significant and that each item had discriminative power.

In summary, based on previous research and relevant theories, the HOTS scale for interior design was revised. 
This revision process involved interviews with interior design experts, teachers, and students, followed by item 

Table 9.  Items in the dimension of practice innovative skills.

No Specific items Reference source

D1 I can propose unique and creative ideas during the design process

21st Century Skills Framework (Chu et al.59)
TTCT assessment scale  Torrance53)

D2 I can apply different design methods and techniques in my projects

D3 I am willing to try new design tools and software to enhance my design skills

D4 I can integrate multidisciplinary knowledge and skills to achieve design innovation

D5 I can effectively solve complex problems encountered during the design process

D6 I dare to challenge traditional design concepts and methods

D7 I can draw inspiration from various design cases and apply it to my own work

D8 I can effectively translate clients’ needs into innovative design solutions

D9 I can quickly adapt to changes and adjust my design strategies accordingly

D10 I can effectively evaluate and provide feedback on my innovative design ideas

D11 I can propose innovative design suggestions during teamwork and actively drive project progress

D12 I can apply critical thinking to evaluate different design options

D13 I continuously improve my design innovation skills through blended learning and practice

Table 10.  Independent-samples T test.

Item T Item T Item T

A1 12.869 A23 12.759 C8 11.252

A2 13.926 A24 11.871 C9 11.512

A3 14.914 B1 9.539 C10 10.930

A4 14.004 B2 9.286 C11 10.114

A5 13.649 B3 11.759 C12 12.124

A6 12.664 B4 9.220 C13 12.318

A7 12.034 B5 11.952 C14 11.434

A8 13.508 B6 11.464 C15 11.566

A9 12.972 B7 10.022 C16 10.779

A10 13.244 B8 11.705 D1 11.675

A11 11.664 B9 10.255 D2 11.210

A12 10.873 B10 9.919 D3 12.345

A13 12.977 B11 10.486 D4 11.532

A14 11.655 B12 11.680 D5 10.954

A15 12.409 B13 10.578 D6 11.321

A16 12.373 C1 10.275 D7 11.261

A17 10.479 C2 11.371 D8 10.692

A18 13.516 C3 11.349 D9 13.114

A19 10.968 C4 13.938 D10 12.289

A20 13.065 C5 11.205 D11 13.549

A21 13.836 C6 11.711 D12 11.396

A22 12.594 C7 11.696 D13 10.449
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examination and homogeneity testing via the critical ratio (CR) method. The results revealed significant correla-
tions (p < 0.01) between all the items and the total score, with correlation coefficients (R) above 0.4. Therefore, 
the scale exhibits good accuracy and internal consistency in capturing measured HOTS. These findings provide 
a reliable foundation for further research and practical applications.

Pilot study exploratory factor analysis
This study used SPSS (version 28) to conduct the KMO and Bartlett tests on the scale. The total HOTS test scale 
as well as the KMO and Bartlett sphericities were first calculated for the four subscales to ensure that the sample 
data were suitable for factor  analysis7. The overall KMO value is 0.946, indicating that the data are highly suitable 
for factor analysis. Additionally, Bartlett’s test of sphericity was significant, further supporting the appropriateness 
of conducting factor analysis (p < 0.05). All the values are above 0.7, indicating that the data for these subscales 
are also suitable for factor analysis. According to Javadi et al.54, these results suggest the presence of shared fac-
tors among the items within the subscales, as shown in Table 11.

For each subscale, exploratory factor analysis was conducted to extract factors with eigenvalues greater than 1 
while eliminating items with communalities less than 0.30, loadings less than 0.50, and items that cross multiple 
(more than one) common  factors55,56. Additionally, items that were inconsistent with the assumed structure of 
the measure were identified and eliminated to ensure the best structural validity. These principles were applied 
to the factor analysis of each subscale, ensuring that the extracted factor structure and observed items are 
consistent with the hypothesized measurement structure and analysis results, as shown in the  table55,58. In the 
exploratory factor analysis (EFA), the latent variables were effectively interpreted and demonstrated a significant 
response, with cumulative explained variances of the common factors exceeding 60%. This finding confirms the 
alignment between the scale structure, comprising the remaining items, and the initial theoretical framework 
proposed in this study. Additionally, the items were systematically reorganized to construct the final question-
naire. Consequently, items A1 to A24 were associated with the critical thinking skills dimension, items B25 to 
B37 were linked to problem-solving skills, items C38 to C53 were indicative of teamwork skills, and items D54 
to D66 were reflective of practical innovation skills. As shown in Table 12 below.

In addition, the criterion for extracting principal components in factor analysis is typically based on eigen-
values, with values greater than 1 indicating greater explanatory power than individual variables. The variance 
contribution ratio reflects the proportion of variance explained by each principal component relative to the total 
variance and signifies the ability of the principal component to capture comprehensive information. The cumu-
lative variance contribution ratio measures the accumulated proportion of variance explained by the selected 
principal components, aiding in determining the optimal number of components to retain while minimizing 
information loss. The above table shows that four principal components can be extracted from the data, and 
their cumulative variance contribution rate reaches 59.748%.

However, from the scree plot (as shown in Fig. 1), the slope flattens starting from the fifth factor, indicat-
ing that no distinct factors can be extracted beyond that point. Therefore, retaining four factors seems more 
appropriate. The factor loading matrix is the core of factor analysis, and the values in the matrix represent the 
factor loading of each item on the common factors. Larger values indicate a stronger correlation between the 
item variable and the common factor. For ease of analysis, this study used the maximum variance method to 
rotate the initial factor loading matrix, redistributing the relationships between the factors and original variables 
and making the correlation coefficients range from 0 to 1, which facilitates interpretation. In this study, factor 
loadings with absolute values less than 0.4 were filtered out. According to the analysis results, the items of the 
HOTS assessment scale can be divided into four dimensions, which is consistent with theoretical expectations.

Through the pretest of the scale and selection of measurement items, 66 measurement items were ultimately 
determined. On this basis, a formal scale for assessing HOTS in a blended learning environment was developed, 
and the reliability and validity of the scale were tested to ultimately confirm its usability.

Confirmatory factor analysis of final testing
Final test employed that AMOS (version 26.0), a confirmatory factor analysis (CFA) was conducted on the 
retested sample data to validate the stability of the HOTS structural model obtained through exploratory factor 
analysis. This analysis aimed to assess the fit between the measurement results and the actual data, confirming 
the robustness of the derived HOTS structure and its alignment with the empirical data. The relevant model 
was constructed based on the factor structure of each component obtained through EFA and the observed vari-
ables, as shown in the diagram. The model fit indices are presented in Fig. 2 (among them, A represents critical 
thinking skills, B represents problem-solving skills, C represents teamwork skills, and D represents practical 
innovation skills). The models strongly support the "4-dimensional" structure of the HOTS, which includes 
four first-order factors: critical thinking skills, problem-solving skills, teamwork skills, and practical innova-
tion skills. Critical thinking skills play a pivotal role in the blended learning environment of interior design, 

Table 11.  KMO and Bartlett’s tests.

Sample suitability quantity 0.964

Bartlett’s sphericity test

Approximate chi square 15120.485

Degree of freedom 2145

conspicuousness 0.000
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Composition

Initial eigenvalue Extracting the sum of squared loads Sum of squared rotational loads

Total Variance percentage Accrue % Total Variance percentage Accrue % Total Variance percentage Accrue %

A1 23.439 35.514 35.514 35.514 35.514 20.526 20.526

A2 6.599 9.998 45.512 23.439 9.998 45.512 13.547 14.612 35.138

A3 5.028 7.619 53.131 6.599 7.619 53.131 9.644 12.322 47.460

A4 4.368 6.618 59.748 5.028 6.618 59.748 8.133 12.288 59.748

A5 0.894 1.355 61.103 4.368 8.110

A6 0.822 1.245 62.348

A7 0.816 1.236 63.585

A8 0.800 1.213 64.797

A9 0.770 1.167 65.964

A10 0.749 1.135 67.098

A11 0.709 1.075 68.173

A12 0.687 1.040 69.214

A13 0.671 1.017 70.230

A14 0.654 0.990 71.221

A15 0.649 0.984 72.204

A16 0.638 0.967 73.171

A17 0.609 0.923 74.094

A18 0.590 0.894 74.989

A19 0.581 0.880 75.869

A20 0.577 0.874 76.743

A21 0.571 0.865 77.608

A22 0.561 0.850 78.458

A23 0.540 0.819 79.276

A24 0.513 0.777 80.054

B25 0.508 0.770 80.824

B26 0.503 0.763 81.586

B27 0.498 0.754 82.341

B28 0.490 0.742 83.083

B29 0.454 0.688 83.771

B30 0.451 0.684 84.454

B31 0.434 0.657 85.111

B32 0.431 0.653 85.764

B33 0.425 0.644 86.408

B34 0.419 0.635 87.043

B35 0.408 0.619 87.661

B36 0.399 0.605 88.266

B37 0.383 0.580 88.846

C38 0.380 0.576 89.422

C39 0.368 0.558 89.980

C40 0.357 0.541 90.521

C41 0.340 0.515 91.036

C42 0.338 0.512 91.548

C43 0.322 0.488 92.036

C44 0.320 0.484 92.520

C45 0.315 0.477 92.997

C46 0.308 0.467 93.464

C47 0.297 0.450 93.914

C48 0.283 0.428 94.342

C49 0.272 0.412 94.754

C50 0.269 0.408 95.163

C51 0.260 0.394 95.557

C52 0.250 0.379 95.936

C53 0.238 0.361 96.297

D54 0.237 0.360 96.657

D55 0.226 0.342 96.999

Continued
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connecting problem-solving skills, teamwork skills, and innovative practices. These four dimensions form the 
assessment structure of HOTS, with critical thinking skills serving as the core element, inspiring individuals to 
assess problems and propose innovative solutions. By providing appropriate learning resources, diverse learn-
ing activities, and learning tasks, as well as designing items for assessment scales, it is possible to delve into the 
measurement and development of HOTS in the field of interior design, providing guidance for educational and 
organizational practices. This comprehensive approach to learning and assessment helps cultivate students’ 
HOTS and lays a solid foundation for their comprehensive abilities in the field of interior design. Thus, the CFA 
structural models provide strong support for the initial hypothesis of the proposed HOTS assessment structure 
in this study. As shown in Fig. 2.

Additionally, χ2. The fitting values of RMSEA and SRMR are both below the threshold, whereas the fitting 
values of the other indicators are all above the threshold, indicating that the model fits well. As shown in Table 13.

Reliability and validity analysis
The reliability and validity of the scale need to be assessed after the model fit has been determined through valida-
tion factor  analysis57. Based on the findings of Marsh et al.57, the following conclusions can be drawn. In terms 
of hierarchical and correlational model fit, the standardized factor loadings of each item range from 0.700 to 
0.802, all of which are greater than or equal to 0.7. This indicates a strong correspondence between the observed 
items and each latent variable. Furthermore, the Cronbach’s α coefficients, which are used to assess the internal 
consistency or reliability of the scale, ranged from 0.948 to 0.966 for each dimension, indicating a high level of 
data reliability and internal consistency. The composite reliabilities ranged from 0.948 to 0.967, exceeding the 
threshold of 0.6 and demonstrating a substantial level of consistency (as shown in Table 14).

Additionally, the diagonal bold font represents the square root of the AVE for each dimension. All the dimen-
sions have average variance extracted (AVE) values ranging from 0.551 to 0.589, all of which are greater than 0.5, 
indicating that the latent variables have strong explanatory power for their corresponding items. These results 

Composition

Initial eigenvalue Extracting the sum of squared loads Sum of squared rotational loads

Total Variance percentage Accrue % Total Variance percentage Accrue % Total Variance percentage Accrue %

D56 0.214 0.324 97.323

D57 0.211 0.320 97.643

D58 0.206 0.312 97.954

D59 0.198 0.300 98.254

D60 0.191 0.289 98.542

D61 0.184 0.280 98.822

D62 0.173 0.261 99.083

D63 0.166 0.251 99.335

D64 0.154 0.234 99.569

D65 0.148 0.225 99.794

D66 0.136 0.206 100.000

Table 12.  Total variance explanation. *A1–A24: critical thinking skills dimension; B25–B37: problem-solving 
skills; C38–C53: teamwork skills; D54–D66: practical innovation skills.

Fig. 1.  Gravel plot of factors.
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suggest that the scale structure constructed in this study is reliable and effective. Furthermore, according to the 
results presented in Table 15, the square roots of the AVE values for each dimension are greater than the absolute 
values of the correlations with other dimensions, indicating discriminant validity of the data. Therefore, these four 
subscales demonstrate good convergent and discriminant validity, indicating that they are both interrelated and 
independent. This implies that they can effectively capture the content required to complete the HOTS test scale.

Discussion and conclusion
The assessment scale for HOTS in interior design blended learning encompasses four dimensions: critical 
thinking skills, problem-solving skills, teamwork skills, and practical innovation skills. The selection of these 
dimensions is based on the characteristics and requirements of the interior design discipline, which aims to 
comprehensively evaluate students’ HOTS demonstrated in blended learning environments to better cultivate 

Fig. 2.  Confirmatory factor analysis based on 4 dimensions. *A represents the dimension of critical thinking. B 
represents the dimension of problem-solving skills. C represents the dimension of teamwork skills. D represents 
the dimension of practical innovation skills.

Table 13.  CFA fitting indicators.

χ2 RMSEA SRMR TLI CFI IFI AGFI PGFI PNFI

Threshold 3 0.08 0.08 0.9 0.9 0.9 0.8 0.5 0.5

Fitted value 1.156 0.022 0.037 0.977 0.978 0.977 0.816 0.775 0.824



14

Vol:.(1234567890)

Scientific Reports |        (2024) 14:20287  | https://doi.org/10.1038/s41598-024-70908-3

www.nature.com/scientificreports/

Combination reliability and convergent validity

Dimension Title Standardized factor load P composite reliability AVE Cronbach’s Alpha

A

A1 0.720

0.967 0.551 0.966

A2 0.761 0.000

A3 0.736 0.000

A4 0.783 0.000

A5 0.777 0.000

A6 0.717 0.000

A7 0.733 0.000

A8 0.747 0.000

A9 0.756 0.000

A10 0.755 0.000

A11 0.711 0.000

A12 0.721 0.000

A13 0.750 0.000

A14 0.738 0.000

A15 0.720 0.000

A16 0.763 0.000

A17 0.729 0.000

A18 0.760 0.000

A19 0.703 0.000

A20 0.756 0.000

A21 0.748 0.000

A22 0.721 0.000

A23 0.734 0.000

A24 0.730 0.000

B

B1 0.783

0.949 0.589 0.948

B2 0.764 0.000

B3 0.780 0.000

B4 0.754 0.000

B5 0.758 0.000

B6 0.779 0.000

B7 0.741 0.000

B8 0.802 0.000

B9 0.741 0.000

B10 0.726 0.000

B11 0.779 0.000

B12 0.782 0.000

B13 0.765 0.000

C

C1 0.742

0.954 0.566 0.954

C2 0.769 0.000

C3 0.761 0.000

C4 0.700 0.000

C5 0.757 0.000

C6 0.783 0.000

C7 0.756 0.000

C8 0.734 0.000

C9 0.798 0.000

C10 0.756 0.000

C11 0.714 0.000

C12 0.752 0.000

C13 0.757 0.000

C14 0.761 0.000

C15 0.747 0.000

C16 0.736 0.000

Continued
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their ability to successfully address complex design projects in practice. Notably, multiple studies have shown that 
HOTSs include critical thinking, problem-solving skills, creative thinking, and decision-making skills, which are 
considered crucial in various fields, such as education, business, and  engineering20,59–61. Compared with prior 
studies, these dimensions largely mirror previous research outcomes, with notable distinctions in the emphasis 
on teamwork skills and practical innovation  skills62,63. Teamwork skills underscore the critical importance of 
collaboration in contemporary design endeavors, particularly within the realm of interior  design64. Effective 
communication and coordination among team members are imperative for achieving collective design objectives.

Moreover, practical innovation skills aim to increase students’ capacity for creatively applying theoretical 
knowledge in practical design settings. Innovation serves as a key driver of advancement in interior design, neces-
sitating students to possess innovative acumen and adaptability to evolving design trends for industry success. 
Evaluating practical innovation skills aims to motivate students toward innovative thinking, exploration of novel 
concepts, and development of unique design solutions, which is consistent with the dynamic and evolving nature 
of the interior design sector. Prior research suggests a close interplay between critical thinking, problem-solving 
abilities, teamwork competencies, and creative thinking, with teamwork skills acting as a regulatory factor for 
critical and creative thought  processes7,65. This interconnected nature of HOTS provides theoretical support for 
the construction and validation of a holistic assessment framework for HOTS.

After the examination by interior design expert members, one item needed to be split into two items. The 
results of the CR (construct validity) analysis of the scale items indicate that independent sample t tests were 
subsequently conducted on all the items. The t values were greater than 3, with p values less than 0.001, indicating 
significant differences between the top and bottom 27% of the samples and demonstrating the discriminant valid-
ity of each item. This discovery highlights the diversity and effectiveness of the scale’s internal items, revealing the 
discriminatory power of the scale in assessing the study subjects. The high t values and significant p values reflect 
the substantiality of the internal items in distinguishing between different sample groups, further confirming 
the efficacy of these items in evaluating the target characteristics. These results provide a robust basis for further 
refinement and optimization of the scale and offer guidance for future research, emphasizing the importance of 
scale design in research and providing strong support for data interpretation and analysis.

This process involves evaluating measurement scales through EFA, and it was found that the explanatory 
variance of each subscale reached 59.748%, and the CR, AVE, Cronbach’s alpha, and Pearson correlation coef-
ficient values of the total scale and subscales were in a better state, which strongly demonstrates the structure, 
discrimination, and convergence effectiveness of the  scale57.

The scale structure and items of this study are reliable and effective, which means that students in the field of 
interior design can use them to test their HOTS level and assess their qualities and abilities. In addition, scholars 

Table 14.  CFA fitting indicators. *A represents the dimension of critical thinking. B represents the dimension 
of problem-solving skills. C represents the dimension of teamwork skills. D represents the dimension of 
practical innovation skills.

Combination reliability and convergent validity

Dimension Title Standardized factor load P composite reliability AVE Cronbach’s Alpha

D

D1 0.763

0.948 0.586 0.948

D2 0.769 0.000

D3 0.759 0.000

D4 0.793 0.000

D5 0.768 0.000

D6 0.757 0.000

D7 0.760 0.000

D8 0.753 0.000

D9 0.763 0.000

D10 0.768 0.000

D11 0.787 0.000

D12 0.755 0.000

D13 0.748 0.000

Table 15.  Discriminant validity.

A B C D

A 0.742

B 0.496 0.767

C 0.456 0.427 0.753

D 0.466 0.467 0.506 0.765
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can use this scale to explore the relationships between students’ HOTS and external factors, personal personali-
ties, etc., to determine different methods and strategies for developing and improving HOTS.

Limitations and future research
The developed mixed learning HOTS assessment scale for interior design also has certain limitations that need 
to be addressed in future research. The first issue is that, owing to the requirement of practical innovation skills, 
students need to have certain practical experience and innovative abilities. First-grade students usually have 
not yet had sufficient opportunities for learning and practical experience, so it may not be possible to evaluate 
their abilities effectively in this dimension. Therefore, when this scale is used for assessment, it is necessary to 
consider students’ grade level and learning experience to ensure the applicability and accuracy of the assess-
ment tool. For first-grade students, it may be necessary to use other assessment tools that are suitable for their 
developmental stage and learning experience to evaluate other aspects of their  HOTS7. Future research should 
focus on expanding the scope of this dimension to ensure greater applicability.

The second issue is that the sample comes from ordinary private undergraduate universities in central China 
and does not come from national public universities or key universities. Therefore, there may be regional char-
acteristics in the obtained data. These findings suggest that the improved model should be validated with a wider 
range of regional origins, a more comprehensive school hierarchy, and a larger sample size. The thirdly issue 
is the findings of this study are derived from self-reported data collected from participants through surveys. 
However, it is important to note that the literature suggests caution in heavily relying on such self-reported data, 
as perception does not always equate to  actions66. In addition, future research can draw on this scale to evaluate 
the HOTS of interior design students, explore the factors that affect their development, determine their training 
and improvement paths, and cultivate skilled talent for the twenty-first century.

Methods
This study adopts a mixed method research approach, combining qualitative and quantitative methods to achieve 
a comprehensive understanding of the  phenomenon67. By integrating qualitative and quantitative research meth-
ods, mixed methods research provides a comprehensive and detailed exploration of research questions, using 
multiple data sources and analytical methods to obtain accurate and meaningful  answers68. To increase the quality 
of the research, the entire study followed the guidelines for scale development procedures outlined by Professor 
Li after the data were obtained. As shown in Fig. 3

Basis of theory
This study is guided by educational objectives such as 21st-century learning skills, the "5C" competency frame-
work, and students’ core  abilities4. The construction process of the scale is based on theoretical foundations, 

Drafting or revising the initial 
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Basic Theory 

Item Analysis 

Formal scale 

Reliability Analysis 

Construct Scale Reliability

Delete items with 
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Delete question 

items. 
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Construct Scale

Fig. 3.  Scale development program.
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including Bloom’s taxonomy. Drawing from existing research, such as the  CCTDI41,  SPSI69, and TWKSAT scales, 
the dimensions and preliminary items of the scale were developed. Additionally, to enhance the validity and 
reliability of the scale, dimensions related to HOTS in interior design were obtained through semi-structured 
interviews, and the preliminary project adapted or directly cited existing research results. The preliminary items 
were primarily adapted or directly referenced from existing research findings. Based on existing research, such as 
the CCTDI, SPSI, TWKSAT, and twenty-first century skills frameworks, this study takes "critical thinking skills, 
problem-solving skills, teamwork skills, and practical innovative skills" as the four basic dimensions of the scale.

Participants and procedures
This study is based on previous research and develops a HOTS assessment scale to measure the thinking levels of 
interior design students in blended learning. By investigating the challenges and opportunities students encounter 
in blended learning environments and exploring the complexity and diversity of their HOTS, this study aims to 
obtain comprehensive insights. For research question 1, via the purposive sampling method, 10 interior design 
experts are selected to investigate the dimensions and evaluation indicators of HOTS in blended learning of 
interior design. The researcher employed a semi structured interview method, and a random sampling technique 
was used to select 10 senior experts and teachers in the field of interior design, holding the rank of associate 
professor or above. This included 5 males and 5 females. As shown in Table 16.

For research question 2 and 3, the research was conducted at an undergraduate university in China, in the 
field of interior design and within a blended learning environment. In addition, a statement confirms that all 
experimental plans have been approved by the authorized committee of Zhengzhou University of Finance and 
Economics. In the process of practice, the methods used were all in accordance with relevant guidelines and 
regulations, and informed consent was obtained from all participants. The Interior Design Blended Learning 
HOTS assessment scale was developed based on sample data from 350 students who underwent one pre-test 
and retest. The participants in the study consisted of second-, third-, and fourth-grade students who had partici-
pated in at least one blended learning course. The sample sizes were 115, 118, and 117 for the respective grade 
levels, totaling 350 individuals. Among the participants, there were 218 male students and 132 female students, 
all of whom were within the age range of 19–22 years. Through purposeful sampling, this study ensured the 
involvement of relevant participants and focused on a specific university environment with diverse demographic 
characteristics and rich educational resources.

This approach enhances the reliability and generalizability of the research and contributes to a deeper under-
standing of the research question (as shown in Table 17).

Table 16.  Demographic Information of Sample Experts and Teachers.

Code Gender Position Years of experience

1 Male Asst. Professor 10–12

2 Female Professor 20

3 Female Asst. Professor 15

4 Male Asst. Professor 16

5 Male Professor 20–22

6 Female Professor 20–21

7 Female Asst. Professor 15–16

8 Male Asst. Professor 14–15

9 Male Professor 20–21

10 Female Asst. Professor 15–16

Table 17.  Demographic data of the participants.

Variable Demographic Total Percentage (%) Sampling

Gender
Male 218 62.22 Purposeful

Female 132 37.71 Purposeful

Grade

Year two 115 32.85 Purposeful

Year three 118 33.71 Purposeful

Year four 117 33.42 Purposeful

Major Interior design 350 100 Purposeful

Education Blended learning 350 100 Purposeful
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Instruments
The tools used in this study include semi structured interview guidelines and the HOTS assessment scale devel-
oped by the researchers. For research question 1, the semi structured interview guidelines were reviewed by 
interior design experts to ensure the accuracy and appropriateness of their content and questions. In addition, 
for research question 2 and 3, the HOTS assessment scale developed by the researchers will be checked via the 
consistency ratio (CR) method to assess the consistency and reliability of the scale items and validate their 
effectiveness.

Data analysis
For research question 1, the researcher will utilize the NVivo version 14 software tool to conduct thematic analy-
sis on the data obtained through semi structured interviews. Thematic analysis is a commonly used qualitative 
research method that aims to identify and categorize themes, concepts, and perspectives that emerge within a 
 dataset70. By employing NVivo software, researchers can effectively organize and manage large amounts of textual 
data and extract themes and patterns from them.

For research question 2, the critical ratio (CR) method was employed to conduct item analysis and homo-
geneity testing on the items of the pilot test questionnaire. The CR method allows for the assessment of each 
item’s contribution to the total score and the evaluation of the interrelationships among the items within the 
questionnaire. These analytical techniques served to facilitate the evaluation and validation of the scale’s reli-
ability and validity.

For research question 3, this study used SPSS (version 26), in which confirmatory factor analysis (CFA) was 
conducted on the confirmatory sample data via maximum likelihood estimation. The purpose of this analysis 
was to verify whether the hypothesized factor structure model of the questionnaire aligned with the actual sur-
vey data. Finally, several indices, including composite reliability (CR), average variance extracted (CR), average 
variance extracted (AVE), Cronbach’s alpha coefficient, and the Pearson correlation coefficient, were computed 
to assess the reliability and validity of the developed scale and assess its reliability and validity.

In addition, exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) are commonly utilized 
techniques in questionnaire development and adaptation  research31,70. The statistical software packages SPSS 
and AMOS are frequently employed for implementing these analytical  techniques71–73. CFA is a data-driven 
approach to factor generation that does not require a predetermined number of factors or specific relationships 
with observed variables. Its focus lies in the numerical characteristics of the data. Therefore, prior to conduct-
ing CFA, survey questionnaires are typically constructed through EFA to reveal the underlying structure and 
relationships between observed variables and the latent structure.

In contrast, CFA tests the hypothesized model structure under specific theoretical assumptions or structural 
hypotheses, including the interrelationships among factors and the known number of factors. Its purpose is to 
validate the hypothesized model structure. Thus, the initial validity of the questionnaire structure, established 
through EFA, necessitates further confirmation through  CFA57,70. Additionally, a sample size of at least 200 is 
recommended for conducting the validation factor analysis. In this study, confirmatory factor analysis was 
performed on a sample size of 317.

 Data availability
All data generated or analyzed during this study are included in this published article. All the experimental 
protocols were approved by the Zhengzhou College of Finance and Economics licensing committee.
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