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Abstract 

 This study investigates the factors that influence the integration of Artificial Intelligence (AI) in design thinking among instructional 
designers. It explores the perceptions of instructional designers regarding the impact of AI on design thinking and the challenges associated 
with its integration. The research employs quantitative methodology, utilizing an online survey questionnaire distributed to 152 
instructional designers. Descriptive and MANOVA tests are used for analysis. The findings shed light on several influential factors including 
gender, education level, years of experience, awareness of AI implications, subjective expertise, AI actual integration, and self-confidence. 
Gender differences are observed, with male instructional designers perceiving a higher impact of AI compared to their female counterparts. 
Education level plays a significant role, with participants holding bachelor's degrees or PhDs demonstrating a deeper understanding of AI's 
potential in design thinking. The study concludes that addressing gender differences, enhancing education and awareness, supporting early-
career professionals, promoting hands-on experience, and building self-confidence is crucial for successful AI integration in design thinking. 
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1. Introduction 

              The recent advancements in Artificial Intelligence (AI) development have reverberated across multiple 
facets of life, permeating fields such as education, business, and beyond, fundamentally transforming the way we 
think, learn, operate, and thrive in an increasingly intelligent and interconnected world (Hassan et al., 2022; Jiang 
& Pang, 2023; Kuo et al., 2021; Vendraminelli et al., 2022; Lee et al., 2023). 

With no exceptions, AI has transformed Instructional Design (ID) and Design Thinking (DT), making them 
more efficient, personalized, and innovative in meeting the needs of learners in the current digital age 
(Markauskaite et al., 2022; Rajaram, 2023; Gonzalez-Mohino et al., 2023). For instance, AI possesses the capacity 
to transform the field of instructional design and holds the promise of improving learning outcomes and enabling 
personalized instruction (Farrell, 2020; Jiang & Pang, 2023; Kashive et al., 2020; Lin et al., 2022; Walter, 2024). 
When it comes to integrating AI into instructional design processes, AI can play a crucial role in enhancing 
assessment techniques, offering valuable feedback to instructional designers, and elevating their contributions to 
the development of effective instructional designs. By leveraging AI, instructional designers can use advanced 
technologies to create more engaging and tailored learning experiences for learners (Farrell, 2020; Kashive et al., 
2020; Lin et al., 2022). 

Similarly, the emergence of AI has brought forth a realm of possibilities for designers embarking on the 
design thinking journey. With AI, design thinkers gain access to an array of powerful tools and resources that serve 
as catalysts for creativity and innovation (Deitte & Omary, 2019; Vendraminelli et al., 2022). Through this 
partnership between human ingenuity and AI capabilities, designers can unlock new realms of problem-solving 
and solution generation. As highlighted by many researchers, the utilization of AI has the potential to revolutionize 
the design thinking process by amplifying designers' abilities to envision, create, and refine groundbreaking 
solutions (Deitte & Omary, 2019; Palacin-Silva et al., 2017; Tilbe, 2022; Verganti et al., 2020; Vendraminelli et al., 
2022; Xu et al., 2020). By embracing AI's potential, designers can navigate uncharted territories, uncover novel 
insights, and bring forth impactful solutions that address the complex challenges of our ever-evolving world. 

Design thinking, as a human-centered problem-solving approach, has gained considerable recognition and 
prominence within the field of instructional design (Hassan et al., 2022). Its emphasis on empathy, collaboration, 
and iterative prototyping offers a promising framework for addressing complex challenges and creating 
meaningful learning experiences (Heldal, 2023; Deitte & Omary, 2019; Foster, 2021; Hassan et al., 2022; IDF, 2022; 
Liedtka, 2023; Verganti, 2020; Weller, 2019). However, there is a need to evaluate the proficiency of instructional 
designers in applying design thinking principles and techniques to ensure the effectiveness and quality of their 
work. In design thinking, AI aids in idea generation, prototyping, and simulation, accelerating the iteration process 
and facilitating rapid experimentation. AI also enhances user experiences through intelligent interfaces and 
adaptive interactions. 

1.1. Purpose of study 

The purpose of this study, therefore, is to conduct a comprehensive evaluation of the transformative role 
of AI in design thinking proficiency among instructional designers. The findings of this study hold several 
implications for the field of instructional design and design thinking. By shedding light on the effectiveness of self-
reported measures and performance metrics in evaluating design thinking proficiency, the study contributes to 
the ongoing discussions on assessment practices in instructional design education and professional development. 
Furthermore, the results will inform instructional design professionals about the strengths and limitations of 
different assessment approaches, enabling them to make informed decisions in assessing and developing design 
thinking skills. 
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1.2. Conceptual background 

 Design thinking and instructional design are two interconnected fields that play a crucial role in shaping 
effective learning experiences. Both disciplines have seen significant advancements in recent years, thanks to the 
integration of AI technologies. Design thinking emphasizes a human-centered approach, aiming to understand 
users' needs, generate innovative ideas, and develop solutions that address complex problems. On the other hand, 
instructional design focuses on creating engaging and impactful learning environments by applying systematic 
instructional strategies and principles. 

Design thinking originated in the field of design but has since been applied to various disciplines, including 
business, education, and technology (Campos Zabala, 2023; Trunk et al., 2020; Jiang & Pang, 2023; Kuo et al., 
2021; Foster, 2021; Hassan et al., 2022; Kannengiesser & Gero, 2019; Liedtka, 2023). In this regard, Foster (2021) 
argues that individuals "may perceive design thinking, a relatively new and complex multistep, iterative process, 
to be beyond their capabilities or time/resource constraints. This experiential exercise provides a relatively easy, 
low-investment approach to incorporating an overview of design thinking into any course. Hence, " design 
thinking... helps us take a step back and remain open-minded, consider alternative points of view, watch for bias, 
recognize adjacent possibilities, and innovate" (Weller, 2019). Further, design thinking offers a valuable 
framework, mindset, and set of processes and tools that assist in navigating the intricate and uncertain nature of 
digital transformation processes, particularly in situations where analytical thinking proves inadequate. 
(Vendraminelli et al., 2022). 

According to the Interaction Design Foundation (IDF, 2022), design thinking is an iterative and non-linear 
approach that teams employ to gain insights into users, question existing assumptions, redefine problems, and 
generate innovative solutions that can be prototyped and tested. Moreover, design thinking exerted a significant 
and positive influence on idea creativity, particularly in terms of novelty and value, as well as on the product 
creativity of AI applications, specifically about functionality and elaboration (Chang & Tsai, 2021).  

Design thinking is a problem-solving approach that focuses on understanding and addressing the needs 
and challenges of users or customers (Jiang & Pang, 2023; Kuo et al., 2021; Foster, 2021; Hassan et al., 2022; 
Palacin-Silva et al., 2017; IDF, 2022; Liedtka, 2023). "While traditional problem-solving is a linear and structured 
approach, design thinking is set by a human-centered innovation process which leads to better products and 
services" (Kuo et al., 2021). 

It is a human-centered and iterative process that combines empathy, creativity, and rationality to develop 
innovative solutions (Deitte & Omary, 2019; Foster, 2021; IDF, 2022; Jiang & Pang, 2023; Kannengiesser & Gero, 
2019; Liedtka, 2023; Verganti, 2020; Weller, 2019). At its core, DT involves a deep understanding of the people for 
whom a solution is being designed (Foster, 2021; IDF, 2022; Weller, 2019). It emphasizes empathy, requiring 
designers to put themselves in the shoes of the users to gain insights into their needs, desires, and experiences 
(Foster, 2021; IDF, 2022; Liedtka, 2023).  

According to IDF (2022) and Deitte & Omary (2019), the design thinking process involves multiple stages 
for instructional designers to create effective solutions. The empathize stage focuses on understanding users' 
needs, goals, and challenges through observation, interviews, and immersion. In the define stage, designers 
analyze collected data to identify core problems or opportunities and reframe them into clear statements. 
Ideation involves generating diverse and numerous ideas through open thinking and collaboration. Prototyping 
translates selected ideas into tangible representations like sketches or models. Testing involves gathering user 
feedback to validate and refine the solutions iteratively. 

Design thinking is characterized by its iterative nature, meaning that the stages are often revisited and 
repeated as new insights and feedback emerge. This iterative process allows for continuous learning, adaptation, 
and improvement of the solution (IDF, 2022). Consequently, design thinking encourages a user-centered mindset, 
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creative problem-solving, collaboration, and an openness to experimentation and learning (Deitte & Omary, 2019; 
Kuo et al., 2021; Palacin-Silva et al., 2017; Jiang & Pang, 2023). It has proven to be a valuable approach to 
developing innovative and user-centric solutions across various fields and industries. 

The integration of AI in design thinking refers to leveraging AI technologies and tools to enhance and 
augment the design thinking process. AI can be utilized to support and empower designers in various stages of 
design thinking, enabling them to generate more innovative and effective solutions (Kuo et al., 2021; Tilbe, 2022; 
Verganti et al., 2020; Xu et al., 2020). "AI thus reinforces the principles of design thinking, namely: being people-
centered, abductive, and iterative. AI enables the creation of solutions that are more highly user-centered than 
human-based approaches" (Verganti et al., 2020). 

There are several academic research papers available on the topic of AI and design thinking. The 
integration of AI in design thinking aims to augment the capabilities of designers, improve the quality and 
efficiency of the design process, and unlock new possibilities for innovation (Chang & Tsai, 2021; Kuo et al., 2021; 
Palacin-Silva et al., 2017; Tilbe, 2022; Verganti et al., 2020). Furthermore, AI complements human creativity and 
expertise with AI-driven insights, automation, and data-driven decision-making, leading to more effective and 
impactful design solutions (Kuo et al., 2021; Deitte & Omary, 2019; Palacin-Silva et al., 2017; Tilbe, 2022; Xu et al., 
2020). Moreover, design thinking experiences have produced positive outcomes, garnered favorable feedback, 
and instilled a heightened appreciation for the design thinking approach (Hassan et al., 2022; Jiang & Pang, 2023; 
Palacin-Silva et al., 2017; Lee, 2020). 

Hence, another body of literature investigates factors that contribute to shaping the designers' design 
thinking itself. For instance, the contextual background of the problem and the users' values and ethics of the 
solution, such as culture, social, environment, preferences, emotions, and moral implications (Linke, 2017; 
McKinsey & Company, 2022; Rösch et al., 2023). Another contributing factor is the technology available or feasible 
to create the solution, such as the tools, platforms, and systems (McKinsey & Company, 2022). Furthermore, a 
hands-on and real-experience approach to prototyping and testing offers a matching method to rational problem-
solving methods (Foster, 2021). Beligatamulla et al., (2019) claim that educators of design thinking have a 
foundation for a teaching approach that goes beyond different fields and allows for cooperation and continuous 
improvement of design thinking education. Moreover, concerning awareness of AI implications in design, Guzdial 
et al., (2019) found that the level of designers' awareness of AI as having possible benefits for their design work 
depends on how they wanted the AI to help them. Also, Chong et al., (2022) argue that "designers' self-confidence 
and competence have very different impacts on their collaborative performance depending on the accuracy of 
AI". 

The research problem addressed in this study is the investigation of how AI can enhance the proficiency 
of instructional designers in applying design thinking principles and techniques. Design thinking has gained 
recognition and prominence in instructional design due to its human-centered problem-solving approach, which 
emphasizes empathy, collaboration, and iterative prototyping to create meaningful learning experiences. 

While there is existing research on the application of design thinking in instructional design, there is a 
research gap regarding the specific integration of AI technologies and their impact on instructional designers' 
proficiency in this context. This gap needs to be addressed. Therefore, the study aims to assess the current 
proficiency level of instructional designers in utilizing design thinking and explore how AI can augment and 
enhance their abilities in this area. Additionally, the study seeks to identify the potential benefits, challenges, and 
opportunities that AI brings to the design thinking processes within the instructional design framework. Ethical 
considerations and potential limitations associated with the use of AI in this context will also be uncovered in the 
study. 
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Within the design thinking process, AI plays a crucial role in various aspects such as idea generation, 
prototyping, simulation, and enhancing user experiences through intelligent interfaces and adaptive interactions. 
Therefore, the objective of this study is to investigate the contribution of AI technologies and tools to the 
application of design thinking principles and techniques by instructional designers. By exploring this relationship, 
the study aims to provide insights into the transformative impact of AI on the proficiency of instructional designers 
in design thinking. 

This study contributes to a deeper understanding of the potential transformative power of AI and its 
implications for instructional design. The findings will contribute to the existing knowledge and provide insights 
into the benefits, challenges, and perceptions associated with integrating AI into the design thinking process. 
Additionally, the study will examine how demographic factors may influence instructional designers' approach to 
design thinking. 

1.3. Research questions 

            The current study aims to investigate the transformative impact of AI on the design thinking proficiency of 
instructional designers. To address this research question, the study proposes several sub-questions: 

• RQ1: How has AI influenced the design thinking process (empathize, define, ideate, prototype, test) of 
instructional designers based on their personal experiences? 

• RQ2: What challenges have instructional designers encountered when integrating AI into the design 
thinking process? 

• RQ3: How do instructional designers perceive the impact of AI on design thinking? 

• RQ4: What is the influence of demographic factors on the design thinking processes of instructional 
designers? 

2. Methods and materials 

2.1. Research design 

The current study follows a quantitative methodology approach. The current study incorporates a survey 
questionnaire to investigate the impact of AI on the proficiency of instructional designers in design thinking. This 
approach helps to uncover commonalities, differences, and unique perspectives related to the role of AI in design 
thinking proficiency among instructional designers. 

2.2.  Participation 

         The sample of instructional designers in this study was selected through a process that involved the use of 
an online survey questionnaire and recruitment through personal connections. The researchers aimed to gather 
data from instructional designers who have experience and knowledge in design thinking and its integration with 
AI technologies. 

2.3. Data collection instrument 

Once potential participants were identified, they were invited to participate in the study by completing 
an online survey questionnaire. The questionnaire was designed to collect data on various factors related to AI 
integration in design thinking, as well as participants' demographic information, education level, years of 
experience, and subjective expertise in AI applications.  

The use of an online survey allowed for convenient data collection, as participants could complete the 
questionnaire at their convenience. It also facilitated the inclusion of participants from diverse geographical 
locations. 
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2.4.  Data analysis  

           The data analysis for this study was conducted using SPSS (V. 22). The procedures followed include data 
checking for missing values, and outliers, conducting descriptive statistics such as means, standard deviations, 
frequencies, and percentages, employing inferential statistics, particularly Multivariate Analysis of Variance 
(MANOVA). 

2.4.1. Validity and reliability 

            To validate the survey questionnaire used in the study, three subject matter experts were consulted. The 
feedback and suggestions provided by the experts were incorporated into the questionnaire to enhance its 
content validity. To assess the reliability of the questionnaire, internal consistency was measured using Cronbach's 
alpha coefficient. The obtained Cronbach's alpha value was .76, which indicates an acceptable level of internal 
consistency. This suggests that the items within the questionnaire are correlated and measure the same 
underlying construct consistently. 

2.5. Ethical consideration 

The study was carried out with honesty, openness, and intellectual integrity by the researchers. Rigidly, 
impartially, and without bias or manipulation, data were gathered, analyzed, and interpreted. The study's results 
are fairly represented in the published conclusions, which clearly recognize any shortcomings or ambiguities. 

3. Results 

3.1. Participants’ demographics 

Table 1 presents the data collected from 152 instructional designers, providing insights into their 
demographics and characteristics. 

Table 1 
 Participants’ demographics (N=152) 

Demographics Group N % 

Gender - Male 88 57.9 
- Female 64 42.1 

Education Level - Diploma or Short Courses 20 13.2 
- Bachelor’s Degree 48 31.6 
- Master’s Degree 68 44.7 
- Ph.D. 16 10.5 

Years of Experience in ID - Less than 10 years 112 73.7 
- From 10 to 20 years 26 17.1 
- More than 20 years 14 9.2 

Awareness of AI in ID - No 62 40.8 
 - To some extent 64 42.1 
 - Yes 26 17.1 
Subjective expertise in AI applications in ID - Limited 42 27.6 

- Basic 38 25.0 
- Intermediate 44 28.9 
- Advanced 28 18.4 

The current integration of AI in ID - No 88 57.9 
- Yes 64 42.1 

Self-confidence in integrating AI in DT - Somewhat confident 18 11.8 
- Moderately confident 74 48.7 
- Very confident 44 28.9 
- Extremely confident 16 10.5 
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The participants represented diverse backgrounds and characteristics, including gender, education level, 
years of experience in instructional design, awareness of AI in instructional design, subjective expertise of AI 
applications in instructional design, current integration of AI in instructional design, and self-confidence in 
integrating AI in design thinking. 

Among the participants, the majority were male, accounting for 57.9% of the total. In terms of educational 
attainment, 44.7% of the participants held a master's degree. Regarding professional experience, 73.7% of the 
instructional designers had less than 10 years of experience in instructional design. 

About awareness of AI in instructional design, 40.8% of the participants reported not being aware, while 
42.1% indicated some level of awareness, and 17.1% reported being fully aware. The participants also 
demonstrated varying levels of subjective expertise in AI applications within instructional design, with 
intermediate expertise being the most common at 28.9%, followed by basic expertise at 25%, advanced expertise 
at 18.4%, and limited expertise at 27.6%. 

Regarding the integration of AI in instructional design, 57.9% of the participants had not yet integrated AI 
into their practices, while 42.1% had already done so. Additionally, the participants exhibited different levels of 
self-confidence in integrating AI within the design thinking process. Moderately confident was the most common 
response, accounting for 48.7% of participants, followed by very confident (28.9%), extremely confident (10.5%), 
and somewhat confident (11.8%). 

RQ1: How has AI impacted the instructional designers’ design thinking process (empathize, define, ideate, 
prototype, test)?  

The findings presented in Table 2 reveal the participants' perceptions of the impact of AI on their design 
thinking process across different stages.  

Table 2 
 AI impacts on design thinking 

Stage M SD 

1. User empathy 4.00 0.73 
2. Problem definition 4.00 0.75 
3. Idea generation 4.05 0.80 
4. Prototyping 4.00 0.92 
5. Testing and feedback 3.86 0.93 

              Total perceived AI in design thinking 3.98 0.71 

The results indicate that the participants attributed a positive impact to AI in all stages of design thinking. 
The highest mean rating was observed for idea generation, with a mean score of 4.05 and a standard deviation of 
.796. This was followed by user empathy and problem definition, both receiving a mean score of 4.00, with 
standard deviations of .728 and .746 respectively. The stage of prototyping received a mean score of 4.00, with a 
standard deviation of .921. Lastly, the stage of testing and feedback obtained a mean score of 3.86, with a standard 
deviation of .931. 

These results suggest that the participants perceived AI as particularly beneficial in idea generation, user 
empathy, problem definition, and prototyping stages of the design thinking process. The slightly lower mean rating 
for the testing and feedback stage indicates that while still positive, the participants perceived AI to have a slightly 
lesser impact in this stage compared to the others. The standard deviations reflect the variability in responses, 
indicating the range of participants' perceptions within each stage. 

RQ2: What challenges have instructional designers encountered when integrating AI into the design thinking 
process?  
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The findings presented in Table 3 reveal the challenges faced by the participants in various factors related 
to integrating AI in instructional design. The results indicate that the participants reported moderate to high levels 
of challenges across all factors. The highest mean rating was observed for limited access to AI tools or 
technologies, with a mean score of 3.83 and a standard deviation of .912. This was followed by the rise in material 
costs, which received a mean score of 3.76, with a standard deviation of .988. Difficulty in identifying appropriate 
AI applications in instructional design was rated as the next highest challenge, with a mean score of 3.68 and a 
standard deviation of .924. The factors of resistance from stakeholders or learners and lack of AI knowledge and 
skills obtained mean scores of 3.66 and 3.61, respectively, with standard deviations of .89 and 1.13. 

Table 3 
 Challenges to AI integrating into design thinking 

Challenge M SD 

1. Limited access to AI tools or technologies 3.83 0.91 
2. The rise in material costs 3.76 0.99 
3. Difficulty in identifying appropriate AI applications in ID 3.68 0.92 
4. Resistance from stakeholders or learners 3.66 0.89 
5. Lack of AI knowledge and skills 3.61 1.13 

              Total perceived challenges 3.71 0.67 

These results imply that the participants encountered challenges related to limited access to AI tools and 
technologies, which can hinder their ability to effectively integrate AI in instructional design. The rise in material 
costs was also reported as a significant challenge, suggesting that financial considerations may pose obstacles to 
incorporating AI in instructional design practices. Difficulty in identifying appropriate AI applications in 
instructional design highlights the need for further guidance and support in leveraging AI technologies effectively. 
Resistance from stakeholders or learners was another challenge identified, suggesting potential barriers to 
adopting AI-driven approaches. Lastly, the lack of AI knowledge and skills among instructional designers emerged 
as a challenge, emphasizing the importance of training and professional development in this area. 

RQ3: How do instructional designers project the impact of AI on design thinking?  

The findings presented in Table 4 reveal the participants' projections regarding the impact of AI on 
different stages of design thinking. The results indicate that the participants anticipated a positive impact of AI 
across all stages. The highest mean rating was observed for idea generation, with a mean score of 4.33 and a 
standard deviation of 0.77. This was followed by prototyping, which received a mean score of 4.25, with a standard 
deviation of 0.69. The stage of problem definition was rated as the next highest in terms of anticipated impact, 
with a mean score of 4.12 and a standard deviation of 0.69. Testing and feedback received a mean score of 4.11, 
with a standard deviation of 0.82. The lowest mean rating was observed for user empathy, with a mean score of 
3.84 and a standard deviation of 1.03. 

Table 4 
Projection of AI impacts on design thinking 

Stage M SD 

1. User empathy 3.84 1.03 
2. Problem definition 4.12 0.69 
3. Idea generation 4.33 0.77 
4. Prototyping 4.25 0.69 
5. Testing and feedback 4.11 0.82 

            Total projected impact of AI on DT 4.13 0.57 

 These results suggest that the participants perceived AI as having the potential to positively impact various 
stages of design thinking. Particularly, participants projected that AI would significantly enhance idea generation 
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and prototyping processes. The anticipated impact on problem definition testing and feedback stages also 
indicates the participants' optimism about the contributions of AI. However, it is worth noting that the stage of 
user empathy received a slightly lower mean rating, indicating that participants may perceive AI to have a 
relatively lesser impact on this aspect of design thinking. 

RQ4: What is the impact of demographics on the instructional designers’ design thinking processes?  

A MANOVA test was conducted to examine the influence of participant demographics on the integration 
of AI into design thinking. Levene's Test was used to assess the equality of variances between groups. The results 
of Levene's Test revealed that all three p-values were less than 0.001 (p = 0.000), indicating that the variances of 
the groups significantly differed for the total perceived AI impact on design thinking, the total projected AI impact 
on design thinking, and the total perceived challenges. 

Table 5 presents the results of the MANOVA tests, which investigated the relationship between 
participant demographics and the integration of AI into design thinking. The analysis considered various factors, 
including gender, education level, years of experience, awareness of AI, subjective expertise in AI applications, 
confidence in integrating AI, and actual AI integration. 

Table 5 
 MANOVA Tests 

Effect Value F Hypothesis df Error df Sig. 

1. Gender W
ilks' Lam

b
d

a 

.69 15.96 3.000 105.000 .000 
2. Education Level .01 146.65 9.000 255.693 .000 
3. Years of Experience .07 101.88 6.000 210.000 .000 
4. Awareness .74 12.20 3.000 105.000 .000 
5. Subjective expertise .08 53.11 9.000 255.693 .000 
6. AI integration .20 144.12 3.000 105.000 .000 
7. Confidence .04 150.55 6.000 210.000 .000 

The findings revealed significant relationships between these demographic variables and AI integration. 
Specifically, gender (F = 15.96, p < 0.001), education level (F = 146.65, p < 0.001), years of experience (F = 101.88, 
p < 0.001), awareness of AI (F = 12.20, p < 0.001), subjective expertise (F = 53.11, p < 0.001), and confidence (F = 
150.55, p < 0.001) all exerted substantial influences on participants' engagement in AI integration. These findings 
highlight the importance of considering participant demographics in promoting effective and inclusive AI 
integration practices in instructional design. 

Table 6 presents the results of between-subjects effects tests conducted to examine the impact of various 
factors on AI integration in design thinking. The findings revealed significant effects for several factors on AI 
integration in design thinking. 

Table 6 
 Tests of Between-Subjects Effects 

Source DV F Sig. η2 

Gender Total perceived impact of AI on DT 29.18 .000 .214 

Total projected impact of AI on DT 8.755 .004 .076 

Total perceived challenges 4.610 .034 .041 

Education Level Total perceived impact of AI on DT 222.8 .000 .862 

Total projected impact of AI on DT 79.26 .000 .690 

Total perceived challenges 78.63 .000 .688 

Years of Experience Total perceived impact of AI on DT 186.8 .000 .777 

Total projected impact of AI on DT 15.40 .000 .224 
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Source DV F Sig. η2 

Total perceived challenges 13.68 .000 .204 

Awareness Total perceived impact of AI on DT 5.84 .017 .052 

Total projected impact of AI on DT 19.46 .000 .154 

Total perceived challenges 1.440 .233 .013 

Subjective expertise Total perceived impact of AI on DT 102.3 .000 .742 

Total projected impact of AI on DT 5.39 .002 .131 

Total perceived challenges 16.30 .000 .314 

AI integration Total perceived impact of AI on DT 145.9 .000 .577 

Total projected impact of AI on DT 10.94 .001 .093 

Total perceived challenges 35.99 .000 .252 

Self-confidence Total perceived impact of AI on DT 475.5 .000 .899 

Total projected impact of AI on DT 25.34 .000 .321 

Total perceived challenges 9.904 .000 .156 

Gender had a significant effect on AI integration, as indicated by significant F-values for the total perceived 
impact of AI on design thinking (F = 29.18, p < 0.001), total projected impact of AI on design thinking (F = 8.755, p 
= 0.004), and total perceived challenges (F = 4.610, p = 0.034). Males had higher mean scores for the total 
perceived impact of AI on design thinking (4.05) compared to females (3.87). Similarly, males had slightly higher 
mean scores for the total projected impact of AI on design thinking (4.16) than females (4.14). Regarding total 
perceived challenges, males had a higher mean score (3.80) compared to females (3.65). 

Education level demonstrated significant effects on AI integration, with significant F-values for the total 
perceived impact of AI on design thinking (F = 222.8, p < 0.001), the total projected impact of AI on design thinking 
(F = 79.26, p < 0.001), and total perceived challenges (F = 78.63, p < 0.001). These results indicate that different 
education levels influenced the extent of AI integration. The mean scores varied based on participants' education 
levels. Participants with a bachelor's degree (4.18) and a Ph.D. (3.89) had higher mean scores for the total 
perceived impact of AI on design thinking compared to those with a diploma or short courses (4.00) or a master's 
degree (3.93). For the total projected impact of AI on design thinking, participants with a Ph.D. (4.49) and a 
master's degree (4.18) had higher mean scores compared to those with a diploma or short courses (3.91) or a 
bachelor's degree (3.98). In terms of total perceived challenges, participants with a diploma or short courses (3.80) 
had the highest mean score, followed by those with a master's degree (3.75), a Ph.D. (3.74), and a bachelor's 
degree (3.68). 

Years of experience in instructional design had a significant impact on AI integration, with significant 
effects on the total perceived impact of AI on design thinking (F = 186.8, p < 0.001), total projected impact of AI 
on design thinking (F = 15.40, p < 0.001), and total perceived challenges (F = 13.68, p < 0.001). Participants with 
varying years of experience showed differences in their engagement with AI integration. The mean scores varied 
based on participants' years of experience. For the total perceived impact of AI on design thinking, participants 
with less than 10 years of experience had a mean score of 3.99, those with 10 to 20 years had a mean score of 
3.98, and those with more than 20 years had a slightly lower mean score of 3.91. Regarding the total projected 
impact of AI on design thinking, participants with less than 10 years of experience had the highest mean score of 
4.18, followed by those with 10 to 20 years (4.13), and more than 20 years (4.06). For total perceived challenges, 
participants with less than 10 years of experience had the highest mean score of 3.820, followed by those with 10 
to 20 years (3.62), and more than 20 years (3.57). 

Awareness of AI in design thinking yielded significant effects only for the total perceived impact of AI on 
design thinking (F = 5.84, p = 0.017) and the total projected impact of AI on design thinking (F = 19.46, p < 0.001). 
Participants who reported "No" had the highest mean score for the total perceived impact of AI on design thinking 
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(4.21), followed by those who reported "To some extent" awareness (3.81), and those who reported "Yes" 
awareness (3.72).  

In terms of the total projected impact of AI on design thinking, participants who reported "No" had the highest 
mean score (4.27), followed by those who reported "To some extent" awareness (4.07), and those who reported 
"Yes" awareness (4.00). 

Subjective expertise regarding AI applications had significant effects on the total perceived impact of AI 
on design thinking (F = 102.3, p < 0.001), the total projected impact of AI on design thinking (F = 5.39, p = 0.002), 
and total perceived challenges (F = 16.30, p < 0.001). Participants with an "Advanced" level of subjective expertise 
had the highest mean score for the total perceived impact of AI on design thinking (4.53), followed by those with 
a "Basic" level (3.91), those with an "Intermediate" level (3.88), and those with a "Limited" level (3.79). Regarding 
the total projected impact of AI on design thinking, participants with an "Advanced" level of subjective expertise 
had the highest mean score (4.30), followed by those with a "Basic" level (4.26), those with an "Intermediate" 
level (4.17), and those with a "Limited" level (3.93). For total perceived challenges, participants with an 
"Advanced" level of subjective expertise had the highest mean score (3.75), followed by those with a "Basic" level 
(3.82), those with an "Intermediate" level (3.65), and those with a "Limited" level (3.79). 

The factor of AI integration itself had a significant effect on the total perceived impact of AI on design 
thinking (F = 145.9, p < 0.001), the total projected impact of AI on design thinking (F = 10.94, p = 0.001), and the 
total perceived challenges (F = 35.99, p < 0.001). Participants who have integrated AI technologies had a higher 
mean score for the total perceived impact of AI on design thinking (4.17) compared to those who have not 
integrated AI technologies (3.84). In terms of the total projected impact of AI on design thinking, participants who 
have integrated AI technologies had a mean score of 4.12, whereas those who have not integrated AI technologies 
had a slightly higher mean score (4.18). For total perceived challenges, participants who have integrated AI 
technologies had a mean score of 3.79, while those who have not integrated AI technologies had a lower mean 
score (3.70). 

Self-confidence in integrating AI effectively impacts the design thinking process and exhibited significant 
effects for the total perceived AI in design thinking (F = 475.5, p < 0.001), total projected impact of AI on design 
thinking (F = 25.34, p < 0.001), and total perceived challenges (F = 9.904, p < 0.001). Higher confidence levels were 
associated with increased AI integration. Participants who reported being somewhat confident had the highest 
mean score for the total perceived impact of AI on design thinking (4.44), followed by those who were extremely 
confident (4.10), very confident (3.99), and moderately confident (3.82). In terms of the total projected impact of 
AI on design thinking, participants who expressed being extremely confident had the highest mean score (4.35), 
followed by those who were very confident (4.20), somewhat confident (4.12), and moderately confident (4.07). 
For the total perceived challenges, participants who reported being very confident had the highest mean score 
(4.08), followed by those who were somewhat confident (3.84), moderately confident (3.47), and extremely 
confident (3.50). 

4. Discussion 

          The results of the current investigation shed light on the various factors that influence the integration of AI 
in design thinking. It is important to note that the findings are based on the specific sample used in this study and 
may not be universally applicable. However, they provide valuable insights into the relationship between different 
factors and AI integration. 

           Gender differences emerged in the perceived impact of AI on design thinking, with male instructional 
designers reporting higher mean scores compared to females. This suggests a potential difference in the 
receptiveness or optimism towards AI's potential in design thinking between genders. However, it is crucial to 
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consider the influence of individual biases and contextual factors when interpreting these results (Linke, 2017; 
McKinsey & Company, 2022; Rösch et al., 2023). 

Education level played a significant role in shaping the perception of AI's impact on design thinking. 
Participants with a bachelor's degree or a Ph.D. reported higher mean scores, indicating a deeper understanding 
and appreciation of AI's potential. This finding suggests that higher levels of education may contribute to a more 
informed perspective on the role of AI in design thinking (Beligatamulla et al., 2019). 

Years of experience in instructional design also influenced perceptions of AI's impact. Participants with 
less than 10 years of experience generally reported higher mean scores, indicating a greater openness to 
integrating AI technologies. However, they also expressed higher levels of perceived challenges, highlighting the 
potential difficulties they may face in incorporating AI into their design processes. This finding underscores the 
importance of providing support and resources to help less experienced instructional designers navigate AI 
integration (Foster, 2021). 

Awareness of AI implications in design thinking revealed interesting patterns. Participants with no 
awareness of AI reported higher mean scores for perceived and projected impact compared to those with some 
extent or full awareness. This suggests that individuals with limited awareness may have held higher expectations 
or beliefs about AI's potential impact. However, it is important to consider that awareness levels may influence 
designers' expectations and perspectives on AI's capabilities (Guzdial et al., 2019). 

Subjective expertise in AI applications had a significant influence on perceptions of AI's impact and 
challenges. Participants with higher levels of subjective expertise, particularly those with an "Advanced" level, 
reported higher mean scores. This indicates that individuals who consider themselves more knowledgeable or 
skilled in AI applications have a greater perception of its impact on design thinking and may encounter fewer 
challenges. This finding emphasizes the value of expertise and hands-on experience in effectively integrating AI 
into design processes (Foster, 2021). 

The factor of AI integration itself had a substantial effect on perceptions of AI's impact and challenges. 
Participants who had integrated AI technologies reported higher mean scores, indicating a more positive 
perception of AI's impact. This suggests that firsthand experience with AI integration enhances the perception of 
its benefits. However, participants who had not integrated AI technologies had slightly higher mean scores for the 
projected impact, potentially indicating more idealistic views of AI's future capabilities. The availability and 
feasibility of AI tools, platforms, and systems are also important considerations in design thinking (McKinsey & 
Company, 2022). 

Self-confidence emerged as a significant factor influencing perceptions of AI's impact and challenges. 
Higher levels of self-confidence were associated with higher mean scores for perceived and projected impact, 
indicating that individuals who are more confident in their ability to integrate AI effectively perceive it to have a 
greater impact. Additionally, higher self-confidence was associated with lower mean scores for perceived 
challenges, suggesting that confidence may contribute to overcoming potential obstacles or difficulties associated 
with AI integration (Chong et al., 2022). 

5. Conclusions  

             In conclusion, this study aims to contribute to our understanding of the factors influencing AI integration 
in design thinking and emphasize the importance of addressing gender differences, enhancing education and 
awareness, supporting early-career professionals, increasing awareness, and understanding, fostering 
collaboration and knowledge sharing, promoting hands-on experience, and building self-confidence to promote 
successful AI integration in design thinking processes. 
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These findings highlight the multifaceted nature of AI integration in design thinking. Factors such as 
gender, education level, experience, awareness, subjective expertise, AI integration, and self-confidence all play 
a role in shaping perceptions of AI's impact and challenges. Understanding these factors can inform the 
development of strategies to support instructional designers in effectively integrating AI technologies into their 
design processes. Future research should continue to explore these factors in different contexts and populations 
to further advance our understanding of AI integration in design thinking. 

Several suggestions can be derived to promote AI integration in design thinking. Firstly, addressing gender 
differences by providing targeted education and awareness programs can help create a more inclusive and 
equitable environment that encourages both genders to embrace AI technologies. Secondly, enhancing education 
and training programs across different educational levels can equip individuals with the necessary knowledge and 
skills for effective AI integration. Supporting early-career professionals through mentorship and resources can 
help them navigate challenges and build confidence in AI integration. 

Increasing awareness and understanding of AI capabilities through workshops and educational initiatives 
is crucial. Additionally, fostering collaboration and knowledge sharing among professionals with varying levels of 
expertise can contribute to a collective understanding and advancement of AI in design thinking. Promoting hands-
on experience with AI technologies, such as through pilot projects or workshops, can demonstrate their benefits 
and encourage integration. Lastly, building self-confidence and providing support through continuous learning 
opportunities and mentorship can enhance individuals' skills and confidence in utilizing AI effectively. 

 The study's findings are limited by the characteristics of the sample used, which may not be representative 
of the entire population. The reliance on self-reported measures introduces the possibility of response biases. 
Additionally, the study's focus on specific factors leaves out other potentially relevant variables. 

Future studies should aim to replicate the research with larger and more diverse samples to increase 
generalizability. Comparative analyses across different sectors or industries can provide insights into contextual 
variations in AI integration. Furthermore, exploring emerging AI technologies and their applications in design 
thinking can expand our understanding of their potential benefits. 

REFERENCES 
 
Beligatamulla, G., Rieger, J., Franz, J., & Strickfaden, M. (2019). Making Pedagogic Sense of Design Thinking in the Higher 

Education Context. Open Education Studies, 1(1), 91-105. https://doi.org/doi:10.1515/edu-2019-0006 
Campos Zabala, F. J. (2023). First principles for key areas needed for AI. In Grow Your Business with AI: A First Principles 

Approach for Scaling Artificial Intelligence in the Enterprise, 51-83. Berkeley, CA: Apress. 
https://link.springer.com/chapter/10.1007/978-1-4842-9669-1_3  

Chang, Y.-S., & Tsai, M.-C. (2021). Effects of design thinking on artificial intelligence learning and creativity. Educational Studies, 
1-18. https://doi.org/10.1080/03055698.2021.1999213   

Chong, L., Kotovsky, K., & Cagan, J. (2022). Are Confident Designers Good Teammates to Artificial Intelligence? A Study of Self-
Confidence, Competence, and Collaborative Performance. Proceedings of the Design Society, 2, 1531-1540. 
https://doi.org/10.1017/pds.2022.155   

Deitte, L. A., & Omary, R. A. (2019). The Power of Design Thinking in Medical Education. Academic Radiology, 26(10), 1417-
1420. https://doi.org/10.1016/j.acra.2019.02.012   

Farrell, L. (2020). AI and Adaptive Learning: The Future of Instructional Design. Cognota. https://cognota.com/blog/ai-and-
adaptive-learning-the-future-of-instructional-design/ 

Foster, M. K. (2021). Design Thinking: A Creative Approach to Problem Solving. Management Teaching Review, 6(2), 123-140. 
https://doi.org/10.1177/2379298119871468  

Gonzalez-Mohino, M., Rodriguez-Domenech, M., Callejas-Albiñana, A., & Castillo-Canalejo, A. (2023). Empowering Critical 
Thinking: The Role of Digital Tools in Citizen Participation. Journal of New Approaches in Educational Research, 12(2), 
258-275. doi:https://doi.org/10.7821/naer.2023.7.1385 

https://doi.org/10.18844/wjet.v16i1.9075
https://doi.org/doi:10.1515/edu-2019-0006
https://link.springer.com/chapter/10.1007/978-1-4842-9669-1_3
https://doi.org/10.1080/03055698.2021.1999213
https://doi.org/10.1017/pds.2022.155
https://doi.org/10.1016/j.acra.2019.02.012
https://cognota.com/blog/ai-and-adaptive-learning-the-future-of-instructional-design/
https://cognota.com/blog/ai-and-adaptive-learning-the-future-of-instructional-design/
https://doi.org/10.1177/2379298119871468
https://doi.org/10.7821/naer.2023.7.1385


Al-Zahrani, A. (2024). Unraveling the transformative role of Artificial Intelligence in design thinking proficiency among 
instructional designers. World Journal on Educational Technology: Current Issues. 16(1), 25-39. 
https://doi.org/10.18844/wjet.v16i1.9075 

 

38 
 

Guzdial, M. J., Liao, N., Chen, J., Chen, S.-Y., Shah, S., Shah, V., . . . Riedl, M. O. (2019). Friend, Collaborator, Student, Manager: 
How Design of an AI-Driven Game Level Editor Affects Creators. Proceedings of the 2019 CHI Conference on Human 
Factors in Computing Systems, 1-13. https://doi.org/https://doi.org/10.1145/3290605.3300854   

Hassan, R., Ali, A., Howe, C. W., & Zin, A. M. (2022). Constructive alignment by implementing design thinking approach in 
artificial intelligence course: Learners’ experience. AIP Conference Proceedings, 2433(1). 
https://doi.org/10.1063/5.0072986   

Heldal, F. (2023). Design thinking teams and team innovation performance. Journal of Innovation and Entrepreneurship, 12(1), 
85. https://link.springer.com/article/10.1186/s13731-023-00325-9  

Interaction Design Foundation. (2022). What is Design Thinking? https://www.interaction-
design.org/literature/topics/design-thinking  

Jiang, C., & Pang, Y. (2023). Enhancing design thinking in engineering students with project-based learning. Computer 
Applications in Engineering Education, n/a(n/a). https://doi.org/https://doi.org/10.1002/cae.22608   

Kannengiesser, U., & Gero, J. S. (2019). Design thinking, fast and slow: A framework for Kahneman’s dual-system theory in 
design. Design Science, 5, e10, Article e10. https://doi.org/10.1017/dsj.2019.9   

Kashive, N., Powale, L., & Kashive, K. (2020). Understanding user perception toward artificial intelligence (AI) enabled e-
learning. Campus-wide Information Systems, 38(1), 1–19. https://doi.org/10.1108/ijilt-05-2020-0090  

Kuo, J., Song, X., Chen, C., & Patel, C. D. (2021). Fostering Design Thinking in Transdisciplinary Engineering Education. In 
Advances in transdisciplinary engineering. IOS Press. https://doi.org/https://doi.org/10.3233/atde210083   

Lee, A. V. Y., Tan, S. C., & Teo, C. L. (2023). Designs and practices using generative AI for sustainable student discourse and 
knowledge creation. Smart Learning Environments, 10(1), 59. https://link.springer.com/article/10.1186/s40561-023-
00279-1  

Lee., S. (2020). Analysis of the effect of applying artificial intelligence (AI) education programs based on design thinking 
processes. The Journal of Korean Association of Computer Education, 23(4), 49–59. 
https://doi.org/https://doi.org/10.32431/KACE.2020.23.4.005   

Liedtka, J. (2023). Why Design Thinking Works. Harvard Business Review. https://hbr.org/2018/09/why-design-thinking-works  
Lin, X., Chen, L., Chan, K. K., Peng, S., Chen, X., Xie, S., Liu, J., & Hu, Q. (2022). Teachers’ Perceptions of Teaching Sustainable 

Artificial Intelligence: A Design Frame Perspective. Sustainability, 14(13), 1-20. 
https://doi.org/https://doi.org/10.3390/su14137811   

Linke, R. (2017). Design thinking explained. MIT Sloan. https://mitsloan.mit.edu/ideas-made-to-matter/design-thinking-
explained  

Markauskaite, L., Marrone, R., Poquet, O., Knight, S., Martinez-Maldonado, R., Howard, S., ... & Siemens, G. (2022). Rethinking 
the entwinement between artificial intelligence and human learning: What capabilities do learners need for a world 
with AI? Computers and Education: Artificial Intelligence, 3, 100056. 
https://www.sciencedirect.com/science/article/pii/S2666920X2200011X  

McKinsey & Company. (2022). How technology is shaping learning in higher education. McKinsey & Company. 
https://www.mckinsey.com/industries/education/our-insights/how-technology-is-shaping-learning-in-higher-
education#/  

Palacin-Silva, M., Khakurel, J., Happonen, A., Hynninen, T., & Porras, J. (2017, 7-9 Nov. 2017). Infusing Design Thinking into a 
Software Engineering Capstone Course. 2017 IEEE 30th Conference on Software Engineering Education and Training 
(CSEE&T), https://doi.org/10.1109/cseet.2017.41  

Rajaram, K. (2023). Learning Intelligence: Innovative and Digital Transformative Learning Strategies: Cultural and Social 
Engineering Perspectives. Springer Nature. 
https://books.google.com/books?hl=en&lr=&id=8kqtEAAAQBAJ&oi=fnd&pg=PR5&dq=Learning+Intelligence:+Inno
vative+and+Digital+Transformative+Learning+Strategies+Cultural+and+Social+Engineering+Perspectives&ots=MvFn
0ckTtu&sig=0_YbkqVJ_4TXUrcPK_TjcybqwrM  

Rösch, N., Tiberius, V., & Kraus, S. (2023). Design thinking for innovation: context factors, process, and outcomes. European 
Journal of Innovation Management, 26(7), 160-176. https://doi.org/10.1108/EJIM-03-2022-0164 

Tilbe, A. (2022). The symbiotic relationship between design thinking and AI: What design thinking can reveal to AI, and how 
AI can embrace design thinking. The intersection of Design Thinking and AI | UX Collective. Medium. 
https://uxdesign.cc/the-symbiotic-relationship-between-design-thinking-and-ai-ac38db258209  

https://doi.org/10.18844/wjet.v16i1.9075
https://doi.org/https:/doi.org/10.1145/3290605.3300854
https://doi.org/10.1063/5.0072986
https://link.springer.com/article/10.1186/s13731-023-00325-9
https://www.interaction-design.org/literature/topics/design-thinking
https://www.interaction-design.org/literature/topics/design-thinking
https://doi.org/https:/doi.org/10.1002/cae.22608
https://doi.org/10.1017/dsj.2019.9
https://doi.org/10.1108/ijilt-05-2020-0090
https://doi.org/https:/doi.org/10.3233/atde210083
https://link.springer.com/article/10.1186/s40561-023-00279-1
https://link.springer.com/article/10.1186/s40561-023-00279-1
https://doi.org/https:/doi.org/10.32431/KACE.2020.23.4.005
https://hbr.org/2018/09/why-design-thinking-works
https://doi.org/https:/doi.org/10.3390/su14137811
https://mitsloan.mit.edu/ideas-made-to-matter/design-thinking-explained
https://mitsloan.mit.edu/ideas-made-to-matter/design-thinking-explained
https://www.sciencedirect.com/science/article/pii/S2666920X2200011X
https://www.mckinsey.com/industries/education/our-insights/how-technology-is-shaping-learning-in-higher-education#/
https://www.mckinsey.com/industries/education/our-insights/how-technology-is-shaping-learning-in-higher-education#/
https://doi.org/10.1109/cseet.2017.41
https://books.google.com/books?hl=en&lr=&id=8kqtEAAAQBAJ&oi=fnd&pg=PR5&dq=Learning+Intelligence:+Innovative+and+Digital+Transformative+Learning+Strategies+Cultural+and+Social+Engineering+Perspectives&ots=MvFn0ckTtu&sig=0_YbkqVJ_4TXUrcPK_TjcybqwrM
https://books.google.com/books?hl=en&lr=&id=8kqtEAAAQBAJ&oi=fnd&pg=PR5&dq=Learning+Intelligence:+Innovative+and+Digital+Transformative+Learning+Strategies+Cultural+and+Social+Engineering+Perspectives&ots=MvFn0ckTtu&sig=0_YbkqVJ_4TXUrcPK_TjcybqwrM
https://books.google.com/books?hl=en&lr=&id=8kqtEAAAQBAJ&oi=fnd&pg=PR5&dq=Learning+Intelligence:+Innovative+and+Digital+Transformative+Learning+Strategies+Cultural+and+Social+Engineering+Perspectives&ots=MvFn0ckTtu&sig=0_YbkqVJ_4TXUrcPK_TjcybqwrM
https://doi.org/10.1108/EJIM-03-2022-0164
https://uxdesign.cc/the-symbiotic-relationship-between-design-thinking-and-ai-ac38db258209


Al-Zahrani, A. (2024). Unraveling the transformative role of Artificial Intelligence in design thinking proficiency among 
instructional designers. World Journal on Educational Technology: Current Issues. 16(1), 25-39. 
https://doi.org/10.18844/wjet.v16i1.9075 

 

39 
 

Trunk, A., Birkel, H., & Hartmann, E. (2020). On the current state of combining human and artificial intelligence for strategic 
organizational decision-making. Business Research, 13(3), 875-919. 
https://link.springer.com/article/10.1007/s40685-020-00133-x  

Vendraminelli, L., Macchion, L., Nosella, A., & Vinelli, A. (2022). Design thinking: strategy for digital transformation. Journal of 
Business Strategy, ahead-of-print(ahead-of-print). https://doi.org/10.1108/JBS-01-2022-0009   

Verganti, R., Vendraminelli, L., & Iansiti, M. (2020). Innovation and Design in the Age of Artificial Intelligence. Journal of Product 
Innovation Management, 37(3), 212-227. doi: https://doi.org/10.1111/jpim.12523  

Walter, Y. (2024). Embracing the future of Artificial Intelligence in the classroom: the relevance of AI literacy, prompt 
engineering, and critical thinking in modern education. International Journal of Educational Technology in Higher 
Education, 21(1), 15. https://link.springer.com/article/10.1186/s41239-024-00448-3  

Weller, A. J. (2019). Design Thinking for a User-Centered Approach to Artificial Intelligence. She Ji: The Journal of Design, 
Economics, and Innovation, 5(4), 394-396. https://doi.org/https://doi.org/10.1016/j.sheji.2019.11.015   

Xu, J., Chao, C., & Fu, Z. (2020). Research on Intelligent Design Tools to Stimulate Creative Thinking. In Lecture Notes in 
Computer Science (pp. 661–672). Springer Science+Business Media. https://doi.org/https://doi.org/10.1007/978-3-
030-49788-0_50    

https://doi.org/10.18844/wjet.v16i1.9075
https://link.springer.com/article/10.1007/s40685-020-00133-x
https://doi.org/10.1108/JBS-01-2022-0009
https://doi.org/10.1111/jpim.12523
https://link.springer.com/article/10.1186/s41239-024-00448-3
https://doi.org/https:/doi.org/10.1016/j.sheji.2019.11.015
https://doi.org/https:/doi.org/10.1007/978-3-030-49788-0_50
https://doi.org/https:/doi.org/10.1007/978-3-030-49788-0_50

