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 Integrating design thinking (DT) with software engineering (SE) is widely 

applied in industry, serving as a reference for SE in education and training. 

The industry has various integration models, but researchers and educators 

mainly adapt them for education. A clear understanding of DT-SE 

integration models is essential to figuring out their implementation. This 

study examines existing DT-SE integration models, challenges, and 

integration methods using Kitchenham’s framework in education and 

training. The paper was collected from ScienceDirect, IEEEXplore, Scopus, 

ACM, SpringerLink, and Google Scholar, yielding 593 initial publications, 

with 43 selected for in-depth analysis. Findings indicate that the d.school 

model is the most widely adopted DT model. Key challenges include team 

dynamics, process management, complexity, and cultural factors. DT is 

integrated into requirements engineering (RE) due to its user-centered 

nature, though only two studies explicitly describe DT-SE integration 

models, both applied early in SE processes. These findings suggest 

educational practices align with industry trends in model adoption and 

integration focus. Educators and practitioners can use these insights to 

design or adapt integration models suitable for education and training by 

shaping curricula that emphasize user-centered design, collaboration, and the 

extension of DT practices beyond RE-strengthening its impact for education 

and training. 
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1. INTRODUCTION 

Design thinking (DT) is an innovative approach that has gained significant traction across various 

sectors [1], including industry and education. It is frequently employed as a strategy for fostering innovation, 

serving as a solution-oriented methodology to address challenges in diverse fields, including those 

organizations face [2]. In the educational realm, DT has been successfully implemented across a range of 

disciplines, with software engineering (SE) standing out as a particularly notable example [3], [4]. Within 

SE, DT designs and develops impactful software solutions. The concept of “impactful” in this context refers 

to the creation of products that are not only innovative but also closely aligned with the specific needs and 

expectations of end-users. The adoption of DT in SE has resulted in the development of various software 

products, such as student information systems [5] and digital banking [6], among others, all aimed at 

enhancing human activities within the increasingly digital landscape. 

https://creativecommons.org/licenses/by-sa/4.0/
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This adoption is often facilitated through various learning schemes, such as workshops or training 

sessions, designed to equip teams with the necessary skills to implement DT effectively [7]. By observing 

DT’s successful application in industry, educational institutions have increasingly sought to incorporate it 

into their curricula [8] through teaching activities [9]. This trend aims to prepare students with the requisite 

knowledge and skills for DT application, ensuring they are well-equipped to contribute to future innovation 

efforts [8], [10]. Both industry and education sectors share a common goal in their initial adoption of DT: the 

development of skilled design thinkers who can produce human-centered innovations. Despite the growing 

interest in DT, investigation research on its integration with SE in education and training remains 

underexplored. There is a need for a more structured study to incorporate DT into SE education and training. 

While DT is acknowledged for fostering innovation and problem-solving, its application in SE education and 

training should be mapped to provide a clearer understanding of integration from existing studies. 

Systematic literature reviews (SLR) on SE and education have been widely conducted, with many 

studies focusing on applying methodologies for software development, particularly within industrial contexts. 

On the other hand, research focusing on implementing DT in SE education often emphasizes user experience 

(EX) design. Such studies explore how DT can enhance students’ skills within a project-based learning 

(PBL) framework. For instance, the work by Ferreira and Canedo [11] examines the application of DT using 

Google’s Design Sprint model in project based learning settings for UX design. The research indicated that 

the approach enhanced student engagement and UX quality. However, it is important to note that this study 

focused solely on student activities utilizing Google’s Design Sprint models and did not explore other DT 

models. Next, a study that delves into the integration of DT with agile software development (ASD) has been 

conducted. The study examines 29 papers to identify the DT model, challenges, and how to integrate DT with 

ASD [12]. This study highlighted various DT models in ASD, including ISO, IDEO, d.school, Google 

Design Sprint, and Double Diamond, alongside ASD models like XP, Lean, Kanban, and Scrum. Moreover, 

they emphasize the challenges during the integration, such as geographical differences, tight schedules, 

limited budgets, communication barriers, and resource allocation. This study focused on industry context and 

did not examine the application in an educational and training context.  

Similar to previous studies, Parizi et al. [13] investigate 127 papers that use DT within software 

development more broadly, addressing integration strategies such as Upfront DT, Infused DT, and 

Continuous DT, as proposed by [14]. This study provides valuable insights into DT techniques and selection 

criteria for software development, but it did not explicitly discuss the application of DT in educational or 

training contexts. In an education setting, the action research study compares ASD and DT approaches in a 

SE education setting [15]. In this study, two student teams employed Agile and DT methodologies over 16 

sessions within a regular course framework. The results suggest that Agile approaches are quicker, while DT 

offers deeper engagement with development uncertainties and fosters creativity and innovation. The results 

of this study indicate the critical role of DT in learning. However, the findings need to explore further the 

different DT models used, as varying stages can significantly impact project completion speed. 

Given the current circumstances, exploring how DT can be effectively integrated into SE in 

education and training is essential. Identifying the most widely used DT models combined with ASD is a key 

step. Understanding challenges in DT implementation-both external and internal-will help improve its 

application in learning environments. Since DT can be applied at various stages of SE, optimizing its use in 

software development is crucial. Therefore, the primary aim of this research is to comprehensively study the 

application of DT and SE within education and training, covering models, challenges, and the proposed 

integration models. Ultimately, this study contributes as a reference for both educators and practitioners 

implementing or developing DT integrated with SE in education and training settings. Aside from this, this 

study supports researchers in expanding future research efforts in DT integrated with SE towards other 

potential directions, such as product evaluation and security analysis. 

This research is systematically structured to ensure clarity and coherence. The introduction presents 

the research problem, includes the study’s objective, and outlines its contribution by reviewing relevant 

previous studies. The methodology section explains the approach and stages of this study. The results and 

discussion section provides detailed findings and analysis at each stage, thoroughly interpreting the results 

and comparing them with similar studies. Finally, the conclusion section highlights the research contributions 

and suggests directions for future work. 

 

 

2. METHOD 

The research utilized Kitchenham’s framework for SLR, a method acknowledged for its systematic 

approach to synthesizing academic findings. This methodology encompasses three pivotal phases: planning 

the review, conducting the review, and reporting the review [16], [17]. Initially, the planning phase involves 

formulating research questions, elaborating a detailed methodological strategy, determining inclusion and 

exclusion criteria for studies, and selecting digital libraries for the literature search. This stage is crucial for 
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establishing a clear and methodologically sound foundation for the review. After this, the conducting phase 

comprehensively searches related literature within the selected digital libraries, employing a systematic 

selection process based on predefined quality criteria and extracting relevant data from the identified papers. 

This phase is essential for selecting literature into a focused subset of pertinent research. The final stage of 

the process, the reporting phase, synthesizes the findings, addressing the research questions while providing 

written and visual explanations of the outcomes. It also includes an extensive analysis of the review results, a 

discussion of the limitations encountered, and proposes directions for future research. This meticulous 

approach ensures the thoroughness and reliability of the study’s outcomes.  

The methodology section will thoroughly explain the comprehensive stages of planning. The results 

section will discuss the conducting review and reporting stages in detail. The research stages based on are 

illustrated in Figure 1. 

 

 

 
 

Figure 1. Research framework adopted from Kitchenham’s framework 

 

 

2.1.  Research questions 

This research explores DT and SE integration in education and training by examining existing DT 

models and integration models and identifying challenges. It seeks to use these findings to propose new 

models to improve SE through DT, specifically within education and training. This exploratory approach will 

not only assess current integration strategies but also contribute to the development of innovative methods to 

enhance the quality of SE with DT support. Based on the research aims, the research questions proposed in 

this study are: 

− RQ1: what is the most commonly used DT model applied in SE education and training? 

− RQ2: what challenges are encountered in integrating DT with SE in education and training? 

− RQ3: what are the stages where DT is utilized in SE education and training? 

− RQ4: which research shows the DT and SE integration model in their works? 

 

 

2.2.  Keywords and resources 

A set of specific keywords was carefully selected to conduct the literature search and ensure a 

focused and comprehensive retrieval of relevant studies. The chosen keywords included “design thinking,”  

“software development,” “software engineering,” “education,” “software engineering course,” and “training,” 

covering a broad range of topics related to integrating DT and software engineering in education and training. 

The research utilized a variety of leading academic databases and digital libraries, including Scopus, 

Google Scholar, SpringerLink, Elsevier Science Direct, IEEE Xplore, and the Association for Computing 

Machinery (ACM). These sources were chosen for their comprehensive collections of peer-reviewed 

journals, conference papers, and scholarly publications, ensuring the literature review was based on rigorous 

and pertinent research. This diverse range of databases also aimed to encompass a broad spectrum of insights 

and discoveries in the field. 
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2.3.  Inclusion criteria 

The selection criteria for papers included in this study were designed to ensure that only the most 

relevant and high-quality research was considered. First, the papers needed to focus on research within SE, 

software development, ASD, and DT. This criterion ensured that the studies were related to integrating these 

methodologies within educational and training contexts. Second, the selected studies had to specifically relate 

to education and training, ensuring the research applied to enhancing educational frameworks and training 

programs. Third, only research papers written in English were considered, specifically those published as 

journal articles, conference papers, or book chapters, to maintain a consistent language and format for 

analysis. Lastly, the papers must be published within the last five years, between 2020 and 2024, to ensure 

that the study was based on the most recent advancements and trends. This time frame was selected to reflect 

the current research and practices in DT and SE as applied to education and training. 

A systematic process was followed during the second stage, “conducting the review” to ensure that 

all papers met the specified criteria [16]. This process involved several steps to guarantee that only the most 

relevant and high-quality research was included in this study: 1) evaluating the relevance of each paper based 

on its title and eliminating any duplicates to maintain unique papers. At this stage, paper titles were selected 

in detail to see if they contained elements of DT application with SE 2) performing a quality assessment by 

analyzing the abstracts to determine their appropriateness for the study. The part of the reviewed abstract 

includes the research objective, method, and results, and 3) thoroughly reading the full text of the selected 

papers to obtain a deeper and more detailed understanding of each study. At this stage, a thorough study 

was conducted on whether the papers discussed the DT model, the challenges faced in integration, in 

which SE stage DT was applied in their studies, and whether or not they depicted their integration model 

visually. 

 

2.4.  Reporting 

The reporting section represents the final stage of this research. This section will extract and 

organize information about the research questions, including tables and charts. The study is conducted 

comprehensively for all selected papers. The primary reference for the DT model is the study by Pereira and 

Russo [12]. Relevant references include the SE stages and integration strategies for the implementation of DT 

in the SE stage [14]. Detailed reporting results are presented as answers to all RQs. 

 

 

3. RESULTS AND DISCUSSION 

This section presents the results obtained during the conducting the review and reporting stages of 

the Kitchenham framework. 

 

3.1.  Conducting the review result 

In this stage, a search was performed using targeted keywords across each chosen digital library. 

Alongside using keywords, filtering options were applied within each digital library according to the features 

available on the respective platforms. These filtering options included selecting the type of papers, such as 

review articles, conference papers, or journal articles, with all publications specifically related to computer 

science. The results from this initial search are shown in Table 1. 

 

 

Table 1. First search result 
Source Constraints Keyword Result 

(papers) 

Science 
Direct 

− Review and research articles, 

book chapters 

− Computer science subject areas 

“Design thinking” AND “software engineering” AND 
(“education” OR “training”) 

44 

Google 

Scholar 
− Review articles “Design thinking” AND “software engineering” AND 

(“education” AND “training”) 

262 

IEEE Xplore − Conferences and journals (“All metadata”: Design thinking) AND (“all metadata”: 
Software Engineering) AND ((“All Metadata”: education) AND 

(“all metadata”: training)) 

109 

Scopus − Computer science subject areas 

− Conferences and journals 

“Design thinking” AND “software engineering” AND 
(“education” OR “training”) 

18 

SpringerLink − Article and research article 

− Computer science subject areas 

“Design thinking” AND “software engineering” AND 
(“education” OR “training”) 

23 

ACM − Journal and proceeding “Design thinking” AND “software engineering” AND 

(“education” OR “training”) 

137 
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The initial search yielded many selected papers, with Google Scholar contributing the most results 

(262), followed by ACM (137) and IEEE Xplore (109). In Stage 2, the relevance of the selected papers from 

each digital library was meticulously evaluated. Relevance was determined by examining whether the titles 

incorporated the specified keywords or their synonyms. Papers not meeting these criteria were excluded, 

eliminating 316 papers irrelevant to the research. Google Scholar produced the most irrelevant results of 

these eliminated papers, followed by ACM and IEEE Xplore. Additionally, duplicate publications across 

different digital libraries were identified and removed. Several publications were found to be duplicated in 

both Google Scholar and Scopus, as well as in other digital libraries. The outcomes of the paper filtering 

process in Stage 2 are shown in Table 2. 

The next step involved filtering papers in Stage 3. In this stage, papers were selected by assessing 

their quality based on their abstracts. 153 papers were analyzed and evaluated for quality by examining the 

clarity of their research objectives. Overall, the selected papers were high quality and suitable for inclusion in 

this study. However, regarding relevance to the study’s objectives and methodology, some papers were 

deemed not applicable. Specifically, it was identified that certain papers did not explicitly address DT but 

instead focused on approaches similar to DT, such as user-centered design, human-centered design, and 

lean startup. Additionally, some papers should have discussed SE activities within the context of education 

and training, falling outside this research’s scope. The results of the Stage 3 are presented in Table 3 

(Stage 3). 

After selecting 56 papers, the next step involved extracting and synthesizing information by 

thoroughly reading the full content of each selected paper. This phase represents the final stage of the 

conduct the review process, where further elimination of papers that need to be more relevant based on 

content synthesis is still possible. Initially, 56 papers were selected, but 43 were chosen as key references for 

this study, excluding 13. The excluded papers generally did not focus on DT as the primary topic of their 

research, only briefly mentioning DT within their discussions. The results of the paper selection process in 

this stage are presented in Table 3 (Stage 4). 

In conclusion, the conducting the review phase began with an initial search that identified 593 

papers based on predefined keywords. Following the first stage, which involved reviewing titles and 

removing duplicates, 153 papers were selected for further analysis. The second stage entailed a quality 

assessment by evaluating the abstracts, resulting in the selection of 56 papers. The final stage involved a 

comprehensive review of the full content of these papers, during which information was extracted and 

synthesized to assess each paper’s contribution to the research. Ultimately, 43 papers were chosen as key 

references. This process ensured that only the most relevant and high-quality sources were included in this 

study. The overall result for each stage in conducting the review phase is shown in Figure 2. 

 

 

Table 2. Stage 2 result 
Source Duplicate Exclude Include Total 

Science Direct 
 

17 27 44 
Google Scholar 13 216 33 262 

IEEE Explore 
 

64 45 109 

Scopus 4 10 8 18 
SpringerLink 

 
9 14 23 

ACM  111 26 137 

Total 17 427 153 593 

 

 

Table 3. Stage 3 quality assessment and stage 4 extraction and synthesis 

Source 
Stage 3 quality assessment Stage 4 extraction and synthesis 

Exclude Include Total Exclude Include Total 

Science Direct 19 8 27 2 6 8 
Google Scholar 29 4 33 3 1 4 

IEEE Explore 21 24 45 5 19 24 

Scopus - 8 8 1 7 8 
SpringerLink 10 4 14 2 2 4 

ACM 18 8 26  8 8 

Total 97 56 153 13 43 56 

 

 

3.2.  Papers descriptive analysis 

As discussed in section 3.1, the number of papers selected for this study is 43. Among these are 14 

journal articles, 28 conference papers, and 1 book chapter. Additionally, the types of study conducted in all 

selected papers are illustrated in Figure 3. 
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Figure 2. Conducting the review result 

 

 

 
 

Figure 3. Study type 

 

 

Based on Figure 3, it can be observed that case study and model development research types are the 

most frequently selected in this study. This aligns with the study’s objective of integrating DT with SE. 

Furthermore, the distribution of publication years for the selected papers is shown in Figure 4. The figure 

indicates that only one paper from the year 2024 was selected, as opposed to the previous years, which 

showed an upward trend for both journal and proceeding articles. Therefore, research in this domain has great 

potential to be explored. 

 

 

 
 

Figure 4. Paper by year 
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3.3.  Research question 

3.3.1. RQ1 what is the most commonly used DT model applied in SE education and training? 

Based on the findings by Russo and Pereira [12], at least five DT models are widely utilized today. 

Large companies such as IBM and SAP have also introduced their DT models. Therefore, the most 

frequently used DT models in the 43 research papers reviewed can be seen in Table 4. 
 

 

Table 4. Design thinking model 
Design thinking model Phases and activities Reference 

IDEO by international design and consulting firm Inspiration, ideation, and implementation [12], [18] 

Institute of design at Stanford (d.school) Empathize, define, ideate, prototype, test [12], [18] 

International organization for standardization (ISO): human-
centered design for interactive systems 

Understand, specify, produce, evaluate [12], [18] 

Google design sprint Understand, sketch, decide, prototype, validate [12], [18] 

Austin center for design, educational program Ethnography, synthesis, prototyping [12] 
Design council UK, double diamond Define strategy (understand, define) and execute solution 

(explore, create) 

[12] 

IBM design thinking Observe, reflect, make [18] 
SAP Plan, research, design, adapt, measure [19] 

 

 

Of the 43 papers, 11 did not explicitly mention the DT model they used in their research. Although 

these papers did not specify the DT model, it is possible to identify it based on the DT phases mentioned in 

the studies. However, these papers did not explain the detailed DT phases of their research. As a result, these 

11 papers were categorized as not explicitly identifying the DT model used. Furthermore, the breakdown of 

DT models used in the remaining 32 papers is as follows: 1) d.school in 25 papers, 2) combination models in 

3 papers, 3) Google Design Sprint in 2 papers, 4) Double Diamond in 1 paper, and 5) IDEO in 1 paper. 

Therefore, the most widely used model in SE for education and training is the d.school model. This result is 

confirmed by a prior study [18] based on their investigation through the survey approach in a particular 

region; the most used model in SE is d.school. 

 

3.3.2. RQ2 what challenges are encountered in integrating DT with SE in education and training? 

The challenges were identified by detecting the issues raised in each paper reviewed. These 

challenges were then collected and categorized based on their semantic similarities, leading to the grouping 

of challenges into several main categories: team, process and management, complexity, and culture. These 

main challenges were structured according to the sub-challenges discussed across the papers. Notably, some 

papers explicitly mentioned more than one challenge within their research. The details of the main challenges 

and their subcategories are presented in Table 5. 

 

 

Table 5. Main challenge categories 
No Main challenges Challenges Paper 

1 Complexity Managing complexity, technical complexity, managing complex project 

dynamics, diverse needs and objectives 

[6], [20]-[27] 

2 Culture Cultural shifting, cultural issues, cultural barriers, mindset change, different 

values, different stakeholders, organization resistance, fostering culture, gap 

business value and management 

[7], [23], [28]-[31] 

3 Process/ 

Management 

Resource allocation, scheduling, balancing activities, misalignment, balancing 

creativity and iterative process, technical constraints, gap business value and 

management Implementation issues, online and offline activities, tools, 
documents, lack of user interaction 

[29], [30], [32]-[43] 

4 Team User research issues, team understanding, unclear clients need, poorly written 

documents, miscommunication, inconsistent activities, collaboration, failure to 
capture user needs and expectations, team dynamics, difficulty in aligning team 

ideas, technical barriers between developer 

[5], [11], [21], [22], 

[27], [28], [30], [32], 
[33], [43]-[58] 

 

 

Figure 5 reflects the order of challenge categories by the number. The order is papers, team, 

process/management, culture, and complexity. It can be concluded that the primary challenge in integrating 

DT with SE in education and training lies within the team. The sub-challenges related to the team involve the 

ability of members to apply DT when combined with SE practices effectively. These challenges encompass 

crucial aspects such as communication, collaboration, understanding, team dynamics, and documentation. 

The team’s ability to navigate these areas is vital to the success of DT-SE integration, highlighting the 

importance of strong team dynamics in the educational context. 
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Figure 5. Challenges based on paper 

 

 

Compared to research on requirements engineering (RE) in SE in education [17], it is evident that 

client orientation, interviewing, collaboration, and communication skills are essential for teams, particularly 

for RE engineers. These skills align closely with the challenges identified in this study, especially those 

related to team functionality. The necessity of these skill sets poses a significant challenge when 

implementing the integration of SE and DT, underscoring the critical importance of team competence in this 

context. Therefore, studies focused on strengthening team capabilities in applying DT-SE in education and 

training not only address current challenges but also present a promising area for future research 

development in this field.  

Several studies have proposed various solutions to the challenges outlined in Table 5. In the context 

of team dynamics, particularly in collaboration and communication, the study [22] developed multiple 

communication tools and reminder cards to enhance the quality of team collaboration. This innovation 

ensures all team members remain connected and aligned in their tasks. Similarly, a study [44] integrated SE 

activities with DT in a problem-based learning (PBL) model. This approach allows for directly applying DT 

principles within SE, ensuring that software development is more structured and focused on creative 

solutions. Additionally, DT plays a role in the evaluation process to ensure that students acquire technical 

skills and continue to develop in line with industry needs [32]. In terms of process and management, various 

approaches have been developed. Tools such as a DT toolbox [30] and a persona-based assessment 

framework [32] are crucial to helping teams manage SE processes effectively. Furthermore, the development 

of the discovery effort worthiness (DEW) Index [35] and the creation of a digital innovation environment 

contribute to balancing the application of SE and DT [36]. Combining DT with other approaches helps create 

a more adaptive environment and effective project management. 

The complexity of software development is addressed not only with advanced management tools but 

also by utilizing AI to support automation and faster decision-making [21]. Developing better collaboration 

tools and DT models integrated with co-creation methods enhances user involvement in the development 

process [6], [27]. A “design for real people” approach was created to ensure the team remains focused on 

end-user needs [25]. Addressing this complexity is further facilitated by aligning organizational values with 

individual team members’ values, fostering greater collaboration within the development team [29]. On the 

other hand, cultural challenges have become the last challenges in this study. Research indicates that one-day 

workshops focused on DT application for professionals are an effective strategy for addressing cultural issues 

in the workplace [7]. A DT integrated with a SE framework is also used as a guideline for handling cultural 

challenges [23], [29]. The fundamental solution to these issues is ensuring software developers adapt to the 

DT model more profoundly and comprehensively, fostering a culture of innovation and collaboration within 

the organization [31]. 

 

3.3.3. RQ3 what are the stages where DT is utilized in SE education and training? 

Identifying DT application within SE stages in education and training was done by thoroughly 

examining how DT was implemented and the objectives achieved in the reviewed studies. For studies that 

depicted the integration of DT with SE, the identification process involved analyzing the DT stages within 

the presented model. In contrast, for studies that did not explicitly describe the model used, the identification 

was based on the outputs produced by DT and their relationship with SE. 

The study’s findings reveal that most DT applications are integrated with RE activities (30 papers), 

primarily gathering detailed information about understanding user needs and expectations. The second most 

common application of DT, found in 6 papers, is in team development, aimed at equipping teams with the 

skills necessary to perform their roles as software developers. The distribution of DT integration stages with 

SE is illustrated in Table 6. 
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Table 6. DT integration in SE stage 
Stage in SE Study (Paper) Percentage (%) Integration strategy 

Product evaluation 2 4.65% Infused DT 
RE activities 30 69.77% Upfront DT 

Risk/security analysis 1 2.33% Infused DT 

Team development 6 13.95% Considered as Upfront DT 
Whole process 4 9.30% Continuous DT 

Total 43 100.00%  

 

 

The integration of DT with software development, as outlined in Table 6, can be mapped based on 

the integration strategies proposed by Hehn et al. [14] and utilized by Parizi et al. [13]. These studies 

introduce the following terms: 1) Upfront DT, where DT is applied at the early stages of software 

development to understand customer needs and identify necessary software features; 2) infused DT, where 

DT is used as a tool to support existing RE activities; and 3) continuous DT, where DT is employed 

throughout the entire software development process. Based on this framework, the selected papers were 

mapped according to their respective integration strategies, as shown in Table 6 (integration strategy). This 

mapping provides a clear overview of how DT is integrated with software development in various research 

contexts, highlighting the different approaches taken to incorporate DT into the SE stages. 

Product evaluation and risk/security analysis are categorized under infused DT because DT 

activities are used as tools to conduct evaluations and security analyses. In contrast, team development is 

considered upfront DT since DT is applied before the initial processes of SE, indicating that DT is utilized at 

the very start of the software development process. This approach ensures that the foundational aspects of the 

project, such as understanding user needs and defining necessary features, are well-established before 

moving forward. The research by Parizi et al. [13] supports this classification, asserting that upfront DT is the 

most commonly employed strategy in previous studies. This finding aligns with the current research results, 

confirming that upfront DT is also the most frequently used strategy in integrating SE with DT in education 

and training. This consistency highlights a prevalent preference for beginning software development with DT 

to ensure a comprehensive understanding of user needs and expectations from the outset, thereby enhancing 

the effectiveness of the development process. 

 

3.3.4. RQ4 which research shows the DT and SE integration model in their works? 

Not all studies explicitly describe the DT-SE integration model in their report. Only two of the 43 

papers reviewed present an integration model. Alhazmi and Huang [43] introduce the integration of DT with 

the Scrum framework, utilizing an Upfront strategy where DT is applied at the beginning of the process to 

manage RE activities, resulting in outputs such as user stories and product backlogs. This model involves the 

incorporation of DT into Scrum iterations to accommodate adjustments in RE when a sprint has been 

completed. A visual representation of this model can be seen in Figure 6. 

 

 

 
 

Figure 6. DT and scrum integration model [43] 

 

 

This study employs the d.school DT model. The investigation shows that discussions on this 

integration DT model validation still need to be published, leaving its feasibility unconfirmed. Currently, the 

model’s practicality and effectiveness need empirical evidence. Further research is necessary to establish its 

applicability. This presents an opportunity for future research to implement, test, or modify the application of 
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the d.school model in these contexts. The study informs that several considerations should be considered 

when implementing this model. These include the complexity of the project scope, the experience level of the 

development team, and the clarity of the client’s requirements. Addressing these factors is crucial for 

successfully applying the d.school model in educational and industrial environments. 

Further, a study [6] developed an integrated model combining co-creation, DT, and ASD, 

specifically targeting digital banking innovation. The model is designed to present the roles of each approach, 

ensuring a structured and coherent process throughout. The implementation begins with the co-creation 

phase, where requirements are gathered, ensuring that diverse perspectives and insights are incorporated into 

the project’s foundation. This collaborative approach allows identifying essential requirements and 

challenges from multiple sources, enriching the initial input. The DT phase generates ideas and creative 

solutions to address the identified needs. During this stage, outputs such as product canvases, user stories, 

and other design tools are produced, which serve as concrete guides for the development process. The 

development phase is then carried out using the ASD methodology (Scrum). The requirements gathered 

earlier are refined into a product backlog managed through Scrum’s iterative and incremental development 

practices. This ensures that the product evolves through continuous feedback and adaptation, aligning with 

agile principles. The development process follows a structured approach where the product backlog items are 

prioritized and completed in cycles. Once the development phase is complete, the final product is ready for 

implementation, having undergone multiple iterations to ensure its alignment with user needs and project 

goals. A detailed depiction of this integrated model is presented in Figure 7. 

Like the previous model, the developed model has yet to be officially published regarding its 

outputs. There is no evaluation of the model that can serve as a reference for further development. 

Additionally, this model only applies DT during the ideation phase, while the empathize and define phases 

are replaced by co-creation. Therefore, there are still opportunities for the further development, 

implementation, and evaluation of this model. 

 

 

 
 

Figure 7. DT in the digital banking development process [6] 

 

 

3.4.  Discussion and limitation 

This study reviewed 593 papers on DT integration with SE in education and training, subsequently 

selecting 43 key references. The Stanford d.school model was the most commonly applied (25 papers), 

followed by Google Design Sprint, Double Diamond, and IDEO. As a result, the most common issues 

observed in these works are categorized according to challenges, that were described in section 3.3.2. The 

challenges were categorized into team, process and management, complexity, and culture. Among the four 

categories, team challenges are the primary concern in implementing SE with DT, a trend consistent with DT 
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research in a broader context. While solutions like tool development, frameworks, and evaluation methods 

exist, opportunities remain, particularly with generative AI, which is currently trending [46]. DT is mainly 

applied in RE [14], [59] due to its user-centered nature; however, its use in product evaluation and security 

analysis presents new research possibilities Because, at that stage, client/user involvement is essential in 

implementing it. Notably, only two studies explicitly described DT-SE integration models-one applied DT 

throughout the RE process [43], while the other focused on ideation [6]. Both generated backlogs from user 

stories and used Scrum. 

Aside from this, there are notable differences and similarities that this study has discovered, 

compared to earlier studies conducted in the industry. On one hand, this study revealed that the d.school 

model from Stanford is the most widely adopted DT model, aligning with the findings by Parizi et al. [13] 

yet contrasting with the earlier findings by Russo and Pereira [12], which identified ISO as the prevailing 

model in the industry from 2008 to 2017 (see section 3.3.1). This transition indicates a shift within the 

industry from ISO to the d.school model over the past five years, a trend also mirrored in SE in education and 

training. The primary challenge highlighted is related to team dynamics, encompassing understanding, 

communication, and knowledge barriers, while the industry grapples with integration challenges and model 

selection, as noted by Russo and Pereira [12]. Furthermore, Parizi et al. [13] point out a deficiency in DT 

knowledge among teams, whereas in education, the emphasis lies more on developing soft skills. On the 

other hand, both this study and the previous findings by Parizi et al. [13] found that DT is mainly 

incorporated at the RE stage in SE (Upfront DT), whereas Russo and Pereira [12] noted a more extensive 

integration throughout SE. Overall, the findings of this study closely resonate with those of Parizi et al. [13] 

regarding model adoption, the challenges faced, and the stages of integration. This consistency is 

understandable given the differing timeframes examined: this study focuses on current developments from 

2020 to 2024, while the work by Parizi et al. [13] considered 2010 to 2021, and Russo and Pereira [12] 

covered 2008 to 2017. Finally, one unexpected finding is the limited number of studies that explicitly 

visualize DT-SE integration models, suggesting a gap in structured frameworks for implementation. On the 

other hand, these insights suggest that SE in education and training aligns with industry trends, emphasizing 

both technical knowledge and soft skills, at least up to 2021. 

This study comprehensively demonstrates that the integration of DT and SE in education and 

training aligns with its implementation in the industry regarding DT models, challenges, integration stage, 

and model. Although the challenges differ slightly, this is reasonable, as the primary focus of education and 

training is skills development. Furthermore, these findings contribute to educators and practitioners figuring 

out how to integrate DT and SE in education. Based on these findings, they could use or develop an 

integration model useful in education and training settings by applying these insights to shape curricula that 

emphasize user-centered design and collaboration. However, this study has limitations, such as excluding 

grey literature in the DT-SE integration model. Some models may not be published in peer-reviewed papers, 

meaning reports or technical documents discussing these topics were omitted, which could result in an 

incomplete capture of implementation outcomes. Furthermore, the potential future research, such as applying 

alternative DT models, proposing solutions to DT and SE integration challenges, especially in student team 

issues, exploring DT and SE integration beyond RE, and implementing and testing integration models 

developed in previous studies in education and training. 

 

 

4. CONCLUSION 

This study successfully identifies and analyzes relevant research on integrating DT and SE in 

education and training. Findings indicate that the d.school model, developed by Stanford, is the most widely 

adopted DT approach. However, alternative models such as Google Design Sprint, Double Diamond, and 

IDEO play significant roles. While the d.school model dominates, there is potential for alternative DT 

models, presenting opportunities for further research and application. Additionally, a comparison with 

previous studies reveals a shift in industry trends, with ISO being the dominant model until 2017, followed 

by the increasing adoption of d.school in both industry and education. However, while SE in education aligns 

with industry trends, model adoption in education is primarily driven by researchers and educators rather than 

direct industry adoption. 

The study categorizes key challenges into four areas: team, process and management, complexity, 

and culture, with team-related issues being the most critical. A notable finding is that team challenges, such 

as understanding, communication, and knowledge barriers, are more prominent in education, whereas 

industry struggles more with integration processes and model selection. This is consistent with previous 

studies, which identified DT knowledge gaps in teams as a significant challenge. Existing solutions, 

including tools, frameworks, and evaluation methods, have shown progress, but only two studies explicitly 
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define DT-SE integration models, both of which apply DT early in SE processes. The study also highlights 

the potential role of emerging technologies, such as generative AI, in addressing these challenges. 

Finally, this study acknowledges the limitation of excluding grey literature, which may have 

resulted in an incomplete representation of available knowledge. Future research should consider a broader 

range of sources to develop structured integration frameworks, address team-related challenges, and expand 

DT applications beyond RE. Additionally, as SE in education continues to evolve, further exploration of how 

education can better adopt and adapt industry-based DT integration models is necessary to bridge the gap 

between academic research and industry practices. These findings also support educators and practitioners in 

selecting or developing integration models tailored for educational settings, helping shape curricula that 

emphasize user-centered design and collaboration. 
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