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Software development relies on effective collaboration between Software Development Engineers (SDEs)
and User eXperience Designers (UXDs) to create software products of high quality and usability. While this
collaboration issue has been explored over the past decades, anecdotal evidence continues to indicate the
existence of challenges in their collaborative efforts. To understand this gap, we first conducted a systematic
literature review (SLR) of 45 papers published since 2004, uncovering three key collaboration challenges
and two main categories of potential best practices. We then analyzed designer and developer forums and
discussions from one open-source software repository to assess how the challenges and practices manifest in
the status quo. Our findings have broad applicability for collaboration in software development, extending
beyond the partnership between SDEs and UXDs. The suggested best practices and interventions also act as
a reference for future research, assisting in the development of dedicated collaboration tools for SDEs and
UXDs.

CCS Concepts: • Human-centered computing → Collaborative and social computing; • Software and
its engineering→ Collaboration in software development.

Additional Key Words and Phrases: Collaborative Software Development, User Experience Design, Designer-
Developer Collaboration, Meta-Analysis, Literature Review

ACM Reference Format:
Shutong Zhang, Tianyu Zhang, Jinghui Cheng, and Shurui Zhou. 2025. Who is to Blame: A Comprehensive
Review of Challenges and Opportunities in Designer-Developer Collaboration. Proc. ACM Hum.-Comput.
Interact. 9, 2, Article CSCW207 (April 2025), 33 pages. https://doi.org/10.1145/3711105

1 Introduction
In the collaborative software development process, multiple groups of experts with diverse back-
grounds need to collaborate to achieve a common goal. With the increasing demand for human-
centred design and software usability, the collaboration between designers and developers has
become a key factor in the achievement of success of software development. Numerous widely
recognized software development models, such as waterfall [12, 15] and agile [13], encompass
multiple phases that engage both software development engineers (SDEs) and user experience
designers (UXDs), such as requirement elicitation, design exploration and specification, and us-
ability verification and validation [72, 73]. Although there are a lot of discussions in the industry
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about how to achieve an effective UXD-SDE collaboration, these discussions are scattered and not
synthesized. It remains uncertain how the two groups should coordinate their efforts at specific
stages of the development process and how they can collaborate efficiently and communicate
effectively.

UX design, first introduced in the human-computer interaction (HCI) community, aims to enhance
user satisfaction when interacting with systems or products [47]. After more than a decade of
development and evolution, UX design has cultivated its own methodologies and procedures, many
of which also follow a central lifecycle comprising stages such as analysis, design, prototyping,
and evaluation [45, 47]. When comparing the UX lifecycles with those specified in classic SE
literature, several points coincide or exhibit similarities. Nevertheless, the disparity between these
two disciplines, potentially introduces complexities and challenges that often hinder effective
collaboration.

In recent years, there has been an increasing number of literature exploring how to better inte-
grate software engineering (SE) and UX design [57, 60, 61]. Several systematic literature reviews
(SLRs) have focused on the idea of integrating UX design into agile model [19, 70, 85, 103], sum-
marizing the distinction between agile and UX design [103], with a focus on the integration [101],
new frameworks that combine common practices and processes [70], and UX management ap-
proaches [52]. Other research has examined the integration of SE and UX through various angles,
such as processes, artifacts, and training. For example, a literature review explored the training
of software development engineers in usability engineering [18], while two mapping studies con-
centrated on usability evaluation [83] and the artifacts used for communication [40]. However,
most of these studies have only concentrated on single aspects of the problem, resulting in a
fragmented understanding (see detailed summary in Section. 2). Additionally, it is crucial to refresh
the collection of published papers up to date in order to comprehend current practices and concerns
and augment academic research findings with the insights and perspectives of practitioners.

Therefore, in this research, we undertake a study that emphasizes a holistic understanding of the
interaction between the two groups of experts. We aimed to achieve this through a broad systematic
literature review, supplemented by the analysis of discussions in forums and open-source issue
trackers. We aim to gain a qualitative understanding of how these two fields overlap in theory, the
collaboration challenges, the current status of collaboration, and how we could promote the two
groups to work together better. With this goal in mind, we pose the following research questions:

• RQ1: What are the challenges of UXDs and SDEs collaboration? To answer this question, we
aim to investigate the obstacles and barriers that hinder collaboration between UX designers
and SE developers.

• RQ2: What are the potential best practices to overcome the challenge/to solve the problem? For
this question, We aim to identify strategies that could be used to overcome the challenges
summarized in RQ1.

• RQ3: What are the current practices and tooling support of the collaboration between UXDs
and SDEs? Lastly, we examine how the results obtained from RQ1&2 have manifested in
real-world scenarios. Specifically, we evaluate the existing tooling support to determine
whether the challenges identified in RQ1 have been tackled, if the best practices outlined
in RQ2 have been effectively put into practice, and if there are any remaining areas where
enhancements are required.

In this study, we reviewed 45 papers spanning from 2004 to 2023 to address RQ1 and RQ2. In
order to explore the present methods and practices (as per RQ3), we conducted searches on posts
and issues within four online forums that hosted a substantial community of SDEs and UXDs, as
well as investigated the issue discussions in one open-source project that involved both UXDs
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and SDEs. Our examination reveals three key collaboration challenges: (1) Separate decision-
making procedures; (2) Different professional behaviors; (3) Lack of mutual understanding, and
two main categories of potential best practices: (1) Improve development workflow; (2) Enhance
communication. Additionally, by examining the search results from forums and the issue discussion
in one popular open-source project, we uncovered a disparity between the existing tooling support
for developmentwork involving both UXDs and SDEs and the recommended best practices. Together,
our findings provided insights related to collaboration suggestions and future research directions.
In summary, we make the following contributions: (1) We present a summary of three key

challenges, further categorized into eleven detailed classifications, and connect them with two main
best practices, which are divided into six sub-practices to improve the efficiency of collaboration
between UXDs and SDEs; (2) we highlight the gaps between current practices and tooling support
and the proposed best practices; (3) we identify recommendations for improvement and multiple
future research directions.

2 Related Work
In this section, we summarize the prior studies focusing on collaboration challenges during the
software development procedure, and then justify the importance of conducting an SLR on UXD-
SDE collaboration within the HCI, CSCW, and SE communities.

2.1 Collaboration Scenarios During Software Development Process
Themajority of software projects go beyond the capacity of a single SDE, necessitating collaboration
among multiple SDEs either within the same team or across different teams. Researchers have
explored collaboration practices and challenges among SDEs in diverse contexts, including co-
located environments [7, 14, 105], distributed environments [43, 50, 80], as well as the transition [16,
64] and comparison [25, 56] between the two scenarios. Moreover, collaboration scenarios can
also be distinguished between asynchronous [48] and asynchrous [97], each presenting distinct
tradeoffs that require careful consideration [41]. Researchers have examined various forms of
awareness in collaborative work and have developed tools [27] to consolidate team members’
activities, enhancing awareness throughout the collaboration process [23, 42, 98, 108]. Recently,
with the incorporation of machine learning (ML) techniques has resulted in an increasing number of
software systems integrating ML components. This development has necessitated SDEs to engage
in collaboration with ML experts, giving rise to interdisciplinary collaborative scenarios and the
associated challenges covering different aspects (i.e., Communication, Documentation, Engineering,
and Process) [71, 78].

Likewise, the HCI community has explored the collaboration among UXDs in the development
of interactive systems [30] to improve communication and coordination efficiencies by analyzing
collaborative UX tools [31]. Along the line of designing ML-based systems, researchers looked into
how UXDs work with data scientists to build high-quality human-centred AI products [114].

2.2 Related SLRs on SE and UX Integration
The significance of software system usability in recent times has led to a growing body of literature
that delves into the integration of SE and UX methodologies and processes [57, 60, 61]. Accordingly,
SLR research [19, 95, 101] and systematic mapping studies [70] have been conducted to summarize
the overview of how user-centered design is introduced into the Agile development process.
In particular, in 2010, Sohaib et al. conducted a literature review on difficulties and suggested

approaches for usability engineering and agile software development integration [103]. However,
the study was not conducted systematically and it was unclear about paper selection, and screening
procedure, leaving the quality of the study results questionable. Later in 2011, Silva et al. reviewed
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the integration of user-centred design and agile methods, with a focus on the merged process model
and the artifacts that were used to support the collaboration and did not include human factors [101].
Similarly, in 2016, Caballero et al. conducted a systematic mapping study, covering papers from
2001 to 2013, to understand how agile teams integrate user-centred design tools and work with
UXDs to better understand user requirements [70]. The research outlined various team structures
that were reported from the paper corpus, such as cross-functional teams comprising both UXDs
and SDEs, as well as independent teams of SDEs and UXDs that collaborate on a project basis.
Additionally, the paper listed several strategies that prior work reported to ensure collaboration
efficiency, such as continuous communication and close collaboration between co-located UX and
SE experts. However, the paper only listed the summaries from prior work and did not synthesize
the findings into categories and themes.

The closest SLR study to our work was conducted by Salah et al. which summarised 71 research
papers published between 2000 and 2012, primarily examining the interaction between agile devel-
opers and user-centred designers [95]. They identified several collaboration challenges, including
difficulties in performing UCD activities, UX testing, and optimizing work dynamics. However,
the primary emphasis of their study was on the challenges of process integration, leaving notable
gaps in understanding the distinct professional behaviours and other social aspects during the
collaboration process.
Moreover, several SLRs focused on specific activities between SDEs and UXDs, such as the

evaluation methods in Agile-UX [83], the training condition of SDEs in UX domain [18], and the
artifacts in agile user-centered design [40]. The most recent SLR was conducted by Hinderks et al.
in 2022, primarily focusing on the approaches that manage the UX process in the agile development
model [52]. This review analyzed 49 relevant studies and identified several approaches for UX
management. The study treated “collaboration and communication” as a simple and successful
approach to manage UX-related tasks. Unlike previous reviews, our study focuses primarily on the
collaboration aspects throughout the whole development process, covering various development
models and also open-source context. Additionally, we conducted qualitative analysis on four
popular forums that SDEs and UXDs tend to use and one popular open-source project in order to
complement the findings from academic papers.

3 Review Protocol
Our study relied on two different sources: (1) a systematic literature review (SLR), and (2) a
qualitative analysis of the practitioners’ discussion in forums and issue trackers. Specifically, the
SLR study covering five online databases aims to answer RQ1 (collaboration challenges) and RQ2
(best practices) following the guidelines established by Kitchenham et al. [62, 63] and the PRISMA
framework [76]. Figure 2 shows an overview of the paper selection process. Then to complement
the SLR results, we analyzed posts and issues from four designer-developer forums and investigated
the issue discussions from open-source projects hosted on GitHub, respectively. In the following, we
detail the methods used to conduct the SLR (Section 3.1) and the qualitative analysis (Section 3.2).

3.1 Systematic Literature Review
3.1.1 Identification: Keyword Searching. Similar to prior SLRs on UX and SE focusing on process
integration [58, 101, 103], we divide our search string into SE and UX components. We first
manually selected 14 papers as references and keywords from prior SLRs as initial keyword
selections [58, 101, 103], then iteratively refined the keyword list by using them to search papers
in selected databases until all papers were covered. In specific, the keyword “agile” was selected
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because many related papers are from the Agile Conference.1 As a result, we defined two keyword
lists used for querying papers (as shown in Table 1). Combining all keywords, the final string we
used for keyword search is presented as follows: UX AND SE.

Table 1. Keywords used to formulate searching string in the SLR. Combining all keywords, the final string we
used for keyword search is presented as follows: UX AND SE.

Type Search String

UX “designer” OR “usability” OR “ux” OR “user experience” OR
“user-centered(centred)” OR “user interface”

SE “developer” OR “software development” OR “software developing” OR
“software process” OR “software engineer” OR “agile”

We applied the above searching string in abstract, title, and keywords (ATK) following the
guidelines [63] in the IEEE Xplore digital database, the ACM Digital Library, the SpringerLink
Digital Library, the Wiley Online Library, and the Engineering Village. Two co-authors iteratively
examined papers randomly chosen from the search results to determine the relevant data source.

3.1.2 Screening, Eligibility, and Inclusion. Following identification, we conducted screening and
eligibility assessments, taking into account the specified inclusion criteria (IC) and exclusion criteria
(EC) that were iteratively formulated. In particular, an included paper must:

• IC1: be published in peer-reviewed journals or event proceedings;
• IC2: be written in English;
• IC3: be published between 2004 and 2023. Since the fields of SE andHCI are rapidly developing,
we restrict the start year to 2004 to focus on papers published in the past 20 years, so that
our study covers the most relevant information;

• IC4: contains pertinent information related to either collaboration challenges between de-
signers and developers, or best practices to facilitate collaboration between them.

At the same time, we exclude a paper if:
• EC1: The paper is a work-in-progress, poster, demo, or an extended abstract;
• EC2: The paper is a patent or standard;
• EC3: The paper is less than four pages;
• EC4: The paper is published in a local conference (Appendix A.3 lists the collection of
keywords);

• EC5: The main topic is not UXD and SDE collaboration but other fields (Appendix A.3 lists
the collection of these keywords);

• EC6: The paper constitutes secondary studies (i.e., an SLR or informal literature survey), to
ensure concentration on primary studies [63].

3.1.3 Paper Selection Process. The initial keyword search resulted in 5,736 papers from five
databases published between January 2004 and August 2023. After removing duplicate papers,
we have 5,112 papers in total. During our random checking, we observed that our initial result
contained a large number of irrelevant papers. Thus, we implemented a keyword filter to exclude
papers irrelevant to software engineering or UX design. Specifically, we established a range of
keywords including terms such as “linear algebra,” “computer vision,” “gravity,” and others. A full

1https://agile-gi.eu/
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list of keywords is available in Appendix A.3. We filtered out papers that contain at least one
keyword from the list in their title, keywords, or abstract, resulting in 3,860 remaining papers.
We then conducted the following three iterative processes of paper selection and information

extraction as described below. To ensure accuracy and consistency, we iteratively evaluate and
refine the review protocol and criteria before and after each process. For each paper, we define three
types of labels, including Y for include, N for exclude, and NA for not sure at each step. Figure. 1
shows the data collection process.

Initial keyword search 
and filter in database

(n = 5736)

Remove Duplicate (-624)
EC4 and EC5 (-1149)

EC6 (- 98)

Title, Abstract, and 
Keyword Screening

(n = 3860)

EC1 (-93)
EC2 (-11)

IC4 (-3565)

Full Text Review
(n = 120)

Snowballing (+12)
EC3 (-6)
EC4 (-2)
IC4 (-78)

Remove Duplicate (-1)

Included Papers
(n = 45)

Identification Screening Eligibity Inclusion

Fig. 1. Data collection process and statistics following Identification, Screening, Eligibility, and Inclusion.

• (ATK-only) We reviewed the abstracts, titles, and keywords (ATK) of all the papers, access-
ing them against the inclusion and exclusion criteria. In terms of eligibility, each author
first reviewed 100 papers independently and then held meetings to address conflicts. After
completing one round of labeling, we assigned papers with labels Y, NA, and 20% papers
with label N to a second reviewer for cross-checking. For papers with different opinions, we
held meetings for discussion until the team reached an agreement. This process led to the
identification of 120 papers.

• (Full-text review) We thoroughly examined the full text of each paper against the criteria.
Similar to the previous round, we carried out a pilot check to refine the review criteria and
then applied the criteria for paper screening. This step led to 41 papers at the end.

• (Snowballing) While reading papers, we also applied backward snowballing to search for
missing related papers in the initial keyword search [112]. Similar to the process described
before, we filter out irrelevant papers and uncover responses to RQs. The initial snowballing
process identified 12 papers; among them, 4 papers were added to the final review, resulting
in 45 papers in our corpus.

3.1.4 Data Analysis. Extracting findings. Each author read a set of papers and then highlighted
the quotes from the paper that are related to collaboration challenges (RQ1) and best practices (RQ2).
Each paper was then assigned to a second author to cross-check and then discussed during meetings
to resolve conflicts and uncertainty. We extracted a total of 126 excerpts related to challenges and
66 excerpts related to best practices that could mitigate challenges.

Categorizing findings that share topical similarities using affinity diagramming. Various
papers organized their findings employing diverse terminologies and grouping approaches. In our
project, we aim to present a comprehensive overview of both the challenges and corresponding
solutions through a cohesive and consistent methodology. Therefore, we conducted affinity dia-
gramming [24] to group similar findings together. Adhering to the guidelines of the approach, we
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performed the activity on Miro.com by creating one sticky note for every highlighted sentence
from our corpus. Two authors created the initial grouping and other authors validated the initial
grouping and raised different opinions. Then all authors discussed disagreements during meetings,
refined the groupings, and obtained the final themes reported in the results. Regarding the sticky
notes associated with challenges, we revisited the relevant sections to grasp the context, noting the
possible causes and impacts of the challenges if they are discussed in the papers. For the sticky
notes related to practices that mitigate challenges, we grouped them into themes and linked them
to corresponding challenges that were identified in the first step.

(a) Paper selection process

Database
Initial
Papers

First
Round

Final
Papers

IEEE 1855 37 13
ACM 1430 25 11
SpringerLink 173 13 5
Weily 106 8 3
Engineering Village 2172 37 9
Snowballing - 12 4
Total 5736 132 45

(b) Paper selection statistics

Fig. 2. Paper Selection Process and Statistics. We first applied the keyword search and then conducted two
rounds of filtering. Sub-figure (a) shows the overview of the selection process and sub-figure (b) shows the
number of papers in each stage.

3.2 Analyzing SE&UX Discussions in Forums and Issue Trackers
To triangulate and complement the findings from SLR and further investigate the current state of
SE&UX collaboration in real-world settings, we qualitatively analyzed the relevant discussions
targeting the SE-UX collaboration issues in four designer-developer forums. Furthermore, we
perform a brief analysis of a widely used open-source project (i.e., VS Code) in anticipation of
discovering firsthand instances of collaboration communication between UXDs and SDEs during
the open-source development process.

3.2.1 Data Selection From Designer-Developer Forums.
Search Strategy. We focused on four forums, including UX Stack Exchange [29], Reddit UX [94],
Reddit SE [93], and Stack Overflow [28], that are renowned for hosting communities of professionals
that provide experiences and discussions on SDEs&UXDs collaboration. Similar to SLR, we utilized
the keyword search strategy in post titles to retrieve relevant posts. In addition to the initial
keywords listed in Table 1, we added keywords related to collaboration and tooling to make the
search more specific; Table 2 shows additional keywords we used in the post search. Moreover,
we did not use the UX keywords in UX forums and likewise for SE keywords, since by default,
these forums will touch on the corresponding topics. Combining all keywords, the final string we
used for keyword search is presented as follows: (forum_type == software_engineering ? UX
: SE) OR Collaboration OR Tool.
Selection Process. Similar to RQ1 and RQ2, we established inclusion and exclusion criteria to
identify the relevant information to answer RQ3. In specific, an included post must:

• IC1: be published in 2020-2023 to ensure the timeliness of our search results.
• IC2: contains pertinent information related to collaboration challenges, best practices, or
collaboration tools.
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Table 2. Additional keywords used to formulate searching string in the Post search. Combining keywords
from Table 1, the final string we used for pose and issue search is presented as follows: (forum_type ==
software_engineering ? UX : SE) OR Collaboration OR Tool.

Type Search String

Collaboration “collaboration” OR “collaborate” OR “cooperation” OR
“cooperate” OR “challenge” OR “gap”

Tool “tool” OR “platform”

Simultaneously, we consider the following exclusion criteria exclude a post if the post:
• EC1: is not related to UXD-SDE collaboration.
• EC2: does not contain follow-up comments from either UXDs or SDEs.

Our initial keyword search resulted in 1,299 posts in four different online forums from 2020 to
2023. Two authors first checked the titles and main threads of all posts from the keyword search,
ensuring that more than one author reviewed each post, then excluded posts following EC1 and
EC2. The initial review resulted in 65 posts. Next, two authors conducted a second round of filtering
by reading the entire post and associated comments to check whether the post met IC2, a third
author then validated the result. This round of filtering identified 17 irrelevant posts, resulting in
48 posts from the four forums to address RQ3. Table 3 shows the post and issue search statistics.

Table 3. Posts and Selection Statistics. This table shows the number of posts selected after each stage during
the search process, the average number of responses, and their distribution.

Forum/Project Initial
Posts

After
Filter

Selected
Posts

Avg.
#Responses

#Responses
Distribution

UX Stack Exchange 275 14 13 7.3

UX Reddit 742 47 32 23.3

SE Reddit 201 4 3 6.3
Stack Overflow 81 - - - -

Total 1299 65 48 18.8

3.2.2 Investigating Issue Discussions in Open-source Project.
Last but not least, we searched on GitHub for popular projects with a graphical user interface
(GUI), which might contain instances of UXD-SDE interactions and collaboration. We defined the
following inclusion criteria:

• IC1: The project contains a GUI;
• IC2: The project contains issues labeled with UX.

Correspondingly, we also defined:
• EC1: The issue participants should include both UXDs and SDEs;
• EC2: The project does not consistently utilize issue labels.

We identify the background of each issue participant by examining their GitHub profile portfolio.
Additionally, we conduct searches for their names to locate personal websites or LinkedIn accounts,
if available. We initially reviewed the top 20 GitHub repositories with the most stars from Gitstar

Proc. ACM Hum.-Comput. Interact., Vol. 9, No. 2, Article CSCW207. Publication date: April 2025.



A Comprehensive Review on Designer-Developer Collaboration CSCW207:9

Ranking2 that meet IC1&2. The results show that the VS Code project3 is the only project among the
top 20 that meets our criteria. Since its creation on September 3rd, 2015, the project has accumulated
over 1.8k issues that have UX labels out of a total of 195k issues. The earliest issue marked with a UX
label dates back to late 2015. To discover more appropriate projects, we conducted a manual review
of the top 100 GitHub repositories with the highest number of stars that meet IC1&2. Subsequently,
we identified additional four repositories, including Excalidraw,4 Terminal,5 Godot,6 and Storybook.7
However, we have discovered that none of the four projects are suitable for our investigation
purpose. For example, although Excalidraw used the UI/UX label to categorize the issues, it is
not used consistently and the majority of the issues are not labeled, so we filtered it out by EC2.
Moreover, we found it challenging to determine whether a participant is a developer or a designer
for issues in Godot and Storybook. Considering that both Terminal and VS Code are developed by
Microsoft, it is plausible to assume they follow comparable development practices. Therefore, as
an initial exploratory case study, our focus will be on VS Code, which was created in 2015, two
years prior to the creation of Terminal in 2017. Future research could further distinguish project
practices by examining individual repositories rather than by GitHub account.
We utilized the GitHub API to fetch those issues from the VS Code project. Specifically, we

initially chose issues labelled as “ux” and those containing video/image attachments, representing
instances of UI/UX design artifacts and discussions [68]. This process yielded a total of 1,019 issues.
Then, we filtered out issues that violated the following criteria: the issue (1) has no follow-up
comments; (2) is still open; (3) has “bug,” “duplicate,” “out of scope,” “debt,” or “as-designed” label; (4)
involves no SDE or UXD, as they are not able to reflect sufficient communication and collaboration
between SDEs and UXDs. During this stage, 259 issues have been filtered out, leaving us with 760
issues needing review.
To filter out issues irrelevant to RQ3, we applied a second round of checks to eliminate issues

that do not contain collaboration/discussion between UXDs and SDEs. The first two authors labeled
the 760 issues with Y (include), N (exclude), and NA (not sure). Another author reviewed issues
labeled with NA to re-label them as Y or N. Finally, 157 issues were selected. Lastly, the first two
authors then read each issue separately to decide whether it complements collaboration challenges
or good practices.

3.2.3 Data Analysis.
For the selected posts and issues, two authors read them in detail and extracted information relevant
to collaboration challenges and best practices. We then applied affinity diagramming to organize
similar information into groups. Following that, we held meetings to address conflicts that arose
during grouping and finally used refined groups to answer RQ3.

3.2.4 Limitations and Threats to Validity.
Every research methodology possesses constraints that pose potential threats to the validity and
credibility of its findings. Despite the fact that we carefully employ selection methods, it is possible
that we may have overlooked certain papers. Some reflections on collaboration between SDEs and
UXDs might not be included only in peer-reviewed publications. To address this, we conducted one
round of backward snowballing to include additional relevant studies. We also complemented our
study by searching online forums and issue discussions of an open-source project on GitHub. In

2gitstar-ranking.com/
3github.com/microsoft/vscode/
4github.com/excalidraw/excalidraw/
5github.com/microsoft/terminal/
6github.com/godotengine/godot/
7github.com/storybookjs/storybook/
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addition, our selection of included papers could potentially be biased because of the subjectivity of
authors. We attempted to mitigate the potential bias by iteratively refining the selection criteria and
cross-checking among the researchers. Each researcher indicates their decisions while reviewing
the papers. Those results were cross-checked by another researcher, and discussion meetings were
held to arrive at a consensus when there was a disagreement.
Another limitation to consider is that our data collection was primarily sourced from English-

language forum sites. Consequently, the generalizability of our findings may be limited to the
global communities of SDEs and UXDs. This lack of diversity in representation could potentially
influence our observations regarding prevailing practices and the adoption of tools, as discussed in
Section 3.2. Similarly, we only searched for popular repositories on GitHub with GUI, and filtered
out those lacking UX labels in their issue lists. This selection process resulted in the inclusion of
just one project from GitHub, respectively. It is important to note that this aspect of our research
aimed to establish an initial understanding of the collaboration between UXDs and SDEs, and
a comprehensive comparison among various projects as well as an assessment of collaboration
efficiency were beyond the scope of this study. The findings from our work serve as a promising
first step in identifying best practices and challenges of collaboration between UXDs and SDEs
during the development lifecycle.

4 Results
Below we report the analysis results based on the 45 papers selected from the SLR, as well as the 48
posts (‘Px’ to represent the ID) and 157 issues (‘Ix’ to represent the ID) from the post and issue search.

4.1 Quantitative Overview
Publication Years. Figure 3(a) shows the distribution of publication years of all selected papers
in the SLR. It demonstrates a clear increasing trend in selected papers from 2004 to 2008. Despite
fluctuations from 2004 to 2018, it is noteworthy that about 90% of selected papers were published
before 2018. This suggests a decline in the topic’s popularity in recent years, indicating a waning
interest among researchers.
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Fig. 3. Statistics summary of the selected papers in terms of their (a) Publication Years, (b) Research Methods,
and (c) Author Keywords.

Research Methods. Figure 3(b) shows the frequencies of different types of research methods
adopted by the reviewed papers. Noted that one paper may contain multiple research methods.
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Fig. 4. Research Methods Sample Size: (a) Case study, (b) Interview, (c) Questionnaire/survey.

The three most widely utilized research methods are interview, ethnography/case study, and
questionnaire/survey, used by 45%, 34%, and 14% papers, respectively. These three methods all
involve human participants; the distributions of the participants’ sample size in the papers that
applied these three methods are presented in Figure 4.
Keyword Distribution.We also summarized author keywords of selected papers, presented in
Figure 3(c). The most frequently appearing keywords are usability and agile, which appear in 14 and
12 papers, respectively. All popular keywords shown in the figure are relevant to UX, SE, or collabo-
ration. This indicates that the papers we selected for the SLR match our intended research direction.

4.2 (RQ1) Challenges of UX and SE Collaboration
In this research question, we aim to investigate the collaboration challenges between UX designers
and SE developers. Among the 45 reviewed papers, 35 directly mentioned challenges regarding
inefficient UXD-SDE collaboration. We classified these challenges into three main categories, each
including several detailed sub-categories. We compile a summary of the challenges and the relevant
academic papers and online posts that discussed these challenges in Table 4.

Table 4. Collaboration challenges identified from related papers and online posts. We present three key
challenges which are further categorized into eleven detailed classifications.

Challenges Detailed classification Papers Posts

Separate
decision-making

procedures

Suboptimal team arrangement
due to geographical separation [5], [22], [35], [55], [79] -

Isolated decision making [36], [68], [72], [79], [81], [90], [115] -

Unbalanced involvement [53], [55], [65] [P4], [P7], [P9], [P10]

Blurry boundary [35], [55] [P5]

Lack of group awareness [6], [9], [34], [35], [36], [67], [61], [59] [P7], [P12], [P13], [P19], [P4]

Different
professional
behaviors

Educational disparities [5], [6], [32], [59], [61], [68], [72], [81] [P9], [P12], [P14], [P15] [P4],
[P16], [P17]

Methodology detachment [22], [34], [33], [35], [53], [55], [44]
[59], [67], [81], [90], [106], [110], [20]

[P1], [P2], [P3], [P4], [P6],
[P7], [P8]

Different artifacts [35], [68], [72], [81], [84] -

Lack of mutual
understanding

UX de-emphasized [6], [9], [34], [54], [44]
[55], [61], [81], [110], [115] [P19]

Absence of trust [6], [22], [54], [61], [66], [81] [P12], [P7]

Mismatch of expectations [36], [67] [P18], [P7]
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4.2.1 Separated Decision-Making Procedure.
Suboptimal Team Arrangement Due to Geographical Separation. SDEs and UXDs are some-
times separated geographically, often with timezone differences [22, 35, 79]. This geographic
separation adds to the discipline separation, contributing to difficulties in communication and
further resulting in poor integration of UX design work and its implementation [55]. When the
geographic separation creates timezone differences, it could even make one team unable to attend
meetings, resulting in a breakdown in communication between two teams [5, 79]. This separation
aggregates the isolated decision-making as we elaborate next.
Isolated Decision-Making. Effective communication between two groups during decision-

making is important, as exchanging information among knowledgeable individuals can alleviate
uncertainties and address questions. Non-participation in such discussionsmight result in postponed
deliverables [36]. A prominent theme discussed in the literature is related to design decision-making
in isolation [68, 72, 115]. For example, some design teams make early design decisions without
informing the development team, making SDEs unaware of the current state of the design and
devoid of opportunities to observe design evolution [68, 72, 115]. As a result, certain design choices
might not be incorporated into the final implementation, as developers remain unaware of them [72].
Moreover, upon review by developers, some other designs may be technically infeasible, wasting
designers’ effort to redesign [6, 81].

A cause for this isolation is the untimely communication between two groups, where UXDs are not
informed about whether their design is implemented, resulting in no user research and testing being
implemented [79]. Another reason for this separation is the underestimation of UXDs by developers
or their organizations. Some developers view UXDs as external entities and perceive UX work as
insignificant external resources rather than part of the decision-making process, leaving the usability
specialists outside the decision-making and planning process [90]. Consequently, they occasionally
modify designers’ work after the designer-developer handoff without proper communication with
designers. Furthermore, situations arise where developers, facing unclear design documents from
designers, rely on their past experience to implement the design rather than request communication
with designers [79]. In some organizations, UXD’s work is limited to the early design phase of
the project. They lack the authority to participate in the development decision-making or even
arrange meetings with SDEs [81]. All those challenges result in discrepancies between the initial
design and the final implementation. The absence of designers’ input during development meetings
might potentially give rise to unidentified UX issues, subsequently requiring developers to invest
additional time in correcting them afterwards, finally leading to delays in deliverables [79].
Unbalanced Involvement. In some cases, although collaboration teams are geographically

close, interaction and communication gaps still exist due to unbalanced monetary compensation
or uneven workload [53, 55, 65]. For example, several papers reported cases studied regarding the
involvement of UX experts in the organization falling short [55, 65]. The difference in the number
of UXDs and SDEs within the team increases the team’s specialization. However, this specialization
could result in challenges when it comes to distributing tasks equitably and flexibly, potentially
leading to misunderstandings among team members during the handoff process [53]. Moreover,
this deficiency in the number of UX Designers may also restrict testing and validation activities,
making it challenging to sustain high-level collaboration with the development team [55]. This
could finally lead to additional workload for UX designers and make them feel frustrated [65].

Similar concerns are observed from the forum analysis, where three discussions from two posts
noted that developers often find themselves isolated from the design process with limited chance
to contribute [P7, P9]. According to one designer, this issue arose due to the late involvement of
developers, resulting in the inability to provide design feedback [P7]. However, another developer
argued that they could not provide valuable feedback or make technical contributions even if
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they were involved earlier [P7]. Three other posts stated developers often lack clarity on when to
consider UX, leaving designers minimal time to offer feedback and make contributions during the
implementation phase [P4, P9, P10].

Blurry Boundary. Another factor that intensifies the challenge of separated decision-making is
the unclear demarcation between designers’ and developers’ responsibility [35, 55]. SDEs and UXDs
often lack well-defined responsibilities concerning design or other associated activities within the
organization; such absence usually leads to a deficiency of visibility of implementation activities
and finally results in UX experts not having the opportunity to be involved in development-related
decisions [55]. Regarding developers, their decision on design issues during the implementation
phase usually results in re-implementation after UX designers suggest changes. Thus, time is wasted
due to redoing works [35]. In one post, a designer specified that the boundary between designers
and developers and the responsibility for specific tasks is unclear; he mentioned that it was unclear
who should be responsible for the CSS colour variable in a previous project [P5].

Lack of Group Awareness. During the collaboration procedure, it is also observed that the
two groups of experts are likely to be unaware of each other’s work content and timeline, causing
the inability to inform joint decisions and finally leading to missing deadlines [6, 35, 36, 61, 67]. For
example, software developers and UX professionals often hold differing perspectives on the nature
of UX tasks and the timeline of their integration [35, 61]. Many developers view the work of UX
designers as primarily focused on user research and completing user stories, which often happen
before development. However, UX designers still play a vital role in identifying usability issues and
requesting developers to implement necessary changes [6, 67]. To be more precise, this disparity
can be viewed as a deficiency in the shared understanding of the project’s goal [61]. Moreover, this
lack of consensus may create communication barriers between UXDs and SDEs. When knowledge
is not shared among the team, team members will likely become isolated [34, 59]. Due to this
lack of visibility and isolation, misunderstandings can arise between groups, exacerbating the
communication gap and leading to isolated decision-making [9, 36].

It’s important to highlight that the challenge of lack of group awareness stands out as a prominent
recurring theme in our analysis of grey literature, appearing nine times across five posts [P7,
P12, P13, P19, P4]. In two posts, four discussions addressed cases in which development teams
made alterations to designers’ work after the handoff, leading to a deviation between the final
implementation and the original design [P7, P13].

4.2.2 Different Professional Behaviors.
Educational Disparities. SDEs and UXDs come from different educational and professional back-
grounds and are equipped with distinct perspectives [5, 59, 61, 72]. This divergence often results
in increased or overlooked tasks within the workflow, miscommunication, and misunderstand-
ing [68, 72]. For instance, looking at it from the developers’ point of view, numerous design concepts
fail to take into account the technological limitations [6, 30, 32, 61, 68, 72, 81]. This oversight may
introduce divergence that could further result in developers having to invest additional efforts into
modifying the design on their own and/or waste effort for both groups [72]. From the viewpoint of
UX designers, SDEs’ lack of familiarity with usability testing led to a narrow focus on functionality
testing rather than encompassing UX-related assessments [61].
Similarly, the analysis of the grey literature review reveals the same challenges, with them

appearing in element instances across seven posts out of a total of 48 posts [P9, P12, P14, P15, P4, P16,
P17]. According to five posts, the main challenge in the collaboration process arises from designers’
limited technical understanding, which makes them unable to understand the complexity of their
design, consequently creating challenges for developers during the implementation process [P9,
P14, P15, P16]. Three posts highlighted a different aspect that developers lack a comprehensive
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UX understanding [P12, P16, P17]. As a result, they struggled to provide feasible design insights
and faced difficulties integrating designers’ work. One participant, who used to be both a designer
and a developer, noted that their divergent focuses caused conflicts during designer-developer
collaboration: designers tend to prioritize usability aspects, while developers concentrate more on
the functionality and coding aspects of the project [P4].

Methodology Detachment. The reviewed papers have noted that a gap exists in the approaches
to development and design due to the fundamental distinctions between these two fields, which
often results in a lack of clear communication between the two groups [22, 34, 110]. More precisely,
in terms of pace, the iterative cycle of software development moves more rapidly compared to
UX design [20, 55]. Estimating the time required for both categories of work, particularly the
exploratory nature of UX design, is demanding, making the alignment of these two lifecycles a
daunting task [22, 53]. This could lead to the usability-related insights becoming outdated by the
time the report is completed [90, 106], or the product being released without the user interface
having undergone comprehensive testing [33, 35, 67, 81]. This discrepancy is often caused by the
mismatch between the software development lifecycle (specifically, the agile approach) and the
process of UX design [67, 106]. Furthermore, the documentation of UX design provided to SDE is
sometimes identified as inadequate for effective and accurate implementation [59].
The mismatch between the traditional software development cycle and the UX design process

often poses a challenge when one team is transitioning their work to another. Although we do
not identify these challenges from SLR, inefficient designer-developer handoff is one of the most
frequent challenges mentioned by practitioners in their discussions, appearing nine responses in
seven posts [P1, P2, P3, P4, P6, P7, P8]. Designers mainly mentioned strained communication [P1],
uncertain handoff process [P3, P4], and lack of interaction during the handoff stage [P7, P6, P8].
Practitioners mentioned that the existing approach to the designer-developer handoff is only a
transfer of responsibilities and materials.

Different Artifacts.Another aspect that highlights the distinction between the two groups is the
artifacts they generate – ‘static and textual’ versus ‘dynamic and visual’ designs [35, 68, 72, 84]. For
example, UX designers tend to utilize visual representations like images or videos of their screens
to show their design [68]. In contrast, developers primarily depend on text, including programming
terminology, to elucidate information about their implementations [72]. When sharing artifacts
with the counterpart group, essential information can become lost or create confusion, making
it difficult for the receiving team to fully comprehend [72]. As a result, this discrepancy often
demands extra effort or results in a misalignment between the initial design and the eventual
deliverable [35, 81]. Although this problem has been discussed over decades, it is still unclear what
boundary objects for representing interaction can be shared by designers and developers [72]. Thus,
time is wasted and misunderstandings arise due to the need for designers to produce multiple files
to illustrate their designs, developers having to recreate design documentation, and developers
misinterpreting the designs, leading to redundancy and rework [68].

4.2.3 Lack of Mutual Understanding.
UX De-emphasized.With distinct professional behaviors and separate decision-making, SDEs
and UXDs are likely to develop their own understanding of the collaborative project [6, 55, 81]. This
lack of mutual understanding usually results in an unwillingness to accept suggestions, criticism,
or decisions from other groups [6, 81]. For example, some UX designers feel they are treated
as “artists” by developers; thus, their questions and suggestions are usually ignored [81]. In the
context of open-source software (OSS) projects, this situation could lead UX designers to have a
shallow understanding of the project’s goal and detailed procedures [55]. As a result, they might
tend to criticize excessively rather than contribute by enhancing the codebase or resolving issues.
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Ultimately, this could lead to their limited contribution to the project as a whole [115]. From
the developer’s point of view, their limited understanding and knowledge in the UX field often
leads to a lack of appreciation for UX work [115]. They usually regard UX as trivial or lacking
intellectual contribution and perceive it as the last phase of the project [6, 9, 54], thus reluctant to
integrate UX work into their development and exclude UX designers out of the loop [110]. The
absence of consensus and the undervaluing of UX contribute to relegating UX work to a lower
priority, and in some cases, even dismissing it altogether [61, 81]. In addition, according to [P19],
de-emphasizing UX not only happens between individual UX designers and developers but could
also be an issue at the organizational level. When companies are development-oriented, they will
ignore the importance of UX and focus more on functionality rather than usability. As a result, the
management teams usually approve design changes made by development teams without adequate
research or input from the design teams [P19].
Absence of Trust. Given that UX work is usually de-emphasized and even dismissed, UX

designers may perceive it as a lack of respect [81]. Regarding communication or decision-making,
this lack of mutual appreciation and trust between the two expert groups tends to make them
defensive, avoiding addressing concerns from the other group [22, 61, 66]. The communication
problem caused by lack of trust further isolated two groups of experts, making them unaware
of the other group’s efforts, resulting in an incomplete development process [6, 61]. Specifically,
certain UX-related aspects of development, such as user research, were conducted late or even
missing [61]. In addition, certain design works created by UX designers may not be presented in
the final product [54], which leads to a waste of effort. P12 explicitly specifies that developers lack
trust and are unwilling to engage in discussions with designers.

Mismatch of Expectations. The different education and methodology between UXDs and SDEs
usually result in mismatched expectations between two groups of experts [36, 67]. Given that the
agile model is technical and functional driven, it could be confusing for SDEs to know when a user
story is “done” [67]. In particular, there is a lack of communication regarding how to support each
other [36], which often leads to wasted planning effort and teammembers working overtime to meet
deadlines. From our forum post analysis, we observed the same challenge where a designer stated
that the expectations between the design and the development team lack clarification and mutual
understanding, resulting in two groups of experts working towards different goals [P18]. Moreover,
conflicting expectations could arise during the development phase, concerning the primary focus
of the work. For instance, as cited in [P7], distinct priorities could emerge between design teams,
who prioritize enhancing user experience (UX), and development teams, who prioritize optimizing
code and functionality. These divergent emphases significantly contribute to conflicts encountered
during the development process [P7].

4.3 (RQ2) Best Practices to Overcome Collaboration Challenges
In this section, we aim to identify strategies that could be used to overcome the challenges summa-
rized in RQ1. Among all the 45 papers we collected, 25 proposed best practices that could be cate-
gorized into two high-level themes: (1) improving the processes and (2) enhancing communication,
as presented in Table 5. In the subsequent sections, we elaborate on these best practices in detail.

4.3.1 Best Practice 1: Improving Development Workflow. is essential for aligning timelines
and enhancing collaboration between SDEs and UXDs. This is a team-level best practice that
reduces isolation (Section 4.2.1), integrates different professional behaviors (Section 4.2.2), and
fosters better mutual understanding (Section 4.2.3).
UX Design Work Should Start Earlier Than Software Development. One major difference
between SE and UX is their iteration speed (as described in Sec. 4.2.2), where software development
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Table 5. Best practices identified from related papers and the corresponding collaboration challenges they
addressed. We present two main best practices, which are divided into six sub-practices.

Best Practice Detailed Classification Papers Addressed Challenges

Improve
development
workflow

UX Design work should start
earlier than software development

[65], [72], [59], [86], [53], [55],
[35], [106], [81], [5], [79] Methodology detachment

Enhance collaboration between UXD
and SDE throughout the process [72], [81], [74], [90], [55]

Isolated decision-making
UX de-emphasized
Absence of trust

Mismatch of expectations

Establish more
effective boundary objects [55], [79], [74], [72], [17] Different artifacts

Enhance
communication

Ensure regular
and productive communication

[79], [72], [59], [53], [22], [34],
[68], [65], [90], [33], [111], [36], [9]

Lack of group awareness
Absence of trust

Promote UX in
development-drive teams [86], [53], [109], [44] UX de-emphasized

Establish shared vocabulary [68], [72], [35], [81] Educational disparities

iterates faster than UX [33, 53, 67, 90], which leads to insufficient communication, rework, and
delays. To bridge the disparity in timing, nine papers propose that UX activities, particularly
UX evaluation, should commence and be completed earlier to synchronize with the software
development schedule during the project’s initial phase [35, 53, 55, 59, 65, 72, 81, 86, 106]. The
primary cause for this gap is the tendency of UX designers to employ a ‘big design upfront’ approach
during the early stages of the design process [5], which leads to too much design work done ahead
and redesigning afterwards. Instead of gathering all requirements and including all usability testing
at the early phase of the project, UXDs should apply “little design upfront” to create only basic
project structures in sprint 0 and increment them in future sprints. Similarly, other studies have also
noticed that current practice involves too much upfront design work and recommended designers
take the “sprint 0” strategy: create UX vision among the team while preserving the flexibility of UX
work [35, 59, 72, 79, 86]. Some papers even proposed that design work should always be one sprint
ahead to ensure timeliness and flexibility [53, 55].

On the other hand, developers also prefer the early involvement of designers [65, 81]. Involving
UXDs at the early stage can help SDEs avoid significant changes in later sprints [81]. Moreover,
it can also facilitate early collaboration to reveal different thinking habits and avoid future mis-
understandings [65].
Enhance the Collaboration Between UXD and SDE Throughout the Process. As described
before, the current workflow of software development and UX design suffers from a lack of seamless
integration, resulting in isolated decision-making (described in Section 4.2.1) and communication
breakdowns during collaboration (described in Section 4.2.3), ultimately causing workflow ineffi-
ciencies. To address these issues, previous efforts suggested a more effective integration of both
groups of stakeholders into each other’s work processes. In our analysis of forum posts, we noticed
consistent recommendations for this best practice: a designer emphasized that the handoff process
should involve prolonged cooperation and ongoing communication (P8).

Involving SDEs in UX design. Involvement of SDEs during the initial design phase can facilitate the
creation of complex interactions and enhance developers’ understanding of design principles [72].
Furthermore, the collaborative team will become better equipped to minimize information gaps,
identify edge cases, and establish a well-defined technical scope for designers. Similarly, developers
should engage in the design process by collaborating with designers to create sketches and proto-
types [81]. This collaborative approach enables SDEs to gain a more comprehensive grasp of the UX
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vision. Another study also suggests that SDEs should participate in UX evaluation and testing [74].
In the study, SDEs engaged in the usability testing session, taking on the role of technical assistants
to facilitate the testing process. Their recorded notes and comments offered valuable technical
insights to the designers.

Involving UXD in development. Involve UXDs in SE activities is also recommended [55, 72, 90]. It
is beneficial for UXDs to have technical skills and code access to contribute to development [90].
Similar findings were observed by Maudet et al. [72], highlighting that allowing designers to modify
code can avoid misunderstandings and reduce iterations [72]. Designers should also participate in
development sprint planning meetings; this will provide them with improved control and greater
transparency throughout the UX process, enabling them to maintain effective collaboration and
communication with the implementation team [55].
EstablishingMore Effective Boundary Objects. One challenge mentioned in Section 4.2.2 is that
SDEs and UXDs employ distinct types of artifacts, resulting in miscommunication and isolation.
To bridge this gap, it is crucial to establish a clear definition of the boundary objects that are
mutually shared by both groups of experts to support subsequent interactions and establish shared
understanding [17]. Many studies emphasize the importance of sharing design artifacts as boundary
objects to facilitate collaboration between SDEs and UXDs. For example, sharing the UI proposal
and UX design can facilitate early evaluation through comments and discussions [55]. Similarly,
sharing user research and testing results can help to clarify misinterpretation and enhance designers’
participation [79]. Further, the incorporation of paper prototypes — initially used for usability testing,
into UX storyboards provides a comprehensive guide that aligns the entire team with the project’s
vision [74]. In addition to design deliverables created by UXDs, contributions from developers
should also be valued. For instance, while designers can provide visual representations capturing
interaction snapshots, developers offer component diagrams describing connections between primitive
graphical elements and functions. These artifacts can then be combined to help the team reach a
complete and shared understanding [72].

4.3.2 Best Practice 2: Enhance Communication. In addition to efforts aimed at enhancing
workflow, another aspect to consider is enabling improved communication. This can foster better
mutual understanding (Section 4.2.3) and eliminate the isolated decision-making (Section 4.2.1).
Ensuring Regular and Productive Communication. Twelve papers proposed that commu-
nication between SDEs and UXDs should be explicit [53, 59, 72, 79], as well as active and fre-
quent [22, 34, 53, 65, 68, 90]. Developers are encouraged to ask explicitly for design specifications
and ideas [72, 79], while designers should actively provide details to resolve misunderstandings and
facilitate integration [53, 59, 72]. Similarly, designers should request clarification and confirmation
on technical issues [72]. When it comes to the development process, explicit communication be-
tween two groups of experts can also help both groups be aware of the project timeline, avoiding late
or missing deliverables [53]. In terms of active and frequent communication, collaborative teams are
encouraged to communicate daily [22, 53], and face-to-face or live meetings are valued [34, 65, 68].
Engaging in discussions and face-to-face debate enables SDEs and UXDs to avoid missing informa-
tion, address edge cases, and develop better products [34, 72]. Moreover, communication tools and
platforms are another aspect of consideration [65, 90]. Studies also demonstrate that practitioners
prefer flexible and lightweight tools, as they believe such tools can enhance communication by
making it more accessible and convenient [65]. Despite being explicit and active, the relationship
between SEDs and UXDs is also a critical factor affecting communication [33]. The foundation
of such communication lies in the willingness of both groups to collaborate [36, 111]. According
to interviews conducted by Bach et al. [9], UXDs should build trust by reputation, position and
pointing to data, while SDEs should respect UXDs and make them feel valued [9].
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Promote UX in development-drive teams. Another challenge discussed in Section 4.2.3 is the
lack of mutual understanding between SDEs and UXDs, where SDEs usually de-emphasize and
overlook UX. To overcome this challenge, several studies have proposed to promote the position
of UX in the overall development process [44, 53, 86, 109]. It is beneficial to integrate UX closer
with the development team; to achieve this, all participants should reach a consensus regarding
the positive impacts of UX and comprehend the UX vision through training or synchronization
with users [44, 86]. An alternative way to promote UX is through workshops and presentations;
UX workshops have the potential to cultivate a shared UX understanding among teams, while the
presentations by the UXDs can widen the perspectives of developers [53, 109].
Establishing a SharedVocabulary.Work culture and background differences are another designer-
developer collaboration challenge (Section 4.2.2). To overcome this challenge, several studies
suggest that both groups of experts should become acquainted with each other’s terminology
to guarantee effective communication with minimal confusion [68, 72]. An observation study
conducted by Maudet et al. [72] found that designers started to incorporate mathematical concepts
while developers began formulating ideas using UX widgets to bridge the vocabulary gap. They
also explored specific examples to validate the consistency of terminologies. Some other papers
further suggest that SDEs and UXDs should consider each other’s work tradition and knowledge
domain [35, 81]. Instead of solely depending on management efforts, they should clearly understand
each other’s roles and expectations. Nørgaard and Hornbæk [81] discovered from a case study
that having practitioners with both domain expertise and decision powers is a critical factor of
success [81].

4.4 (RQ3) Current State of UX & SE Collaboration
In this section, we investigate how the findings from RQ1 and RQ2 were reflected in real-world
settings. In particular, we study the existing tooling support to assess whether the challenges
identified in RQ1 have been addressed, if the best practices summarized in RQ2 have been fully
implemented, and if there are still areas where improvements are needed. We examined four online
forums frequented by UX designers and software developers, focusing on discussions relevant
to our research. We identified a total of 14 collaboration tools and/or platforms and highlighted
challenges identified in Section 4.4.1 for some of these platforms discussed online. Additionally,
we performed an initial case study on the VS Code project to complement our analysis of forums
(Section 4.4.2), aiming to explore how UX designers and software developers collaborate within a
prominent and well-established real-world open-source project, and to assess their adherence to
recognized best practices described in Section 4.3.

4.4.1 Collaboration Tools and Platforms.

Having tooling support is essential for the collaboration process to guarantee efficient sharing
of information and communication [11, 21]. In the post-search phase across the four forums (i.e.,
UX Stack Exchange [29], Reddit UX [94], Reddit SE [93], and Stack Overflow [28]), we specifically
focused on posts that discussed tools and platforms. We aimed to gather insights and opinions
from professionals and practitioners. We identified 26 posts that are relevant to our focus in total.
Figure 5 displays the frequency of mentions for each tool/platform within these posts. Among
these posts, we only identified eight posts focused explicitly on the pros and cons of five tools from
the collaboration perspective, including Figma [37], Adobe XD [1], Axure [8], Protopie [87], and
Miro [75]. Other posts primarily emphasize the technical functionality or accessibility of those tools.
We carefully review the compiled pros and cons of each tool, comparing themwith the collaboration
challenges outlined in Section 4.2 to identify whether any of the tools effectively address specific
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challenges. Table 6 shows a mapping between the tools and corresponding challenges identified in
RQ1. We use ✔ to represent the challenge that can be alleviated by a tool and ✘ to show that the
challenge can not be alleviated.
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Fig. 5. Popularity of collaboration tools and platforms. The Y-axis shows the frequency of the appearance in
collected posts. This figure only presents tools and platforms that appear more than once.

Table 6. Matching the summarized collaboration challenges summarized in Section 4.2 with the relevant
features provided by each tooling support in order to address and mitigate these challenges. ✔ represents
the challenge can be alleviated and ✘ means the challenge can not be alleviated.

Tools
Figma Adobe XD Miro Axure Protopie

C
ha

ll
en

ge
s

Suboptimal team arrangement
Isolated decision making ✔

Unbalanced involvement
Blurry boundary ✔

Lack of group awareness ✔ ✘ ✔ ✔

Educational disparities
Methodology detachment ✔ ✘ ✔

Different artifacts ✔ ✘

UX de-emphasized
Absence of trust

Mismatch of expectations ✔

Next, we provide a condensed overview of the collaboration-related comments made by practi-
tioners concerning these five tools/platforms.

Figma is the most popular tool among SDEs and UXDs that has been mentioned in seven out of
eight posts for its highly effective cross-team collaboration features. It is recommended for designer-
developer collaboration for its version control functionality and the “lock and branch” feature [P6],
which can effectively specify designs to developers, enabling them to understand their assigned
tasks clearly and increase group awareness, and allows designers to continue working on their
designs without affecting the work handed to developers. Other posts noted that Figma involves
the whole team in the project with different roles [P20, P21, P22, P23, P24]. From the developers’
perspective, Figma links design and development artifacts by allowing them to access and inspect
code on top of the design. It also offers style codes and colour variables, facilitating handoff and
enhancing overall development efficiency [P21, P23, P24]. Moreover, its artboard feature enables
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developers and stakeholders to comment on their designs, simplifying the feedback-gathering
process [P23]. However, some developers complained that Figma’s user interface is perplexing and
has a steep learning curve [P4].
Adobe XD significantly simplifies the design presentation process by allowing designers to

generate prototypes with a simple button click, allowing the collaboration team to quickly under-
stand the expectation [P20]. However, the poor document syncing and low parallelization make it
hard for UXDs and SDEs to quickly be aware of what has been done by the other group. Axure
is recommended for its interaction design tools, making communication and interaction between
SDEs and UXDs more accessible [P25]. Similarly, Protopie is nominated for its ability to facilitate
communication and design handoff; it enhances collaboration and mutual understanding between
two groups by operating within a design logic that makes designers’ work easier to understand [P25].
Some designers struggle to find a single software that meets their diverse daily requirements, so
they employ a combination of collaboration tools [P4]. For example,Miro, though not good for
prototyping or designer-developer handoff, is used for problem-solving and decision-making as a
complement to Figma [P4]. This will, to some extent, make their work more convenient. However,
when it comes to collaborating with developers, this complex situation can pose challenges for
developers, making it difficult for them to dive in and work on top of designers’ design.

4.4.2 Understanding the Interaction Between UXDs and SDEs via Issue Discussion From
The VS Code Project.
VS Code is a source code editor owned by Microsoft, and it is an open-source project hosted on
GitHub. Though the development team might have internal communication channels and meetings,
we can still trace designer-developer collaboration by reviewing GitHub issues as documented
within the project’s Wiki page.8 Figure 6 illustrates the yearly occurrence of issues recorded
since the project’s creation in September 2015.
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Fig. 6. Number of UX-label issues per year since late 2015 in the VS Code project.

By reviewing the discussion in each collected issue, we compile the following collaboration
scenarios. Some of these scenarios conform to the best practices outlined in Section 4.3 (RQ2) and/or
could be regarded as best practices capable of mitigating the challenges delineated in Section 4.2
(RQ1). First, designers and developers collaborate closely throughout the issue time span, which
aligns well with the best practice of enhance collaboration between UXD and SDE throughout the
process. Specifically, we observe that designers and developers initiate their collaboration during
the ideation stage of an issue by clearly outlining ideas and design proposals [I1, I2]. For example,
one designer stated, “From a design perspective, I think we can establish some principles for how

8https://github.com/microsoft/vscode/wiki/UX/127f1567d5155bcd4dab20dee8f170e82f4bc63a
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the interactions should work” and “Things that are unclear so far” [I1]. Developers then actively
engage by asking for clarification and providing feedback on further discussions [I3, I2, I4, I10].
For example, one developer asked, “All sounds good to me except the ‘Go to running cell’. Maybe I’m
misunderstanding that one though. Is that only available when actually running?” [I2] During the im-
plementation phases, designers monitor the project progress and address inquiries or concerns from
developers [I5]. Ultimately, designers verify that the final implementation aligns with their original
design by adding the “verified” label, ensuring consistency with their intended vision [I6, I13].

Another scenario we observed is the respect between SDEs and UXDs. In terms of communication,
this is represented by the cordial relationship between two groups of experts. Through our findings,
we have discovered the mutual recognition and assistance demonstrated by both groups. This is
done by either direct follow-up comments such as “Love that we are tackling this problem!” or “I like
where we are heading towards!” to show merits or positive reaction emojis such as under the
original thread [I1, I8, I9]. By observing the dynamics of the interaction, it becomes evident that
team members exhibit a shared sense of respect for each other, which could directly eliminate the
challenge of absence of trust summarized in Section 4.2 (RQ1).

In terms of cooperation, when SDEs intend to modify design works, they first notify and discuss
designers rather than make changes without acknowledging them [I7], showing that UX is promoted
in the development team and the team members are exerting themselves to ensure group awareness.
For example, one developer suggested that “I am not familiar with the details of the interactive
window and how its editor is created but this should be possible” and used “to verify” to start a
discussion with designers before making changes [I7]. Another notable finding is that both groups
clearly understand each other’s field and background. For instance, developers can showcase their
ideas by creating simple prototypes, indicating their capacity to convey design concepts [I15].
Designers have basic technical knowledge and understanding of the codebase, enabling them to
locate UX bugs or even make coding contributions [I11, I12, I14]. This mutual understanding and
proficiency across disciplines mitigate the challenge of Educational disparities, contributing to
smoother collaboration and effective communication between the two groups of experts.
However, we also identified several collaboration challenges from those issues. For instance,

although design artifacts are included in the issue posts, most of the time when developers want
to comment on the design artifacts, they are not able to add annotations freely but can only react
with emojis, leave text comments or regenerate new visual artifacts under the original thread [I3],
indicating that the current platform is inadequate for facilitating efficient communication involving
non-textual artifacts and may lead to misunderstandings. Moreover, geographical separation causes
further inefficiency in communication. Unlike face-to-face discussions or meetings where team
members can provide instant reactions and feedback, sometimes designers do not participate in
further discussion [I17]. For the VScode project, we noticed that most developers are based in
Zurich Switzerland, whereas two major designers are based in Seattle, USA. The time difference
between them causes a delay in responses [I16].

5 Discussion
Through our comprehensive examination of the existing academic literature and non-academic
sources, we have pinpointed (1) three significant challenges faced in collaborative efforts between
SDEs and UXDs, (2) two main categories of best practices that hold the potential to alleviate these
challenges, and (3) how current collaboration tools and practices reflect these challenges and best
practices. Figure 7 provides an overview of these findings, representing their connections. Below, we
discuss our contributions to advancing previous SLRs on similar topics, as well as the implications
of our findings on tooling support, education, and future research.
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Fig. 7. Fishbone diagram of collaboration challenges, corresponding best practices, and supporting tools.

5.1 Addressing Research Gaps and Advancing Prior SLR Studies
Compared to previous SLR studies, our work has several unique contributions. First, most previous
SLR studies on UXD-SDE collaboration have examined the integration of Agile development
methodologies and user-centered design, emphasizing process and management aspects [52, 58, 70,
101, 103]. In contrast, our research broadens the focus to include software development as a whole,
without limiting it to specific development models. Although the Agile model appears promising,
there is no evidence to suggest it has been universally adopted across all software development
contexts, including the crucial and influential realm of open-source software development [46, 77].
Agile literature and frameworks emphasize the necessity for teams to be small, stable, and whole,
but it is unrealistic to achieve these goals in many software development environments [104].
Our expanded focus on UXD-SDE collaboration has contributed to identifying challenges and
best practices that are important for both agile teams and beyond. For example, we identified
that the challenge of UX de-emphasized is rarely discussed in papers focused on agile teams but
more frequently investigated in open-source software projects [6]. At the same time, we also
found that papers touching on agile, open-source, and traditional software development models
have discussed many common issues regarding UXD-SDE collaboration. These results highlighted
the importance and prevalence of collaboration issues between UXDs and SDEs. Regarding this
commonality, our review also included papers that are closely related but were published in venues
not considered in earlier research, such as the Journal of System Software and Information and
Software Technology. This expanded collection has contributed to identifying new challenges, such
as blurry boundary [35] and mismatch of expectations [67].
Moreover, our review encompasses a broader scope of resource collection, covering literature

from important venues in both HCI and SE and triangulating it with real-world discussions in
forums and open-source issue trackers. When it comes to the topic of UXD-SDE collaboration, the
boundary between the fields of HCI and SE is blurry, as is the line between practice and research
in this area. We found that papers published on this topic in HCI and SE venues discussed similar
problems. The differences in their perspectives are much less prominent than the similarities in
the problems these two fields targeted and the findings the studies revealed. The previous SLRs
have never adopted this broad angle, encompassing both academic literature in multiple fields and
real-world scenarios. As a result, our study has identified topics that earlier SLR studies overlooked,
particularly related to human factors that tackle specific challenges, such as a lack of mutual
understanding, absence of trust, and mismatched expectations, as well as the corresponding best
practices, including improved communication, promotion of UX in development-driven teams,
and the establishment of a shared vocabulary. By analyzing online discussions and open-source
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project repositories, we also used insights from practitioners with expertise in UX and SE fields
to triangulate previously identified challenges and understand their practical implications.

5.2 Better Tooling Support to Integrate Both SE and UX Artifacts.
Based on our literature review, a considerable number of identified challenges are related to the
isolation between SE and UX, especially their processes and artifacts. While boundary artifacts
are often defined between SDEs and UXDs, the iteration of the artifacts is often done in the
corresponding field, with little input from the counterpart. When exploring open-source platforms
for information on collaborations between UXDs and SDEs, we also discovered a scarcity of projects
that actively emphasized discussions about UX-related issues. Likewise, conversations among UX
designers on Reddit revealed that these designers often do not feel comfortable participating in
code reviews on GitHub because of the barrier faced by those who are not developers [91]. This
observation implies the underutilization of GitHub among UX designers or a lack of consideration
for UX-related quality attributes during the open-source development process, echoing findings
from previous work [49, 89, 96, 107]. In future research, it would be valuable to explore tool support
that lowers the barrier for experts from both fields, integrates SE and UX artifacts, and facilitates
collaboration between UXDs and SDEs. This integration could be achieved by considering the two
potential scenarios:

Scenario 1: Decentralized Platforms With Seamless Integration. Improved tooling support
is needed to seamlessly integrate platforms used by software developers (e.g., GitHub, GitLab) with
those used by UX designers (as described in Section 3.2). Since UX artifacts are often visual and not
supported in software development platforms, UX designers resort to suboptimal workarounds, such
as sharing and commenting on screenshots, to convey their ideas [2, 96]. Despite efforts to integrate
these two types of platforms (e.g., GitLab Design Management9), there remains significant room for
improvement. For instance, Sketchboard allows for the embedding of designs into markdown files in
GitHub repositories [102] but is not primarily designed for enhancing collaboration purposes. Figma
also introduced FigJam [38], which advocates for the integration of collaborative software devel-
opment and collaborative UX/UI design. Since the feature has been recently introduced, it remains
uncertain whether it adequately addresses the needs and resolves the collaboration challenges.
Scenario 2: Centralized Platforms. Alternatively, an ideal platform should accommodate

both UX designers and software developers within a shared workspace, despite their distinct
objectives, by facilitating the seamless exchange of boundary objects [3], thereby eliminating the
need to switch between disparate websites and incompatible artifacts. For example, the current
software development tools such as GitHub and Jira include sufficient features to support various
SE roles, such as developers, quality assurance experts, and project managers. New features in
those tools can be considered incorporating the tasks typically performed by UX roles, such as
user researchers and UX designers. Several discussions indicate that using multiple platforms
for collaboration is sub-optimal. For instance, a UX designer inquired on Stack Overflow about
the process of uploading Figma files directly to GitHub to enhance team collaboration; however,
subsequent feedback revealed that this approach inadvertently obstructed the timely editing of
Figma files when needed, proving counterproductive [82]. Similarly, inquiries on Reddit underscore
the ongoing challenge of streamlining the integration between design and development processes,
revealing a lack of universally accepted solutions to address this issue [92]. These problems might
be addressed with a centralized platform that puts SE and UX tasks and artifacts together.

9https://docs.gitlab.com/ee/user/project/issues/design_management.html
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5.3 Educators From HCI, CSCW, and SE Fields Need to Work Together to Design an
Integrated and Systematic Training Process.

Out of the 45 papers gathered, only a single paper examined the collaboration between UXDs
and SDEs in a classroom setting [4]. This suggests that there may be a necessity to focus on
developing more effective training programs to raise awareness of better collaboration. Moreover,
many challenges we identified in the literature review, such as different professional behaviors and
lack of mutual understanding, are rooted in discrepancies in the mindsets of SDEs and UXDs. These
mindsets, in turn, originated from the education of SDE and UXD practitioners. SE education
typically focuses on software development best practices, such as software design and the agile
model, which offer numerous advantages, but they frequently neglect concerns associated with UX
design [4]. For example, while the proposed curriculum [100] for software engineering programs
has acknowledged collaboration with stakeholders, the documentation does not explicitly address
the decision-making process and potential trade-offs that can arise during such collaborations.
Moreover, even though an increasing number of software engineering courses started to incorporate
UX into software development, the short sprints limited by course length make fitting UX into
software development challenging [4].
On the other hand, UX and HCI education often addresses user-centered design-related topics,

such as user inquiry, prototyping, and usability testing, omitting subjects like software process
and development concerns. In the HCI curriculum defined by the ACM SIGCHI [51], software
developers (SDEs) were merely mentioned, let alone the aspect of collaboration between these two
expert groups. Our results indicate that the fundamental solution for the SDE-UXD collaboration
issue might be to incorporate the counterparts in the education of both fields. We believe that such
an integration in training would ripple out and result in synchronization in practice. Developers
and designers should collaborate in creating enhanced training programs for upcoming generations,
aiming to improve the efficiency of collaboration within interdisciplinary teams.

5.4 Future Research Needs to Investigate Better Strategies to Align UX and SE
Lifecycles and Activities.

Earlier studies have put forth the idea of integrated software development lifecycles [10, 26, 39, 79,
86, 101, 106], where UX design could be conducted from Sprint 0 before the development starts
and also has frequent collaboration points to communicate to ensure the group awareness and
avoid misunderstanding. Alhammad and Moreno [4] summarized a case study regarding the lesson
learned on integrating UX lean into the agile development model via a software engineering course.
Similarly, Sfetsos et al. [99] also reported a case study with a similar setting with the focus on
the defects decrease. However, anecdotal evidence still indicates the persistence of inefficient
collaboration and challenges outlined in RQ1 (Section 4.2). Subsequent research may necessitate a
reexamination of lifecycle designs and the execution of field studies in diverse real-world settings
encompassing various organizational structures. These efforts can shed light on trade-offs and
support deliberate decision-making in the collaboration between UXDs and SDEs.
The challenges intensify significantly when creating software tailored to specific domains. As the

challenges of collaboration between UXDs and SDEs remain unresolved, the situation becomes
increasingly dire and complex when additional stakeholders become involved, making resolution
more challenging. With the rising popularity of artificial intelligence (AI) and its integration into
numerous software systems, researchers in the SE communities have explored the collaboration
difficulties associated with constructing AI-enabled software projects [78]. Similarly, in the HCI
communities, researchers also investigated how to improve the collaboration efficiency between
UX designers and AI experts [69, 113]. Nevertheless, we did not find papers discussing the three
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groups of experts working together. We aspire that this research can serve as a catalyst for fostering
collaboration between and beyond SDEs and UXDs, facilitating the refinement of best practices
and the development of efficient collaboration processes. The same idea would be applicable to
any domain-specific software, such as improving the usability of scientific software [88], where
collaboration among UXDs, SDEs, and research scientists is essential.

6 Limitations
All research design comes with limitations. Therefore, readers should exercise caution when general-
izing findings beyond the boundaries defined by the methods employed. Firstly, despite conducting
extensive searches across five academic databases, we may have overlooked some pertinent papers.
To address this, two researchers independently retrieved literature data to ensure the most compre-
hensive data collection. Additionally, forward and backward snowball sampling were employed
to thoroughly review moderation research. Secondly, our research primarily concentrated on the
collaboration between UXDs and SDEs, excluding studies from other domains. Subsequent research
endeavours could explore the collaboration between UXDs and SDEs in the development of domain-
specific software, such as AI-based software or scientific software. This broader investigation is
warranted as collaboration in these contexts often involves domain experts. Another limitation is
that our case study on open-source project issues only focuses on the VS Code project as an initial
exploratory case. As a result, the findings may not be applicable to a broader range of projects.
Future research should consider examining additional projects to expand the scope and validate
the generalizability of the results.

7 Conclusion
We presented an SLR about collaboration challenges between SDEs and UXDs, followed by a post
and issue search to examine the current state of collaboration. By analyzing selected papers, we
identified three key collaboration challenges and six best practices. We also complement the SLR
with an analysis of online forum posts and issue discussions to examine the current state of designer-
developer collaboration. Our findings can be applied beyond the partnership between SDEs and
UXDs, such as collaboration with product managers and machine learning engineers. Those good
practices and interventions suggested also act as a reference for several future research directions.

8 Data Availability
All papers, posts, and issues we reviewed are available in this repository: https://github.com/
FORCOLAB-UofToronto/CSCW2025-WhoIsToBlame.
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A.2 Issue Links
This section presents a list of all the referenced issue links in the main text.
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[I17] https://github.com/microsoft/vscode/issues/119776

A.3 List of Keywords
In the data processing process, we utilized specific keywords in both the paper titles and publication
titles to exclude studies in other fields that are not related to UX and SE, or those presented at
minor or regional conferences.
Small and local conferences: symposium, workshop, seminar, congress, phd school association,
country, jubilee, Asia-Pacific, latin, north american, asia, australasian, arabic, euromicro, brazilian,
malaysian
Other fields: avionics, cyber security, security, distributed computing, image processing, blockchain,
wearable, api, java, reality, augmented, virtual, 3d, hardware, image, visual, algorithm, query,
machine, cloud, network, companion, extended abstracts, smart contract, crypto, dataset, computing,
data, graph, machine learning, operating system, computational, securing, health, secure, power,
deep learning, memory, prediction, optimization, optimize, xml, sql, clone, generator, generation,
calculation, calculate, auto, toolkit
In this step, we filter out 824 papers. All filtered papers are reviewed by the first author to ensure
there is no false negative.

Received 16 January 2024; revised 11 July 2024; accepted 09 December 2024

Proc. ACM Hum.-Comput. Interact., Vol. 9, No. 2, Article CSCW207. Publication date: April 2025.

https://github.com/microsoft/vscode/issues/119776

	Abstract
	1 Introduction
	2 Related Work
	2.1 Collaboration Scenarios During Software Development Process
	2.2 Related SLRs on SE and UX Integration

	3 Review Protocol
	3.1 Systematic Literature Review
	3.2 Analyzing SE&UX Discussions in Forums and Issue Trackers

	4 Results
	4.1 Quantitative Overview
	4.2 (RQ1) Challenges of UX and SE Collaboration
	4.3 (RQ2) Best Practices to Overcome Collaboration Challenges
	4.4 (RQ3) Current State of UX & SE Collaboration

	5 Discussion
	5.1 Addressing Research Gaps and Advancing Prior SLR Studies
	5.2 Better Tooling Support to Integrate Both SE and UX Artifacts.
	5.3 Educators From HCI, CSCW, and SE Fields Need to Work Together to Design an Integrated and Systematic Training Process.
	5.4 Future Research Needs to Investigate Better Strategies to Align UX and SE Lifecycles and Activities.

	6 Limitations
	7 Conclusion
	8 Data Availability
	Acknowledgments
	References
	A Appendix
	A.1 Post links
	A.2 Issue Links
	A.3 List of Keywords


