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ABSTRACT

Background and Context. Research software in the Comput-

ing Education Research (CER) domain frequently encounters issues

with scalability and sustained adoption, which limits its educational

impact. Despite the development of numerous CER programming

(CER-P) tools designed to enhance learning and instruction, many

fail to see widespread use or remain relevant over time. Previous

research has primarily examined the challenges educators face in

adopting and reusing CER tools, with few focusing on understand-

ing the barriers to scaling and adoption practices from the tool

developers’ perspective.

Objectives. To address this, we conducted semi-structured in-

terviews with 16 tool developers within the computing education

community, focusing on the challenges they encounter and the

practices they employ in scaling their CER-P tools.

Method. Our study employs thematic analysis of the semi-

structured interviews conducted with developers of CER-P tools.

Findings. Our analysis revealed several barriers to scaling high-

lighted by participants, including funding issues, maintenance

burdens, and the challenge of ensuring tool interoperability for

a broader user base. Despite these challenges, developers shared

various practices and strategies that facilitated some degree of suc-

cess in scaling their tools. These strategies include the development

of teaching materials and units of curriculum, active marketing

within the academic community, and the adoption of �exible design

principles to facilitate easier adaptation and use by educators and

students.

Implications.Our �ndings lay the foundation for further discus-

sion on potential community action initiatives, such as the repos-

itory of CS tools and the community of tool developers, to allow

educators to discover and integrate tools more easily in their class-

rooms and support tool developers by exchanging design practices
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to build high-quality education tools. Furthermore, our study sug-

gests the potential bene�ts of exploring alternative funding models.
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1 INTRODUCTION

The computing education research (CER) community has devel-

oped many programming support tools over the years, such as

hints, visualizations, debugging support, and teacher dashboards,

to support both students and instructors, enhance the learning ex-

perience, and facilitate more e�ective instruction. Papers published

on these tools in CER venues such as ITiCSE, SIGCSE, and ICER

often present evidence that these tools can be e�ective, suggesting

that they have the potential to improve student learning outcomes

and support instruction. In this paper, we refer to these educational

programming support tools that are developed by the CER com-

munity and presented in peer-reviewed CER publications, as CER

programming tools, or CER-P tools for short. Although many

studies point to the positive student outcome of CER-P tools, it is

not clear how widely these CER-P tools are adopted in comput-

ing classrooms or what impact they have. This gap highlights the

importance of exploring the barriers faced by CER-P tools devel-

opers and identifying practices to overcome these challenges. This

will help to promote wider adoption and maximize the educational

bene�ts of these innovative tools.

Promoting the use of research tools is important for two main

reasons. First, many CER-P tools have undergone rigorous eval-

uation studies that show that they have a signi�cant impact on

student outcomes (e.g., [8, 11, 15, 16, 18, 32, 34–37, 44, 49, 50]).

Bringing these systems into classrooms has the potential to spread

these learning gains more widely. Secondly, when CER-P tools have

312



ICER ’24 Vol. 1, August 13–15, 2024, Melbourne, VIC, Australia Tran, et al.

more users, there are more opportunities to learn from these users

through larger studies, which can advance our knowledge of stu-

dent learning and improve the design and impact of the systems.

Expanding the use of CER-P tools can help bridge the gap between

research and practice, fostering higher quality research and better

evidence-based tools supporting better learning outcomes. It is im-

portant to identify barriers and challenges that hinder the scaling

and widespread adoption of these tools, as well as to explore the

experiences and perspectives of tool developers.

Prior work has highlighted the importance of – and challenges

of – CER tool adoption and reuse (including both tools focused on

programming support and CER tools more broadly). Blanchard et al.

[3] found that many CER tools are redundant, and argued against

the current CER culture of recreation rather than adoption and

improvement. Barker et al. [1] identi�ed factors that instructors use

to select CER tools for use. Hovey et al. [14] interviewed successful

CER researchers and tool developers to identify their best practices

for scaling up. However, as addressed in Section 2, three key aspects

missing from the current literature are 1) an understanding of the

scale of the challenge (how hard is it for CER-P tools to scale up?),

2) an understanding of the barriers that hinder the scaling up and

widespread adoption of these tools, and 3) the perspectives of not

only successful CER-P tool developers, but also from those who are

just beginning – and perhaps struggling – to scale up.

In this study, we investigate the barriers to scaling up, practices

adopted to facilitate wider adoption of CER-P tools, and propose

support infrastructure for the CER community. To this end, we con-

ducted a semi-structured interview with 16 CER-P tool developers.

The interviews covered developers’ objectives, the impacts of their

tools, and the challenges they face in expanding their reach. We

then analyzed the data using thematic analysis across the various

CER-P tools to identify barriers and practices. Our �ndings are

guided by the following research questions:

RQ1: What barriers do CER-P tool developers face in developing,

maintaining, and promoting their tools?

RQ2: What practices do CER-P tool developers adopt to overcome

these barriers and increase the adoption of their tools among

educators and students?

RQ3: What forms of community action initiative could facilitate

the broader adoption and scalability of CER-P tools?

Our research �ndings show systemic barriers to scaling of CER-

P tools, including funding challenges, maintenance burdens, and

interoperability issues, while also identifying strategies that have

contributed to scaling successes. By focusing on developers’ per-

spectives, a novel approach within this domain, our �ndings o�er

insight into overcoming these obstacles and facilitating broader

adoption and scaling of CER-P tools. We argue for a signi�cant shift

within the CER community to recognize and promote the intrinsic

value of educational tools based on their impact and utility, rather

than on the extraordinary e�orts of developers. This study empha-

sizes the need for systematic support and sustainable mechanisms,

such as community-driven initiatives such as a CS Tool Repository

and Community Network, to enhance tool engagement and value

perception. Through highlighting both the challenges and the suc-

cessful practices for adoption, our research shows the importance

of developing sustainable support and acknowledgment systems for

CER-P tools to ensure their e�ective utilization and greater impact

in educational settings.

2 RELATED WORK

Value of CER-P Tools. The value of CER-P tools is evident within

the CER community. These tools perform a range of functions,

such as visualization [11, 38, 39, 39, 40], auto-graders [26, 31, 50],

assessment [19, 33], and programming environment [2, 7, 20].While

each tool serves a unique purpose, the common theme among them

is their facilitation of programming practice, discussed further in

Section 3.1. Some studies have shown that CER-P tools can have

a positive e�ect on student outcomes, increasing engagement and

comprehension [8, 11, 15, 16, 18, 32, 34–37, 44, 49, 50]. However, not

all CER-P tools have been found to be bene�cial, with some showing

little to no e�ect on educational outcomes [4, 40]. This highlights

the potential for further research to support the wider adoption of

CER-P tools, leading to a better understanding of diverse student

users and creating better evidence-based tools.

Educator/User Perspectives. Blanchard et al. (2022) [3] conducted

a comprehensive survey on users of existing tools in the CSEd

community, focusing on the use, challenges, and barriers related

to the deployment, development, and maintenance of open source

and commercial software. Their study emphasizes that many CER

tools are redundant, arguing against the CER culture of recreation

rather than adoption and improvement. Their �ndings revealed that

availability and discoverability are major obstacles, with educators

often learning about tools through word-of-mouth or inheritance

from previous courses. This perspective, although important, lacks

a detailed understanding of developer challenges, highlighting the

need for our work that focuses on tool developers.

Several studies have explored factors a�ecting the adoption of

educational innovations. Barker et al. (2015) [1] investigated the

factors that in�uence CS faculty in adopting teaching practices,

but did not address the scale or barriers to tool adoption. Ni (2009)

[30] examined factors in�uencing CS teachers’ adoption of curricu-

lum innovations, �nding that teacher excitement drives adoption

while organizational and social issues inhibit it. Taylor et al. (2018)

[45] surveyed the existing scholarship in STEM higher education

to identify factors that motivate or inhibit educators’ decisions to

adopt teaching innovations and argued that researchers must con-

sider how educators will use their innovation from the inception of

their design. Although these studies provide valuable insights into

educator perspectives, they do not address the speci�c challenges

faced by CER-P tool developers in creating and scaling their tools.

Developer Perspective. Prior studies on the developer perspective

have been largely one-sided, focusing mainly on successful CER

tool developers, such as the interviews conducted by Hovey et al.

(2023) [14] with 14 CSEd researchers and developers on recruitment

strategies and user base maintenance. While insights are valuable,

this leaves a gap in the understanding of developers who are in

the early stages or struggling to scale up. Guo (2021) [11] provided

design guidelines for scalable and sustainable academic software,

but did not address the speci�c di�culties faced by tool developers.

Although existing research has explored the views of highly

successful tool developers and educators on the adoption and use

of tools, it has largely overlooked the experiences and challenges
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of CER-P tool developers who are just starting or struggling to

scale their tools. The factors impeding the dissemination of smart

learning content in CS education, as investigated by Brusilovsky

et al. (2014) [5], and the challenges of aligning technology with

pedagogy, as discussed by Haaranen et al. (2023) [12], further mo-

tivate the need to understand the barriers that hinder the scaling

and widespread adoption of CER-P tools. There remains a greater

understanding of the scale of the challenge, the barriers that hinder

the scaling and widespread adoption, and the perspectives of a

more diverse group of CER-P tool developers. Our work �lls this

void by surveying and interviewing a broad array of CER-P tool

developers, aiming to better understand the barriers and potential

helpful resources from the perspective of the CER-P tool developer.

3 METHODOLOGY

In this methodology section, we describe our coding review process

and provide details of our participants. Initially, we conducted a

survey targeting CER-P tool developers to identify potential par-

ticipants and gather preliminary insights and laid the groundwork

for the subsequent phase of our research. Following the survey,

the goal of this work is to gain a deeper understanding of CER-P

tool dissemination directly from tool developers and to conduct

a thematic analysis of their responses. Thus, our approach to an-

swering the research questions of this study involved a series of

semi-structured interviews with CER-P tool developers identi�ed

in the CER community.

3.1 Population & Study Context

To identify tools that align with our inclusion criteria (detailed

below) for CER-P tools, we implemented a two-step approach. Ini-

tially, we focused on curating a list of relevant CER-P tools, which

are often published in computing education venues to demonstrate

their educational impact. Therefore, our �rst step for the curation

was guided by a literature review across the main CER publication

venues. These venues include the ACM Special Interest Group on

Computer Science Education (SIGCSE), ACM Innovation and Tech-

nology in Computer Science Education (ITiCSE), ACM International

Computing Education Research (ICER), ACM Transactions on Com-

puting Education (TOCE), and the Journal of Computer Science

Education (CSE). Additionally, we also expanded our search to Edu-

cational Data Mining (EDM) and Learning Analytics & Knowledge

(LAK) as some CER-P tools potentially include advanced features

such as machine learning models that are published in these venues.

Our review spanned publications from 2018 to 2022 (the most recent

publication year at the time of our research) to focus on the most

recent advancements in CER-P tools. Both research articles and

"experience report" or "tools" papers were considered, since CER-P

tools are published in both. An inter-rater agreement process was

deemed unnecessary here for our inclusion criteria, as the initial

round of review focused on broadly identifying potential candidates

CER-P tools without stringent adherence to the inclusion criteria

among all reviewers. Subsequently, the �rst author rigorously re-

viewed the work of the other three coauthors to ensure consistency

to the inclusion criteria, with the process concluding with a �nal

review by both the �rst and �fth authors, thereby maintaining a

high standard of reliability without the need for formal inter-rater

agreement. Additionally, our second approach involved evaluat-

ing the list of tools (both academic and industrial) identi�ed by

Blanchard et al. [3] that are adopted by computing educators for

their classrooms. This process potentially included tools past �ve

years but ensured our review was comprehensive and had a wide

coverage of CER-P tools. From these two approaches, we curated

a list of 146 CER-P tools that met the inclusion criteria, available

online.

3.2 Inclusion Criteria

We used the following inclusion criteria to guide our curation pro-

cess to �nd CER-P tools. The criteria included: (1) Novelty: Tools

must be novel and initially created by the authors. (2) Facilitation

of Practice Problems: Tools should support programming practice,

supporting students during the learning process or instructors in

providing practice opportunities. (3) Standalone or Integrable: The

tool may either function as a standalone interface or integrate with

existing programming practice environments. (4) Educational Pur-

pose: Tools must be designed with a clear educational objective

that is suitable for classroom use, or aimed at achieving educational

goals for either students or instructors.

3.3 Survey Content & Distribution

To increase the participation rate, we sent out personalized tailored

emails to each of the participants with reference to their speci�c

tool and paper. Interested participants were required to complete a

consent form before proceeding to the survey. The survey contained

�ve sections focused on gaining an initial understanding of the re-

searcher’s tool, primary goals and motivation, barriers faced, and

potential support needed for broader adoption. The initial survey

contained 39 complete responses, where detailed discussion and

�ndings are not in the scope of this paper. From the initial group

that completed the survey, 23 participants consented to be con-

tacted for a follow-up semi-structured interview, scheduled at their

convenience. Participants were contacted at the start of Summer

2023, with one round of follow-up emails. Of these 23, 16 responded

to our invitation and completed the interview. Interviews were

conducted via Zoom by the �rst author, recorded, and analyzed for

thematic content. Although our method was designed to capture a

wide range of perspectives from tool developers, we acknowledge

that there is a risk of participation bias due to the voluntary na-

ture of survey completion and interview consent. We discuss the

possibility for self-selection bias in Section 5.

3.4 Semi-Structured Interview

Since the goal was to understand the barriers (RQ1), practices (RQ2),

and potential community-driven solutions (RQ3) associated with

the deployment and scaling of CER-P tools, these interviews were

designed to explore those topics in greater detail, allowing us to

gather further insights while maintaining the �exibility to explore

emergent themes. It is important to note that the authors’ involve-

ment in the SPLICE (Standards, Protocols, and Learning Infras-

tructure for Computing Education) project, which aims to develop

technology and data infrastructure for CS education research, has
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informed their perspective on potential community action initia-

tives to support CER-P tool developers. This in�uence is re�ected

in the questions asked during the interviews.

The semi-structured interview consists of four parts:

Barriers faced. The �rst section of the interview focused on iden-

tifying primary barriers faced by tool developers in deploying and

scaling up their tools. We askedWhat are the biggest challenges to

deploying or scaling up the use of your tool?, what barriers did you

encounter?,

Practices employed. We asked participants two sets of question

here about practices they employed: (1) If scaled, how much of the

time and e�ort you spent on the system went to making the system

useful for people outside of your classroom, and (2) For each of the

primary barriers mentioned, Can you elaborate on how these strategies

were implemented and their e�ectiveness?

Primary Resources. The third section probes participants to dis-

cuss potential community action initiatives that would help with

tool dissemination. Informed by the authors’ involvement in the

SPLICE project, we asked (1) Community Network of Tool Developers:

What might that community look like?, (2) Repository: What might

that repo look like?, and (3) Software Libraries: What are common

tasks you think you and others might bene�t from having libraries

for (e.g. source code analysis, etc.)? We chose to focus on these 3 spe-

ci�c ideas based on community interest at prior SPLICE workshops

that have engaged CER-P developers, Our goal was to inform how

these ideas might best support CER-P developers’ needs. However,

we make no claim that these 3 ideas are the best or only ideas for

supporting CER-P developers.

Learning Experience. In the last section, we asked participants

to share their learning experiences. Finally, we asked, (1) Looking

back, is there anything you would do di�erently in the development

or implementation of your tool? and (2) What advice would you give

to someone who is planning to develop a similar tool?

3.5 Data Analysis

For the analysis of our interview data, we adopted an inductive

thematic analysis approach. Since our focus is not on making quan-

ti�able claims with our codes and the nature of our interview is

heterogenous where each participant’s interview contains rich and

personalized data, we did not capture any agreement metric such

as inter-rater reliability. Instead, we focused on using coding as a

tool for the organization and identi�cation of emerging themes,

as discussed in Hammer and Berland [13]. Our data processing

started with a joint coding session of one interview to establish a

baseline. Subsequent meetings involved a team of four researchers

resolving coding con�icts and agreeing on consistent tags to ensure

a coherent analysis of the interview data. Our analytical process

started with a collaborative coding session of a single interview

transcript to establish a foundational set of codes and to calibrate

our coding approach.

To support our coding and analysis e�orts, we utilized Atlas.ti

for qualitative data analysis. We additionally leverage memos to

serve both as a tool for de�ning initial codes and as a record of

the evolution of our code de�nitions over time. These memos were

instrumental in capturing the rationale behind each code and in

tracking the iterative re�nement of our coding schema. Regular

team meetings were scheduled to discuss code de�nitions, resolve

any coding con�icts, and ensure a consistent application of codes

throughout the data set. These discussions helped to achieve con-

sensus among researchers, but also provided a forum for re�exive

engagement with the data, which allowed us to iteratively re�ne our

code de�nitions in light of new insights. The iterative nature of our

analysis process, characterized by ongoing discussion and re�exive

engagement with the data and code de�nitions, was informed by

constructivist grounded theory methods [28]. This iterative process

of code re�nement involved a detailed line-by-line, code-by-code ex-

amination of each interview transcript. Through this approach, we

were able to identify and elaborate on emerging themes, ensuring

that our thematic analysis was both representative and grounded

in the data. The absence of a quanti�able agreement metric, such

as inter-rater reliability, was a deliberate methodological choice,

re�ecting our commitment to a constructivist paradigm where the

emphasis is placed on the richness and depth of thematic insights,

rather than on the quanti�cation of coding consensus.

4 RESULTS

4.1 Context

In this section, we provide context on the CER-P tools and roadmap

for the remaining sections. Table 1 provides a detailed overview

and context of the CER-P tools developed by the interviewees who

were part of our study. The table highlights course contexts, de-

ployment years, estimated impact on students and instructors, tool

classi�cations, and relevant citations. These attributes were pulled

from the survey. Other results of the survey are beyond the scope

of this paper.

It is important to note that the names of the tools developed

by the participants are presented in this table. We recognize the

potential for participants to be identi�able from this information,

which was addressed and consented to in the IRB documentation.

However, we chose not to link participants’ names with their quotes

in the analysis, as this did not further our research questions; there-

fore, that aspect of our data remains anonymized. The participants’

numbers (e.g., P1) are not linked to the corresponding table row.

It is essential to note that our research questions can only be

addressed by considering the responses from the participants in our

interview. There is a strong likelihood that response bias may have

a�ected our results, although the exact in�uence remains unclear.

For example, it is plausible that tool developers deemed as more

"successful," with higher tool adoption rates, were more inclined

to participate in a survey regarding their tools. However, it is also

plausible that our email invitation, which centered on barriers faced

to wider adoption, could have appealed to developers encountering

challenges. Further discussion of this limitation can be found in

Section 5.

In the remaining three sections, we present our �ndings on

systemic barriers to the creation, dissemination, and maintenance

of CER-P tools in Section 4.2, practices developed used to address

these barriers and increase adoption of their tool Section 4.3, and

potential community action initiatives that would be helpful for

developers Section 4.4.
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System Name CS course context Year de-
ployed

Estimated # of
students

Estimated # of
Instructors

Classi�cation Citation

Alloy4Fun Formal Languages 2018 400 3 Autograder [27]

Athene Class Agnostic 2005 1000 10 Assessment [48]

BlueJ CS1 1999 30,000,000 100 IDE [22]

BOSS Class Agnostic - - - Assessment [17]

CodeHelp Class Agnostic 2023 60 3 LLM-based [24]

DLUnit Computer Organiza-
tion

2018 1000 4 Autograder [23]

Dr. Scratch Class Agnostic 2015 3,500,000 100,000 Assessment [29]

Greenfoot High School 2007 3,500,000 10,000 IDE

JAAL Data Structures and
Algorithms

2020 400 1 Visualization; Auto-
grader

[47]

Moodle Trace
Generator

CS1 2020 600 1 Assessment [41]

Mumuki All Age 2014 100,000 250 Autograder; IDE; As-
sessment

[10]

OpenDSA Data Structures and
Algorithms

2013 100,000 50 Visualization; E-
textbook

[9, 42]

PythonTA CS1 2016 30,000 10 Static Analysis; Assess-
ment

[25]

SecureCVisual CS1 - - - Visualization [6]

SQLFE (SQL File
Evaluation)

Database Systems 2019 - - Autograder [51]

TigerJython K-12 2012 500,000 1,000 IDE; Visualization [21]

Table 1: Summary of CER-P Tools interviewed. "-" indicates that the participant did not disclosed or scaled up their tool.

4.2 Barriers

4.2.1 Lack of Incentive for Development and Deployment Beyond

Publication. A barrier participants faced in the transition from a

research prototype to a user-center learning tool is the magnitude

of e�ort required to develop a system to meet academic standards

while also being robust enough for widespread adoption. P7’s re-

mark captured this tension, noting:

"You don’t get to the boring bits [because] it’s not the

interesting research. So you’re just concentrating on

the interesting bit. And if you want to release it pub-

licly and actually say in good conscience to someone

at a university, ‘You should use this with your course,’

then it has to all work, and that’s a lot of e�ort to

get from the point where you have a proof of con-

cept prototype that you can use yourself, that shows

the interesting bit that you actually want to do your

contribution, to actually then do all the boring bit to

make it a properly working tool."

P5 corroborated this point and suggested that there is a "bigger

gap" between a functioning prototype and a reliable system for

wide adoption than people expected. This barrier is not merely

technical but is also compounded by the lack of incentive structure

in the academic system to justify the "extra e�ort" for the sake of

publishing a paper. P10 attempted to estimate the magnitude of

e�ort, stating:

"For a paper, you need to spend X amount of e�ort

on a prototype. And if you want to have a tool that is

useful for other people, you have to spend 10X that

e�ort."

4.2.2 Handling Educational Tool Maintenance Challenges. Partici-

pants identi�ed maintenance, including managing user inquiries,

updating documentation, and ensuring software compatibility, as

a barrier to wider adoption of their tool. For example, P15 high-

lighted the di�culty in handling user questions or bug reports as a

secondary responsibility to teaching and other duties, stating:

"The other big issue is just around �elding user ques-

tions or bug reports. [...] This is very much a side

part of the job for me, in addition to my teaching and

other responsibilities. And so, de�nitely, that part of

the maintenance, not of the software itself, but of the

customer relations or the client relations, is challeng-

ing."

P7 shared their experience with the volume of feedback received

following wider adoption, which included not just bug reports but

also numerous feature requests:

"Once [our tool] took o� andwas adopted, we got a lot

of bug reports and feature requests, quite extensively."

Another aspect to maintenance developers have to consider is

the need for constant updates to documentation, as described by

P14 who stresses the di�culty in creating and maintaining clear,

accessible instructions for both instructors and students:

"The main challenges were around creating and then

maintaining documentation for the tool, both for in-

structors who were considering its use and had ques-

tions, and for students who would be using it and

would de�nitely have questions. Scalability is an is-

sue on the user support front because while there is a

documentation website, it’s not amazing and needs

work."
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Furthermore, P2 addressed the need for regular software up-

dates to maintain tool functionality within ever-evolving software

ecosystems:

"Any software system is never operating in a vacuum.

It’s in an operating system that’s constantly evolv-

ing, and the libraries that it relies on are constantly

evolving. [...] So, someone’s got to keep updating this

stu�, has to update the operating system, update the

security certi�cates every year, and on and on."

4.2.3 Securing Sustainable Funding for Ongoing Maintenance. Par-

ticipants mentioned the di�culty in securing sustainable fund-

ing for the ongoing maintenance of their tools. While there exist

mechanisms to obtain funding for the initial development of tools,

maintaining the tool after its development and initial funding have

completed poses challenges. P16 expressed this concern, stating:

"The problem often arises when the grant that we

have for developing the software runs out. We no

longer have funding to maintain the code, to improve

the code, [or] to �x bugs, and then [we’re] stuck with

me doing that and being department chair, I don’t

have time to do that."

P2 echoed this sentiment, highlighting the challenge of funding

for maintenance when research funding tends to prioritize novelty:

"It’s a struggle to keep it maintained. To the extent

that we get new, innovative stu� and researchy ideas,

we can get research funding. But it’s harder to get

funding for maintenance."

Due to the challenges of securing funding, P10 highlighted the

personal �nancial commitment required to keep their tools opera-

tional:

"At this time, I pay for [the hosting] on Google Cloud

[...] €70 every month out of my pocket because it’s

di�cult to �nd funding."

Acknowledging the challenges posed by limited funding, many

participants acknowledged the imperfections in their CER-P tools.

P9 re�ected:

"I think the major problem is that we’ve literally had

no funding, except for like $2,000 to $3,000 that we

got from donations. [...] We know there are a couple

of bugs in it, but we just do not have the resources to

address them."

The �nancial challenges associated with maintaining tools have

made several developers cautious about scaling up. For example,

P11 noted:

"If I signed up ten more teachers with a thousand

more students, I’m like, ’Okay, well, now I have to

pay more. So how am I going to handle this?’ [...] It’s

not a big deal, but like, somebody has to pay for it.

And so, when that starts happening, then it just gets

weird."

4.2.4 Lack of Developer Continuity in an Academic Se�ing. The

challenge of managing developer churn is two-fold: maintaining

consistent development practices amidst a revolving door of con-

tributors and navigating the limited time developers can dedicate

to the project. P15 captures the essence of the �rst challenge:

"The number of people involved in coding, updating,

�xing bugs, and various other tasks had grown quite

a lot. [...] As a result, we ended up with code that had

a massive variety of styles and approaches, clarity of

documentation varied greatly, and so, it was a mess.

We weren’t in a position to treat this as a commercial

project, with a hands-on manager keeping an eye on

it over many years."

This issue is compounded by the time constraints that developers,

often academic professionals with their own teaching and research

commitments, face. P3 highlighted the realistic limits of dedicating

e�ort to development work within the academic setting:

"For me, it was just purely �nding the time to do it

myself. I mean, when you’ve got teaching and service

requirements, �nding hours to actually program is

pretty rare these days."

4.2.5 Navigating the Complexity of Integration into a Modern Learn-

ing So�ware Ecosystem. Participants emphasized the importance of

using existing protocols, such as Learning Tools Interoperability

(LTI), to integrate with Learning Management Systems (LMSs) to

avoid reinventing functionality. However, some participants faced

technical barriers in adopting their tool with LMSs. For example,

P12 explained:

"It’s required quite a bit of custom software develop-

ment to integrate [my tool] into our learning man-

agement system. So, it requires some software devel-

opment. It is not available as a software package that

could be just integrated into a learning management

system."

The goal of making tools compatible across various LMS plat-

forms, while increasing their utility, signi�cantly complicates the

development process. P4 expressed a limited understanding of the

technical requirements for such integration:

"If we had the time or the manpower, [we] would

integrate them into [LMSs] like Moodle. I don’t have

any idea how this would be, maybe because I don’t

really understand how these tools work."

Similarily, P3 suggested:

"What I need is a step-by-step guide on how to cre-

ate an LTI 1.3 app. [...] After dealing with this tool,

everything I create from now on is going to be LTI

compliant and just work with everything."

These barriers emphasize the value of resources like SPLICE’s

LTI tutorial and indicate a greater need for e�ectively sharing

existing resources to enhance the design of educational tools.

4.2.6 Discussion of Barriers (RQ1). CER-P tools have an impor-

tant place in computing education and a measurable impact on its

quality. According to the developers’ own estimate, their tool has

had an impact on more than 37 million students. Studies on these

and other CER-P tools not only suggest that they can have a positive

impact on student outcomes [8, 11, 15, 16, 18, 32, 34–37, 44, 49, 50],
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but they also enabled important research analysis through large-

scale data collection (e.g. Blackbox [4]) and secondary research.

Given these tools importance, the systemic barriers to wider adop-

tion we present should therefore be concerning to the CER commu-

nity. Participants we interviewed emphasized that the problem lies

not in creating new tools - of which there are arguably too many -

but the barriers to securing funding, developing/maintaining and

promoting existing tools that have proven valuable to educators.

Our results suggest that many tool developers struggle to meet

educators’ needs with limited resources, and are sometimes discour-

aged from attracting wider audiences due to additional required

resources, often in misalignment with the funding and incentive

structures of academia. This aligns with �ndings from Hovey et

al (2023) that the current structure are heavily skewed towards

innovation and neglects maintenance and sustainability. This is

not inherently a �aw in academic/grant funding - if its goal is to

advance research, then it makes sense that it would fund research

rather than the maintenance of tools - but this nonetheless presents

a challenge for academically-developed tools.

To the extent that developers are able to scale up despite this

barrier, this may be due to dedication, characterized by voluntary

overtime and a passion of their work, or to rare fortune such as

industry funding (discussed below) - a scenario not easily replicable

for most. This suggests the need for more systematic support for

the CER-P tool ecosystem, such that the ability for an academically-

developed tool to reach wide adoption is a function of its impact

and use to educators, rather than the willingness of developers to

go above and beyond. In the next section, we discuss strategies

that CER-P tool developers use to address many of these barriers.

However, these strategies do not always work, nor do they address

every challenges. Therefore, in the �nal section of our results, we

discuss CER-P developers’ views on various community actions

that may address these barriers.

4.3 Practices

We found through our thematic analysis that the practices tool

developers discussed fall in three categories: funding, development,

and promotion/adoption. Practices are individually highlighted in

each section and discussed in further detail.

4.3.1 Funding. Several participants highlight the importance of

continuous support and Leveraging industry funding in tran-

sitioning projects into sustainable tools. For both P5 and P7, they

both discussed being "lucky to get industry funding". P5 re�ects on

how this is rare and often the compensation from tool developers

is love for labor:

"The problem for a lot of research is that they’d quite

like to do what we do—turn ideas into tools and con-

tinue to maintain them. But it requires continuous

funding, and a lot of tools grind to a halt because it’s

often just one very enthusiastic professor doing a su-

perhuman amount of work to get the tool out there.

But then, they can’t sustain it long term."

P7 further highlights the impact of being able to secure continu-

ous funding and how that can alleviate many barriers:

"That was crucial. Without that, it would have been

di�cult, because we used that money to then hire

a couple of part-time programmers to help with the

development and support. [...] And so, that funding

was necessary. I think without the funding, we could

not have maintained [our tools]."

P13 shared that developing tools in a country from the Global

South presented unique challenges. Initially driven by academic

goals, they faced the harsh reality of obtaining funding in their

context. Consequently, in order to "try to make it sustainable",

they adopted a "business-level infrastructure" and Pursue a self-

sustaining business model by "selling their product to private

schools", despite not having "intention to create a company". P13

further re�ects:

"And that’s why we need to also scale, not only be-

cause we wanted to, not only because it was aligned

with our conceptual goals, but also because it was a

way of trying to make it sustainable."

4.3.2 Development. Leverage LTI to o�load LMS-style fea-

tures.

Participants emphasized the importance of using existing pro-

tocols to integrate with learning management systems in order to

avoid reinventing functionality. P2 emphasized:

"Every tool should not be an LMS. [T]ools should not

have accounts, tools should not keep scores or grading

data. That stu� should belong to an LMS."

Given the considerable e�ort required to maintain features com-

monly found in educational software—such as user accounts, grade

books, and content management systems—many educators turn

to interoperability standards like LTI, which enables educational

tools to work in tangent with LMSs. This approach not only makes

it easier for educational institutions to adopt these tools but also

improves the user experience by centralizing educational resources

and data and preventing the redundancy of LMS features in indi-

vidual tools. Participants yet to adopt LTI expressed a desire to do

so. P3 remarked:

"The next version that I make won’t be for [one LMS]

only. I’m likely to build an LTI-compliant version that

can just plug in and be used within any LMS."

Managing student developers e�ectively.

Due to the barrier of development continuity and time con-

straints, developers often have to resort to a common practice

among academics: engaging students in development work as part

of their learning experience.

This method, while bene�cial for student education, often con-

tributes to the inconsistency in development practices. For example,

P15 highlighted:

"I did a little bit of the initial coding, mainly with

some students in my past year. I mean, that’s one

of the things that full-time academics �nd, which is

once you’ve got beyond your PhD, then the time avail-

able for that type of activity becomes quite restricted.

Unfortunate, because I like coding."

This practice of involving students and sometimes retired pro-

fessors not only allows for continued development of projects but
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also serves as a means to manage the workload within the limited

time available to full-time academics. P2 highlighted:

"We always had a continuous stream of good graduate

students to do the next generation of that as a research

project, more or less and to do maintenance on the

side as as they’re going along. And you know I’ve

been fortunate that that we’ve been always been able

to �nd the next person when someone graduates."

4.3.3 Promotion & Adoption. Bundle teaching materials.

Participants have identi�ed that beyond the functionality of the

tools themselves, it is the availability of teaching materials that help

facilitate their integration in the classroom. Developing textbooks

and structured curriculums that complement these CER-P tools

emerged as a key strategy for encouraging their use.

P2 highlighted the importance of instructional units over isolated

algorithm visualizations:

"the big lesson we learned is that people don’t want

isolated algorithm visualizations; they need units of

instruction. They don’t want just a visualization of

a quicksort; they want a quicksort unit, or maybe a

sorting unit, or maybe a data structures course."

Furthermore, some participants initial believed that the innova-

tive nature of their tools alone would drive adoption.. However,

they later recognized that the presence of well-crafted teaching

materials was actually key to increasing tool adoption. P7 shared:

"At �rst, I thought, I built this tool, and was fully

convinced that this environment is better than other

environments that were out there. And I thought, you

just put it out there, and people will see that it’s bet-

ter, and they will start adopting it, right? And that

happened, but only to a limited degree. So, some peo-

ple adopted it, but it wasn’t really very big. What I

understood later is that what drives adoption actually

is teaching material."

P7 further explained that potential users are often "lecturers, profes-

sors, and teachers" who are pressed for time and resources and just

prefer to be provided with guidance on how to incorporate these

tools into their teaching. P7 re�ected:

"in retrospect, that I hadn’t realized it at the beginning

that the tool itself achieves very little. It’s actually the

teaching. If you show a teacher that they can teach

di�erently, that’s what gets interest, and the tool is

just a means to make that happen, to make it possible."

Interestingly, P11 mentioned that, although their initial goal was

to help educators develop customized content for their classes using

their tool, they found that providing a complete sample curriculum

actually drove adoption. P11 shared his experience:

"I built the curriculum for this class, and now it’s your

turn to teach it. And hey, look! All the assignments

are done if you just use this tool. And so they did, and

many of them didn’t really [create their own content]."

These insights suggest that the availability of ready-to-use teach-

ing materials can signi�cantly reduce the barrier to adoption since

users of CER-P tools are often educators looking for e�ective and

e�cient resources to integrate into their course.

Active promotion through networks. This practice highlights

the importance of actively engaging with the computing education

community through various channels like conferences, workshops,

and existing network. One participant shared their experience with

utilizing SIGCSE, a popular conference in computing education, as

a platform for promoting their tool. P7 mentioned:

"SIGCSE was probably the most important conference

for us to advertise at.We conducted a lot of workshops

at SIGCSE, just because it’s very large. There are a

lot of people there, and many of them are actually

teachers who are looking for software they can use."

P7 further highlighted that it was di�cult "to pinpoint which

activities had the main impact" when it came to promoting, but sug-

gested it was rather a combination of providing teaching material

and presentation that drove adoption. P7 re�ected:

"I think it wasn’t just the book that drove adoption.

The book certainly helped because it was there, and

people could pick it up. But the initial interest came

from our presentations."

In addition to these strategies, some participants leverage their

existing networks, often their institutional colleagues, to spread

the word about their tools. P6 described a more localized approach:

"Those who have directly used it with students so

far are two other faculty members in my department

here. [...] I just ask them, "Hey, do you want to use

this?" We’re all like friends; we’re in the same little

o�ce suite. So it was relatively easy."

However, not all participants actively pursued promotion as

some raised concerns of scalability of tool adoption. For example,

P11 mentioned they "haven’t really advertised", due to uncertainty

over managing broader use without charging for the tool. P11

elaborated:

"It’s been people that were in my department, a friend

of a friend, that kind of thing, and it just hasn’t grown.

Also, I don’t charge for it. So if I get 100 people in-

volved, I don’t know how I’d pay for it."

Ease of Use: Being in the browser.

Developers have identi�ed that designing their tools to run di-

rectly in the browser enhances their ease of use and adoption. For

P10, they attributed it to their popularity of their tool, stateing:

"P10: One of the decisions that made [my tool] quite

popular is that it’s easy to use. You only need a web

browser, no installation required at all."

This approach reduces barrier to entry and by simplifying it for the

user experience, P10 further highlighted that it "makes it as easy

as possible for the end users and in the end, it’s why it had so much

impact".

However, one participant noted that transitioning an application

to theweb, especially for a tool originally designed as o�ine desktop

applications, is challenging. P5, acknowledging the bene�ts of being

in browser, explained:

319



Overcoming Barriers in Scaling CER-P Tools ICER ’24 Vol. 1, August 13–15, 2024, Melbourne, VIC, Australia

"there’s not an easy route to just take [my tool] and

pop it in a web browser, [...] we’re just in this situ-

ation where, basically, we started as an o�ine Java

application. And realistically, we can’t change unless

we just do a completely new thing from scratch."

One advantage of browser-based tools is their potential to be uti-

lized in educational environments with limited access to traditional

computers but access to tablets. P9 noted:

"It works particularly well because, at least in [my

country], many schools are using iPads, so we can

cater this to students in these schools."

Acknowledging the transition challenges, one participant discuss

that over time, e�orts were made to simplify the process for user

installation:

"P5: So whenwe started out, it was "go here and install

Java, and from here install our thing," and everything

else is kind of included. And actually, over time, we’ve

even removed that step. So now, we include Java in

all our installers for BlueJ and Greenfoot. So it’s com-

pletely self-contained. [...] you just download one �le,

install it, and that’s it. Everything is included."

Ease of use directly impacts a tool’s scalability, as highlighted

by P14, who discussed their tool’s minimal infrastructure:

"there wasn’t a lot of infrastructure that was required

for running it. Like you can download it just like any

other Python package. Therefore, infrastructure for

scalability was not so much an issue."

Streamlining User Support and Simplifying Tool Infras-

tructure. E�orts to streamline user support and simplify tool main-

tenance have emerged as key practices. P7 highlighted a proactive

approach to user support and emphasizes the importance of respon-

siveness:

"We have from the beginning and still going today,

done user support. So, we have a user support email.

You know, every email we get? We answer within 24

hours. And we get quite a few, you know. So, we have

about 2.5 million users per year using the system. So,

we get, you know, 7 emails a week. Especially when

the term starts in the Western Hemisphere, we get in

the order of one or two emails per day, and someone

has to just sit there and answer them, you know. So,

that is, it’s actually work that gives you no real credit.

But we have put a lot of work into supporting the

users and making it have a sort of professional level

of quality and support."

Meanwhile, P6 discussed strategies for keeping tool maintenance

manageable, particularly for solo developers with limited funding,

by leveraging external services for common functionalities such as

authentication:

"the main thing is trying to keep it simple for a couple

of reasons. One, so that it’s manageable for me as a

solo developer, and two, so that it stays lightweight,

and I don’t have needs for crazy hardware, databases,

or whatever. Part of that strategy has been, for ex-

ample, avoiding the management of user logins and

authentication on my own"

P14 emphasized the importance of clarity in documentation as a

practice, especially when delegating updates to undergraduates in

writing user-friendly guides, stating:

"So, trying to make the documentation website as

easy to understand as possible. What I �nd is that

because I work with a lot of students on [my tool],

and sometimes they �x bugs, and sometimes they

add new features, when they add new features, I also

have them update the documentation page. But what

I �nd is that the students I work with, despite being

mostly excellent programmers and doing everything

on the technical front really well, they aren’t as strong

in the documentation side, in writing English prose

that explains how to use whatever feature they’re

adding in a way that’s appropriate for instructors and

students. I don’t blame them as much, it’s a di�erent

skill set."

4.3.4 Discussion of Practices (RQ2). The results indicate that

external funding, such as industry support, allows certain tools

to overcome the barriers mentioned above. However, by develop-

ers’ own admission, industry funding is often “lucky” and di�cult

strategy to replicate. Other developers end up charging educators

for their tools, even if this was not the developer’s original inten-

tion. As discussed in the prior section, the challenge of funding

for maintenance, improvement, and scaling of CER-P tools may

require more systematic action by the CER community, rather than

innovation by individual developers. For example, it may be help-

ful to normalize as a community that high-quality CER-P tools

developed by academics without a pro�t motive may still require

educational institutions to pay for them, as was the case for P13.

Since many CER-P developers may have no wish to run a side

business, there may be value in services that facilitate the �nancial

management of tool dissemination (e.g., analogous to how Teach-

ers Pay Teachers[46] facilitates teacher-to-teacher payments for

instructional resources). Alternatively, there may be value in addi-

tional community grants, such as the SIGCSE special projects grant

[43] to fund outstanding CER-P tools.

Some developers highlighted the advantages of utilizing inter-

operability standards, like LTI, to delegate speci�c Learning Man-

agement System (LMS)-style functionalities. This approach not

only streamlines the integration process but also opens up further

opportunities for enhancement. A common challenge identi�ed,

however, is the lack of knowledge on achieving LTI compliance

for their tools. This situation underscores the importance of im-

proving dissemination and understanding of existing educational

resources and support mechanisms. For instance, resources such as1

already provide valuable guidance on this front. This suggest the

importance of sharing successful strategies among developers, as

solutions applied by some could address challenges faced by others

and by encouraging an environment of shared knowledge and expe-

riences, we could mitigate common barriers to adoption and scaling

1https://cssplice.github.io/lti.html
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of CER-P tools. Developers shared several strategies that were ef-

fective for wider adoption for their tools. These strategies included

active promotion at conferences or through existing networks, and

bundling tools with teaching materials to ease the adoption pro-

cess for educators. In the following section, we explore potential

community actions directly with CER-P tool developers to ask their

thoughts and propose subsequent steps for the CER community to

enhance collaboration and support among its members.

4.4 Community Actions

In this section, we explore ideas that could support broader adop-

tion and scalability of CER-P tools. We ask participant about three

community actions, as previously mentioned in Section 3: (1) CS

Community of tool developers: what might CS community of tool

develop look like? , (2) CS Tool Repository: what might CS reposi-

tory of tool develop look like?, and (3) Software Library of educa-

tional tools: What are common tasks that you think you and others

might bene�t from having libraries for when developing your tool?

Respondents engaged most with the �rst two questions, so we focus

on those here.

4.4.1 CS repository. In our semi-structured interviews, we ask

participants about the potential bene�ts a CS repository could o�er

to tool developers like themselves. Participants identi�ed several

key features that would enhance the value of the repository for

its potential user base. To facilitate a structured discussion, we

organized the �ndings based on use cases: (1) for instructors and

(2) for researchers.

For Instructors. Participants emphasized the importance of a

repository that provides a clear "description of the functionality".

For instance, (P7) highlighted three questions the repository should

answer: "Are these similar to other tools, what are the di�erences, and

what’s the scope?" Such information aids instructors in making in-

formed decisions. Furthermore, the inclusion of a live demo, as P12

articulated, enables instructors to "try the tool themselves and decide

right away whether it suits their course or their type of instruction."

Furthermore, the capacity to evaluate a tool’s e�ectiveness and

usability was highlighted as another essential feature of a CS repos-

itory. P7 articulated the value of incorporating:

"user comments, reviews, or some kind of commen-

tary comparing the tools and providing insights about

them, so that a potential adopter can make an in-

formed decision about whether it meets their needs."

P7 further highlighted the value of user feedback compared to

evaluating the quality of a tool from the developer’s perspective:

"typically what I would trust most [are] reviews from

existing users. Just peers telling me, ‘I used this, it was

a pain in the neck, you know, and nothing worked,

and the con�guration always broke down,’ or they

say, ‘It was fantastic, you know, it really improved my

course’ [...] You don’t get that from the developers

themselves, because every developer is convinced that

their own tool is great."

However, some participants expressed skepticism about the value

of the repository for educators. Re�ecting on their experiences with

existing repositories of educational and computer science materials,

P6 mentioned:

"I never know exactly how valuable those sorts of

things will be. When I think about the existing repos-

itories of education materials and CS materials, I see

they get some tra�c. But it’s really di�cult, because

I think the quality varies so much. They’re not su-

per well curated, and so they don’t end up being as

valuable as you might expect. The same thing might

happen with tools."

They also highlighted the challenge of discovery within these

repositories and pointed out that educators may not seek speci�c

tools without prior knowledge of their existence. P6 further articu-

lated:

"educators don’t know what [they are] looking for

until [they] even know it exists [...] just having it

available to be searched for isn’t going to do much."

For Researchers. Participants discussed how a repository can

help prevent duplication of research and support the reproducibility

of studies. P12 mentioned the bene�ts of accessible interactive

exercises and research tools, stating:

"Our institution, as well as our research team, would

bene�ts from them. Yes, maybe because if there are

more interactive exercises and research tools, wemight

also use them in a totally new research setup. And

I see that if the tools are more available, that would

also bene�t the replicability of some studies. Because

then, you can collect similar research data with the

same tool in many institutions. So, this could enhance

the validity of the results."

P7 suggested that, at a minimum, the repository should include

"source code of the tool", complete with a "detailed README �le" that

clari�es the tool’s purpose, its capabilities, and how it integrates

with existing learning management systems, specifying whether

the tool supports standard protocols like LTI or requires custom

software development.

4.4.2 CS community of tool developers. We ask participants about

the potential impact of a dedicated community for tool develop-

ers within the CER community. Participants discussed numerous

potential bene�ts and limitations.

A primary advantage identi�ed is the opportunity it presents

for tool developers to showcase their work, receive feedback, and

enhance their tool’s visibility. The community could serve as a im-

portant platform for developers at various stages—whether brain-

storming a new idea or seeking to expand the reach of a recently

completed tool.

"for people who have an idea for a new tool, you know,

and who have built a new tool, to be able to present

it, to get feedback, to gain adoption, and to increase

visibility"

Participants also addressed the issue of redundancy in tool de-

velopment. For example, P7 observed a tendency among computer

scientist is to "write a program" to solve a problem, often unaware

of existing solutions that address similiar needs. P7 emphasized:
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"P7: "Equally important, I think, is to just try to avoid

duplicating e�ort. A lot of people at the moment are

always building tools when something very similar

actually exists already. [...] that’s another purpose

that would be great for a community, to �rst of all,

get people together to �nd out what’s already there

and build on it rather than reinventing the wheel.""

P5 highlighted another dimension of the community’s potential:

the sharing of experiential knowledge. They noted that developers

often accumulate valuable insights (e.g., the practices we identi�ed

in this paper) through trial and error that, if shared, could bene�t

others within the community. P5 furthers noted:

"We’ve probably got some knowledge built up that we

don’t even realize other people would bene�t from,

like ‘We tried this in the past, and it didn’t work. We

tried this, and it worked very well.’ And we’re not

really sharing it with anyone else, just because there’s

not really a venue to do that [...] it doesn’t tend to

happen at the conferences, which tend to be more

about sharing educational results rather than purely

design discussions."

P8 provided a concrete example of the challenges faced by de-

velopers who are not full-time professionals but still contribute to

tool development:

"So, I like to write code. But I’m not a professional

developer. It’s not something I do 40 hours a week.

So every now and then, I’ll run into a design chal-

lenge where I’m not quite sure what the best way to

organize it is to make it easier to test, or easier for

others to understand. It took me a couple of days to

�gure out how to bundle these jar �les together. So, a

community of CS educators who build tools—there’s

a ready-made community you can ask."

4.4.3 Discussion on Community Actions (RQ3). In Sections

4.2.6 and 4.3.4, we have already discussed one possible action the

CER community might take to better fund the development, main-

tenance, and scaling of CER-P tools. Here, we discuss how CER-P

tool developers viewed two other ideas: a CS tools repository and a

community network.

CS Tool Repository. The e�ectiveness of a CS Tool Repository

hinges on buy-in from the CER community. Fortunately, Blanchard

et al. [3] have started the e�ort to develop a CS tool repository2

that consolidates both CER tools and professional tools, marking

a signi�cant step in centralizing and organizing the wide variety

of tools available for computing education. The challenge here is

to demonstrate the value of the repository not just as a collection

of tools but as a critical resource for educators and researchers.

Our �ndings show that the CS Tool Repository is a promising

community action solution that could streamline the approach

for tool developers to promote their tool, educators to evaluate

various options of tools for their speci�c needs, and researchers to

avoid duplicating e�orts. Additionally, the repository could address

several barriers identi�ed in RQ1 that the strategies discussed in

RQ2 could not address. The repository could provide a dedicated

2https://csed-tools.github.io/

platform for showcasing CER-P tools that demonstrated signi�cant

impact on student outcomes, and encourage developers to adopt

existing tools rather than develop from scratch. Our �ndings also

highlight key attributes that would bene�t potential users, such as

user reviews and live demo, that would assist educators in navigate

an over saturated market of tools.

However, convincing potential users to contribute to and use

the repository regularly would require clear communication of its

bene�ts and ongoing engagement strategies. For the repository to

be e�ective, it must be more than a passive archive; it needs active

engagement from its users. This includes regular updates, reviews of

tools, and contributions from the community. A lack of engagement

could result in outdated information and diminish the relevance

and usefulness of the repository, as highlighted by P6. Despite these

e�orts, the repository’s adoption could still encounter challenges,

such as resistance to change, lack of awareness, or uncertainty about

integration into existing practices. Overcoming these obstacles

might involve active promotion at academic conferences, hosting

integration support workshops, and highlighting success stories

that illustrate the repository’s positive impact on education and

research.

Community Network. Establishing a community network for

CER-P tool developers involves creating an environment that sup-

ports active participation, collaboration, and the exchange of knowl-

edge. Various platforms, such as workshops, "birds of a feather"

gatherings, and asynchronous communication tools such as Slack

or email, can cater to these needs, o�ering di�erent levels of engage-

ment. A primary bene�t identi�ed by participants is the platform’s

capacity for tool developers to showcase their work, receive feed-

back, and enhance their tool’s visibility. This suggests the need for

a platform that supports developers at various stages, from brain-

storming new ideas to expanding the reach of recently completed

tools. Similar to the CS Tool Repository, this community network

requires buy-in from diverse stakeholders, including educators,

developers, and researchers. Clearly de�ning the network’s goals

and bene�ts is crucial; otherwise, it risks failure due to perceived

irrelevance.

A potential bene�t of this community network could allow the

developer to exchange valuable insights and address current or

potential barriers in real-time, as more experienced developers

can share their design choices, development strategies, and the

decision-making processes behind speci�c tool features. Insights

gained through trial and error, which could signi�cantly bene�t

many tool developers, are often not shared due to the lack of a suit-

able platform. This suggests the need for a venue dedicated to the

exchange of design discussions and practical experiences, di�erent

from traditional conference settings that focus more on educational

outcomes. The community’s role could help minimize duplicated

e�orts by facilitating knowledge sharing about existing tools and

encourage developers to build upon what is already there instead

of reinventing the wheel. However, maintaining engagement over

time presents a signi�cant challenge. Interest may wane if members

do not perceive immediate bene�ts or if the activities o�ered by

the community become monotonous or irrelevant. Strategies to

keep the community active and engaged include regular updates,
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highlighted discussions, and the showcasing of successful collab-

orations, all of which are essential for ensuring the sustainable

long-term impact of the community network.

5 LIMITATIONS

Although our study o�ers valuable insights, it’s important to ac-

knowledge several limitations that a�ect the internal and external

validity of our �ndings. Firstly, the decision to focus on CER-P tools

developed within the past �ve years, while intentional to assess

modern tools, may have inadvertently narrowed the scope of our

research. The inclusion of tools cited by [3], which extends beyond

our initial timeframe, was aimed at broadening our perspective, but

also introduced variability in the technological and pedagogical

contexts of the tools considered. For instance, tools created several

years ago may not have been designed with current technologies in

mind, such as web-based accessibility or compatibility with modern

LMSs. Thus, older tools may have faced barriers that are no longer

relevant for the development of new CER-Programming tools today.

Secondly, our data collection methods involved choosing par-

ticipants who agreed to participate in the interview section from

the surveys, which resulted in limited control over participant se-

lection. This likely introduce potential selection bias and resulted

in a sample skewed towards developers who are more engaged or

faced signi�cant challenges with tool adoption. The e�ects of this

bias on our results are uncertain, possibly highlighting successes or

barriers in a way not fully re�ect the wider community of CER-P

tool developer.

Furthermore, we only asked participants about a limited set

of community actions, such as the Community Network of Tool

Developers (presented in Section 4.4), rather than inviting an open-

ended discussion of useful community actions. We make no claim

that these are the only, or best, actions the community could take,

but our �ndings inform how wemight go about building community

or creating a CS tools repository. We also acknowledge that, as

members of the SPLICE project (Standards, Protocols, and Learning

Infrastructure for Computing Education) 3, the authors are actively

working on creating such infrastructure to support CER-P tool

developers. As such, our �ndings may re�ect our bias towards these

projects. Fully understanding the potential bene�ts and challenges

of these ideas requires further investigation, and future work should

explore the feasibility, structure, and impact of such an initiative

on the broader adoption and scalability of CER-P tools.

Our reliance on self-reported data introduces a level of subjec-

tivity into our �ndings. The focus of our study was on developers’

perspectives, which, while critical, is just one angle of the whole

process of tool adoption in educational settings. It’s crucial to rec-

ognize that other stakeholders, including instructors, educational

institutions, and students, may o�er di�ering insights into the barri-

ers to adoption and the impacts of these tools on learning outcomes.

Future research should aim to incorporate these varied perspec-

tives to provide a better understanding of the factors in�uencing

the success and impact of CER-P tools in educational contexts.

3https://cssplice.org

6 CONCLUSION

Despite these limitations, our �ndings o�er valuable insight into

the perspective of developers on the dissemination and adoption

of the CER-P tools. Firstly, our work found that despite the recog-

nized importance of CER-P tools in computing education, systemic

barriers signi�cantly hinder their wider adoption. The key issues

identi�ed include challenges not in creating new tools, but in secur-

ing funding, development, maintenance, and promotion of existing

tools that are valuable to educators. Additionally, many tool devel-

opers face di�culties in meeting educators’ needs due to limited

resources, further compounded by the misalignment of funding and

academic incentive structures that are crucial for the maintenance

of tool.

Secondly, our study details some key practices the participants

employed that help enable broader adoption, such as creating units

of curriculum alongside their tool, leveraging interoperability stan-

dards and actively promoting at conferences. While our work found

that external funding, like industry support, enables some tools

to surpass the barriers previously identi�ed, such funding is often

inconsistent and hard to replicate. Future work should look into

developing sustainable �nancial services for software tool devel-

oped in academia. Lastly, our work found that alongside previously

discussed funding strategies, CER-P tool developers see signi�cant

potential in two community actions initiative: establishing a CS

Tool Repository and a Community Network. Future work should

look into the strategy to enhance engagement and value perception

of these initiatives from the wider community.

Our study demonstrates the need for a more systematic sup-

port for CER-P tools within the CER community. The capacity of

developers to scale up, often fueled by a mix of dedication, volun-

tary overtime, and the rare chance of industry funding, highlights

factors that are not easily replicated or sustained. This calls for

a shift in the way academically developed tools are valued and

supported. As a CER community that has bene�ted massively from

CER-P tools, it is vital that we move towards a direction where the

intrinsic value of educational tools is acknowledged and promoted

based on impact and utility rather than the e�orts of tool developer

to go beyond.
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