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1 Introduction

Software is increasingly used in science and engineering to support discovery and problem-solving.
These scripts and systems allow researchers to store and analyze datasets, perform complex cal-
culations, and develop models and simulations for scientific investigations [15]. Prior work sug-
gests at least 90% of researchers rely on software for their work, with most claiming that research
progress would not be possible or would require considerably more effort to conduct their re-
search without it [6].

Software engineering (SE), or the processes, methods, and tools to support the development and
maintenance of software [11], is crucial for producing high quality applications. To support SE
tasks, tools and processes informed by empirical SE research have been introduced and evalu-
ated. These efforts provide evidence promoting practices to support the design, implementation,
testing, innovation, and maintenance of software to help programmers complete software devel-
opment tasks more effectively and efficiently [3].

Problem Statement. Despite evidence supporting SE practices, prior work shows programmers
often avoid useful development behaviors in practice (e.g., [8, 12]). Prior work suggests this
software-research “crisis” can be detrimental to software [5]. Further, research software engineers—
individuals who write code to support their research, with or without a formal Computer Science
or SE background—rarely adopt useful practices shown to benefit software development, such as
defined SE processes [4], version control systems [7], documentation [13], and testing [9]. Stud-
ies show the primary pain points research software engineers face are technical problems related
to developing, maintaining, testing, and debugging code for research software [16]—all areas of
empirical SE research.

Research software engineers often have limited knowledge of SE concepts [2], without time and
opportunities to learn [1]. Further, access to SE research is also limited, inhibiting the adoption
of useful practices for programmers [5]. To that end, this project seeks to increase awareness of
beneficial SE practices for research software engineers. This leads to scientists spending “far too
much time wrestling with software, instead of doing research” [17]. Further, avoiding SE best practices
can have severe consequences specific to research software, including security vulnerabilities [10]
or incorrectly reported research findings [14].

Project Overview. To this end, the proposed work aims to build on preliminary work to be
conducted across the Fall and Spring semester to promote evidence-based SE practices among
research software engineers across departments at Virginia Tech. Through this initial project, we
will: (a) explore challenges research software engineers face with developing and maintaining re-
search software; (b) conduct participatory design workshops to motivate the design of automated
systems to promote evidence-based practices in research software development; (c) implement a
preliminary large language model (LLM)-based system based on the co-designed prototypes; and
(d) conduct a preliminary user study of the developed system. The proposed work aims to extend
this initial effort by disseminating our findings to research software engineers at Virginia Tech.
The main research question we aim to answer is: RQ: How do research software engineers perceive an
automated system to promote evidence-based SE practices?

We will answer this question by conducting a public workshop hosted by University Libraries
at Virginia Tech to share our findings. University Libraries has longstanding partnerships and
infrastructure to conduct high-impact learning experiences for members of the Virginia Tech com-
munity.1 The PI also has expertise in exploring methods to improve the behavior, productivity,
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and decision-making of software engineers (see PI Brown’s CV). Co-PI Bradley is the Assistant Di-
rector of Learning Environments and Innovative Technologies for the University Libraries, over-
seeing six emerging technologies spaces in Newman Library. The goal of this work is to support
research software development—promoting evidence-based practices and novel tools to help re-
duce frustration and enhance the quality of code used for scientific discovery and innovation.

2 Proposed Project

Workshop. The proposed work will implement a one-day workshop through University Li-
braries for research software engineers at Virginia Tech. The workshop will be offered in-person
on campus to researchers who write code to support their work. We send emails to departmental
and other relevant listervs to recruit at least 25 attendees from different fields and varying ex-
perience levels (i.e.,undergraduate and graduate students, postdocs, and faculty) across campus.
The workshop will be organized into multiple interactive sessions to: 1) discuss challenges with
research software development; 2) disseminate our findings on obstacles found through our prior
work; 3) demonstrate our tool’s ability to promote evidence-based SE practices; and 4) collect feed-
back on the tool. We will leverage University Libraries to obtain space and technical resources to
conduct the workshop activities (i.e., meeting room, A/V capabilities, etc.) and support the pro-
motion of our workshop across campus. Funding from the collaborative research grant will also
go to support the organization and implementation of the workshop (see Table 1).

Deliverables. The first project deliverable will be the completion of the preliminary work, con-
ducting two participatory design workshops (Fall 2024) and producing a tool to recommend
evidence-based SE practices to research software engineers (Spring 2025). The next milestone is
an interactive workshop to present our findings and demonstrate the capabilities of our LLM-based
system to support research software development (late Spring 2025). The full-day workshop will
consist of talks from the PI and graduate student researcher, and discussions among workshop
participants. The Co-PI will help organize the workshop. Success will be measured through the
number of participants to enroll in the workshop and an exit survey. The last deliverables will
involve sharing our findings in research, industry, and educational contexts through various means
to promote empirically supported SE practices in research software development (Summer 2025).

Based on feedback from workshop participants, we envision future work to enhance our tool
and develop new systems to provide infrastructure to promote evidence-based practices in re-
search SE. We will pursue external funding opportunities (i.e., National Science Foundation, Better
Scientific Software (BSSw) Fellowship, and Sloan Foundation solicitations). We will also submit
our findings from the preliminary work and workshop activities for publication at SE, human-
computer interaction, and scientific software-focused academic venues (i.e., Foundations of Soft-
ware Engineering (FSE), International Conference on Software Engineering (ICSE), Computer-
Supported Cooperative Work (CSCW), Research Software Engineering Conference (RSECon), etc.).

Table 1: Budget Breakdown

Item Amount | Justification
Graduate Research Assistantship $6,769 | 25% graduate research assistantship (GRA)
Travel $2,100 | Travel for PI, Co-PI, and graduate student to disseminate findings

Workshop Materials and Supplies $1,131 | Materials, food and refreshments, videographer/photographer, etc.

Total: $10,000
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Jonathan Bradley’s work involves everything from makerspace creation using 3D printers and
other manufacturing technologies, to microelectronics work as part of the ongoing Smart Com-
mons project, to web development technologies, to virtual reality and augmented reality develop-
ment. He is the Assistant Director of Learning Environments and Innovative Technologies for the
University Libraries and oversees the 6 emerging technologies spaces in Newman Library.
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