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Abstract

Introduction In pair programming, two people work together on a programming task, with
one serving as the “driver” and the other as the “navigator.” Research on pair programming
has been somewhat mixed: in many cases it is an effective approach for promoting positive
learning outcomes, but it may not be beneficial to all students. Generative Al has created a
new possibility for pair programming: pairs composed of one student and an Al tool. Despite
its novelty, there is a growing body of research on Al pair programming.

Objective The objective of this study is to answer the research question: What evidence
exists regarding the outcomes of student-Al pair programming?

Methods We queried five traditional collections of academic research; we also prompted two
Al tools designed to identify academic research. We identified 10 relevant studies. We
analyzed each to determine the context (e.g., grade level), the Al tool(s) used, the research
type and design, what (if any) preparation was provided to participants, what outcomes were
considered, and the study’s findings.

Results Almost all studies involved college students. The studies used a variety of methods —
from analysis of interview transcripts to surveys for affective constructs. The most commonly
used Al tool was ChatGPT or a variant of it. Study findings varied, but there was evidence of
positive learning outcomes paired with less social connection when Al tools were used. Other
affective outcomes — such as engagement — could be enhanced or reduced when students were
paired with an Al tool. Some findings indicated a preference for a human partner.

Discussion More research is needed to support these findings and to extend them to other
contexts. Specifically, it is important to conduct research that explores how the factors
important in traditional pair programming impact Al pair programming. Capturing the
cognitive advantages that Al tools might offer students while mitigating the potential social
harms will be an important part of the responsible development of Al pair programming as a
pedagogical approach. We also comment on the performance of the various databases and Al
tools used to locate relevant research.

Al Use Disclosure As noted above, Al was used to locate articles for the systematic literature
review.
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1 Introduction

Pedagogies, practices, and strategies for teaching computer science (CS) education have been
evolving over the decades, with various levels of success. One such practice is pair programming,
a collaborative learning experience for students in which two students work together to write a
program. The practice involves one student who acts as the driver and is responsible for actually
writing the code; the other is the navigator, assigned the role of observing, evaluating, and
providing feedback as the work progresses. At intermittent times, the instructor will ask the
students to switch roles, so that each is provided the opportunity to drive and to navigate.

Pair programming has been researched extensively in educational contexts, with multiple
systematic literature reviews summarizing the findings [[1-11]. In general, pair programming
appears to benefit the process of learning to program and may also improve students’ confidence
[L], increase retention rates [3]], and lead to increased enjoyment of programming [4]. However,
some studies identify situations where pair programming may be less effective, and these are often
linked to the composition characteristics of the partnership. For example, when a less experienced
partner is paired with someone with more experience, the less experienced student exhibited less
effort, less conceptual understanding, and less interest in computing, although there were not
significant differences in grades [12]. Similarly, women students have reported that having a man
as a partner resulted in behaviors indicating a lack of respect for their participation [13]].

Given the increased use of generative Al in educational settings, there is an opportunity to explore
Al within pair programming to potentially use Al to create a parallel pair programming
experience. Al pair programming presents an opportunity to harness the advantages of both
traditional pair programming and of Al use — if the potentially negative outcomes of some
instantiations of pair programming and of Al use can be avoided. Research suggests that
generative Al can create explanations of code that are easier to understand than those created by
students [[14]], pointing to the possible benefits of Al pair programming. And human-Al pairs are
likely to lack the affective and emotional aspects that human-human pairs have — whether this is
to the detriment or to the benefit of students may depend on the context [[15]. However, due to the
recency of the widespread availability of the technology needed to support Al pair programming,
little empirical evidence exists exploring the practice, particularly in educational settings.

Given the advent of Al pair programming, our research question for our systematic literature
review (SLR) was:

What evidence exists regarding the outcomes of student-Al pair programming ?

While there are two closely-related literature reviews [ 16, [17] (see below), to our knowledge,
there is no systematic literature review (SLR) focused specifically on Al pair programming in
education.

2 Background
2.1 Generative Al to Support Programming
More than 90% of professional software developers already use Al to assist with their work [[18]],

suggesting the utility of Al for programming. However, one study found that developers expected
Al to improve their productivity by 20% when it actually decreased their productivity by a similar
amount [19]]. These findings suggest the combined promise and peril of the use of generative Al
to assist with writing programs.
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In educational contexts, productivity is not the key concern; learning is. And the use of generative
Al introduces substantial concerns — as well as potentially important benefits — for the learning
process. For example, when students completed similar learning tasks using either an Al tool or a
standard web search, their knowledge gains were less when using the Al tool [20]. Similarly,
students using Al tools may reduce their metacognitive monitoring and then become overly
reliant on such tools to the detriment of their learning [21, 22]. Students may be confused by Al
output, either because it uses unfamiliar programming constructs or because its output is wrong
[23]]. Further, when users have too much trust in Al, they may use the tools in unproductive ways,
such as by relying on output that they lack the capacity to appropriately vet [24]].

Even when Al is a boon to experienced programmers, it might be detrimental to novices, who
lack the experience and knowledge to evaluate its output for correctness [25]. While access to Al
might improve learning in the short-term, it may — once removed — result in worse performance
relative to students who never used the tool [26], although carefully designed Al tutoring systems
may mitigate this effect. On the other hand, some research has identified positive outcomes from
Al-assisted learning [277, 28]. For example, students who used Al to help with writing or
modifying code had better performance in the short term, with no negative impact in the longer
term [29].

2.2 AI Pair Programming

In [16], Al-assisted programming in education was explored, and five research trends were
identified: explorations of tools and technology, performance evaluation, impacts, behavior
patterns, and ethical issues. Additionally, three suggestions for future research were made based
on the reviewed literature: (1) acknowledging the capabilities as well as the limitations of Al (2)
developing appropriate educational models and conducting research to support Al use, and (3)
exploring less traditional research methods. However, with an end date of November 2023 for
publications, [16] does not capture the most recent research in this quickly-evolving field.
Further, it focused on Al-assisted code generation literature generally (e.g., discussions of
academic integrity concerns), not just studies that approximated traditional pair programming
with Al Also, it did not systematically track each study’s context (e.g., students’ grade level,
programming language used, students’ preparation to use Al if any).

In the other review, [17], the state of research related to human-Al pair programming was
explored. The authors conclude that some of the challenges of human-human pairs (e.g.,
scheduling, assessing each person’s contribution) may be mitigated by human-Al pair
programming. The review concludes with suggestions for future research for supporting students
in human-Al pair programming, including whether the AI’s expertise should be leveled to the
student’s, how to prevent the Al from providing too much help, and whether the self-confidence
gains of traditional pair programming (particularly for students with lower self-confidence) also
occur with Al pair programming.

Unlike [16], [17] is limited to human-AlI pair programming that is analogous to traditional pair
programming, although it is not limited to educational contexts. This review makes no claim to
being systematic, and no methodology for locating or including or excluding literature is included
in the paper. As a 2023 publication, some of its observations no longer hold. For example, the
authors note that “no current study sets up a three-way comparison for human-Al, human-human,
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Figure 1: PRISMA Diagram

and human-solo” programming conditions [17], but see [30], [31], and [32]]. Thus, there is a need
for an SLR focused specifically on Al pair programming in education, with attention to the
learning context.

3 Methodology

Using the Khan et al. methodology for conducting a SLR [33]], we searched five traditional
databases of academic research literature and used two Al tools designed to locate relevant
research. See Figure|l| which summarizes the process of locating studies related to Al pair
programming.

The five databases searched were Science Direct, ACM Digital Library, IEEE Xplore, Google
Scholar, and the ASEE Paper Repository. For all save the ASEE Paper Repository, we used the
search string “pair programming” AND (“Al” or “ChatGPT” or “artificial intelligence”). For
the ASEE Paper Repository, we used a different approach due to the limitations of the search
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Table 1: Literature Searches

Name Type Date Total Results Included Results
Science Direct database 30 Sept 2025 20 0
ACM Digital Library database 30 Sept 2025 150 0
IEEE Xplore database 30 Sept 2025 8 2
Google Scholar database 1 Oct 2025 30 7
ASEE Paper Repository database 2 Oct 2025 74 0
Elicit Al tool 1 Oct 2025 20 4
Asta Al tool 1 Oct 2025 29 3

feature; we performed separate searches as follows: (1) “pair programming” ChatGPT, (2) “pair
programming” Al, and (3) “pair programming” “artificial intelligence.” This approach to
searching led to some duplicates, which are included in the counts in Table [1|above. Google
Scholar returned over 1,000 results, of which only the first 30 were further assessed due to the
increasing prevalence of results that did not meet all of the search criteria (e.g., papers related to
Al-supported programming but not pair programming with Al, papers related to pair
programming but not Al pair programming).

The two Al tools used were Elicit (elicit.com) and Asta (asta.allen.ai). For both, the prompt
“Please provide research studies that explore pair programming where an Al tool (such as
ChatGPT) is half of the pair” was used. Elicit repeatedly offers a “load more” (i.e., more results)
option; only the first 20 items were further assessed due to the increasing prevalence of results
that did not meet all of the search criteria. Asta located “5S papers that look like perfect matches,
24 relevant ones[,] and 16 others;” the 16 ‘others’ were ignored. Table provides details about
these searches.

This study had three criteria for inclusion:

* Content type: include research studies and exclude other content (e.g., posters, position
papers)

* Context: include educational contexts (regardless of level) and exclude if solely other
contexts (e.g., professional software developers)

* Focus: include if the focus of the design or intervention is Al pair programming and
exclude other foci (e.g., Al tutors, traditional pair programming)

Note in regards to the final criterion, a focus on pair programming, that not all uses of Al while
programming constitute Al pair programming. For example, two papers, “Agriculture students’
use of generative artificial intelligence for microcontroller programming” [34] and “Enhancing
programming pair workshops: The case of teacher pre-prompting” [35] were excluded from the
dataset because, while student pairs used Al to write programs, they did not follow any of the key
characteristics of pair programming with a human-AlI pair, such as alternating roles as driver and
navigator with the Al.

Titles and abstracts were reviewed against the inclusion criteria; as needed, the full text of the
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paper was consulted to determine whether all inclusion criteria were met.

One limitation of this study is that some papers that met our inclusion criteria were not included
in the results of any of our searches. For example, [36] describes a quasi-experiment that assigned
high school students to either traditional pair programming or to pair programming with
ChatGPT. It is not clear why this study was not captured by any of seven searching platforms that
we used.

4 Results and Discussion

4.1 Findings

We organized the results of the SLR and the ensuing discussion into four sections: a general
overview of the findings, findings related to the student experience of Al pair programming,
design considerations for Al pair programming, and the literature search process itself.

4.1.1 Overview of Findings

Table 2| summarizes the studies. While a total of 10 studies is perhaps not unexpected given the
recency of modern generative Al technologies, it nonetheless illustrates the need for more
research on Al pair programming. Of the 10 included studies, one did not specify the age or grade
level of student participants [37/] and one involved high school students [39]; the rest involve
university students. Because traditional pair programming is used in classrooms with students as
young as first grade [44]], additional research on Al pair programming with K-12 students is
warranted in order to better understand the impact of Al pair programming with elementary and
secondary students as well as post-secondary students.

Studies included in the dataset had between 5 and 234 participants, for a total across all included
studies of 532 participants and an average of 59 per study. These are relatively low numbers that,
once again, point to the need for more research to ensure that the impact of Al pair programming
across various contexts (e.g., levels of prior programming experience, personality traits such as
introversion) and various implementations (e.g., remote pair programming, larger versus smaller
assignments) are better understood. The need for more research with larger samples was noted
also by [17].

Programming languages used by students in these studies were Python, Java, or
HTML/CSS/JavaScript. Most studies used (or suggested that students use) ChatGPT or related Al
tools; a few used Copilot or Claude. Once again, more research could expand this list of
programming languages and Al tools. In particular, more Al tools should be studied (e.g.,
Gemini, Perplexity, Llama) to determine whether their performance as pair programming partners
differs.

The set of papers in this study include a variety of study types (e.g., quasi-experimental, case
study, observational). Interventions included comparisons between student-student and student-Al
pairs and, sometimes, a solo programming condition. Some research was design-oriented in
nature, sometimes with prototyping of Al tools. For example, in [38]], participants believed that
they were interacting with Al but there was in fact a hybrid, Wizard-of-Oz design such that some
of the “AI’”’s actions were generated by the researcher. For such a small body of research, these
study types and interventions represent a relatively large variety of approaches to the topic.
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We noted whether and how researchers addressed the fact that, unlike most human peers, an Al
tool has vastly more knowledge about programming than the student. This topic was not
addressed in most studies, but [41] notes that the disparity was mitigated by asking students not to
ask the Al for the entire program but instead to work collaboratively with the tool. By contrast, in
[42], the expert knowledge of the Al is treated as a given, and the student becomes the novice
‘driver’ while the Al is the expert ‘navigator,” with the authors arguing that this structure permits
the navigator to assume a mentoring role and leads to greater productivity. Similarly, [32]
discusses qualitative findings suggesting that pairing with an LLM provided benefits to
inexperienced students. In contrast, [41] notes that the Al tool introduced errors that should be
mitigated by the students’ knowledge and/or by careful prompting, although they note that
students may lack this knowledge; inaccuracies were also noted by [40].

We also note that [43] suggests that Al tools may lack the social intelligence displayed by
human-human pairs unless the tool is carefully designed to include it (e.g., detecting confusion or
lack of engagement). In sum, differences in programming skill and in social skill between
students and Al suggest that there may be differences between human-human and human-Al pair
programming. More research will clarify the impacts of these differences and whether steps
should be taken to mitigate the disparities or whether they instead contribute positively to the
student experience.

We also noted whether students were given any particular preparation for Al pair programming.
([39] mentions that the instructor told students that ChatGPT did not indicate that it needed more
information or did not know the answer to a question. Because this incident is described very
briefly in the paper, it is not clear whether this observation occurred before the intervention [in
which case it would be Al prep], during the intervention as an anecdotal remark, or after as a
debriefing. Hence, we categorize it as a possible instance of Al prep.) For most studies,
preparation not was mentioned, although some included direction not to request the entire
solution from the AI, models of best practices for educational Al pair programming, or a training
session. Future research should include various preparatory measures in order to assess their
impact on the Al pair programming experience.

In general, study findings were mixed, with some studies showing that Al pair programming led
to improvements in programming skills, engagement, satisfaction, communication, interest in
programming, and perceptions of the speed of learning. However, other findings include no
difference in learning to program and reductions in engagement, empathy, sense of collaboration,
or social presence when students partnered with Al. Some findings indicated a preference for a
human partner.

More research is needed to support these findings about affective factors and to extend them to
other contexts. Specifically, it is important to conduct research that explores whether and how the
factors important in traditional pair programming influence Al pair programming. For example,
research on traditional pair programming suggests that students with less CS experience may have
worse outcomes when paired with students with more experience. An unmodified Al tool will
produce code akin to that of a more experienced student; thus, research that explores whether a
restricted Al tool is a more effective pair programming partner might lead to important insights.
Further, it is clear that capturing the cognitive advantages that Al tools might offer students while
mitigating the potential social harms will be an important part of the responsible development of
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Al pair programming as a pedagogical approach.

4.1.2  Student Experience Findings

The studies also reported more nuanced details about the experience of Al pair programming.
Some of these details shed more light on the student experience of Al pair programming. [40]
identified many use cases and challenges of Al pair programming: use cases included generating
examples and debugging, and challenges included overly complicated and inaccurate solutions.
[39] found that, after students had programmed with Al, they were more likely to agree that they
used Al to create a complete solution, suggesting that they may not have avoided some of the
dangers of over-reliance on Al tools. Participants also had greater agreement with the sentiment
that they did not need to learn how to program, pointing to the potential for decreased interest in
pursuing further studies in CS.

Perceptions of Al usefulness were found by [30] to be an important mediator to their findings,
with positive impressions of Al linked to improved learning outcomes. The authors also suggest
that their finding about reduced anxiety imply that Al pair programming may be particularly
appropriate for students who struggle with anxiety. [31] explored attribution bias related to
Al-assisted coding, finding that students sometimes overly attributed Al output to themselves,
although students also thought the impact of Al on their learning was mixed. [32] found that
attitudes toward Al pair programming became more positive over time, with students
simultaneously becoming more aware of the limits of Al as a coding partner. On a more
pragmatic level, students also expressed that Al pair programming was impeded when the Al tool
was not part of their code editor (i.e., was located in a separate application).

4.1.3 Design Considerations Findings

Other details reported in the included papers suggest design considerations for future
implementations of Al pair programming. [37] found that the instructor needed to mediate due to
Al errors and/or to students not understanding the Al output, a situation exacerbated when
students” Al prompts were of lower quality. Thus, successful implementation of Al pair
programming may require appropriate professional development to prepare instructors to best
support their students.

In a study comparing voice-only to embodied Al agents (both in a virtual reality setting), [38]
concluded that embodied Al may have more closely approximated a human partner with the
corresponding social affordances and therefore increased trust, but only when the Al performed
well; otherwise, trust was diminished. [41] notes that students were more productive when they
had a plan for solving the programming problem before interacting with the Al, as they were
better able to prompt the tool and to differentiate correct from incorrect Al output, suggesting that
a required planning step might improve Al pair programming outcomes. [30] noted that there
were not significant differences between the two different Al tools used.

[42] explored design considerations for embedding Al-assisted coding into a larger learning cycle
that included aiding instructors with developing materials as well, finding that their process
worked acceptably well. [43]] identified important aspects of remote human-human pair
programming (e.g., acknowledging the other’s contributions, apologizing for mistakes) and then,
using a Wizard of Oz prototype, explored which of those aspects were easier or more difficult to
reproduce with human-AlI pair programming. The most difficult aspects to reproduce were
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visualization capabilities, using a breadth-first approach to problem solving, using a depth-first
approach, abstracting solutions, using indirect instructions, or asking some types of questions.
[42] also observed that traditional pair programming can involve partners with different levels of
expertise (i.e., novice and expert, at least relatively), and therefore developed an Al pair
programming model where the Al is the expert and the student is the novice, finding that the Al
output was appropriate to support student learning (although note that this was in the context of
design-based research and was not empirically tested with students). Thus, one of the open
questions for Al pair programming is the extent to which the Al should level its output to match
the student’s programming ability level.

4.2 Recommendations for Supporting AI Pair Programming

Given the novelty of Al pair programming and related research, recommendations for supporting
Al pair programming should be considered as preliminary. As a result, our first recommendation
is that more research about Al pair programming — particularly at the elementary and secondary
levels — should be conducted. Similarly, more research with larger numbers of participants, with a
variety of programming languages, and with different Al tools would help expand the
understanding of Al pair programming. Second, we note that promising practices for Al pair
programming include teacher mediation and embodied Al. Finally, awareness of the negative
outcomes found in some studies (e.g., student perceptions of a decreased need to learn to program
and reduced engagement, empathy, and social presence) may help identify ways to mitigate these
challenges when implementing Al pair programming.

Finally, we note that there is little evidence that students are being prepared for Al pair
programming (e.g., with instruction about the affordances and limitations of Al systems); this
preparation may lead to improved learning outcomes; regardless, it is appropriate to include it in
CS classes. This preparation may also include preparation for metacognitive monitoring since a
common concern with student Al use is over-reliance.

4.3 A Researcher Note: Using Al in the SLR Process

In order to support researchers conducting systematic literature reviews, particularly if the use of
Al tools is under consideration, we share some observations about our search process for this
project.

Figure [2]illustrates the sources (i.e., database or Al tool results) of included articles. Most
included papers (7 out of 10) were in the Google Scholar results, while Asta included 3, Elicit 4,
and IEEE Xplore 2. Google Scholar identified articles published by IEEE that were not found by
searching IEEE. No included articles were in the results from the ACM Digital Library, the ASEE
Paper Repository, or Science Direct. While the two Al tools did find relevant studies, we note
concerns about the transparency [45]] and reproducibility [46] of Al-generated output — as well as
ethical concerns when Al is used in education research [47] or general ethical concerns related to
Al [48] — that may outweigh the case for using Al tools to support literature reviews.

We also note that results that may not match the search string or prompt, offered by both
traditional database Google Scholar and by Al tool Elicit, may present challenges in the context
of a systematic literature review, where reviewers neither want to exclude relevant materials nor
want to evaluate a near-infinite list of irrelevant results. A feature that restricts results to those that
specifically match the search criteria would be helpful.
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Asta Elicit
1
1
1
1
1
Google IEEE
4 1

Figure 2: Source(s) of Included Articles; note that no included articles were identified by the ACM
Digital Library, ASEE Paper Repository, or Science Direct

For work specifically related to Al pair programming, it would perhaps be helpful to the
development of the research base if consistent terminology, especially keywords, were used. Note
that [30] uses the keyword “Al-assisted pair programming,” while [31] has the phrase “Al-assisted
programming” in the title with no keywords related specifically to Al pair programming.
Inconsistency in terminology may hamper systematic literature reviews on the topic. More
consistency may improve the performance of traditional database searches and thus reduce the
incentive to use Al tools, which — as mentioned above — present significant concerns.

Additionally, researchers who are seeking relevant literature but not conducting systematic
literature reviews may be interested to know which search options yield the best return on time
invested. Thus, we note that the percentage of the total articles found that were ultimately
included in the study ranged from 25% (IEEE Xplore) to 0% (ScienceDirect, ACM Digital
Library, and ASEE Paper Repository). In the middle of that range were Google Scholar (23%),
Elicit (20%), and Asta (10%).

S Conclusions

We have presented what we believe to be the first systematic literature review specifically focused
on the educational use of Al pair programming. We identified a relatively small body of literature
that nonetheless showcased a wide variety of methodological approaches and interventions. More
research is clearly needed to confirm and to contextualize what has been found so far. We note
that the impact of Al pair programming on students appears to be mixed, with some evidence of
improvement in learning outcomes existing alongside some negative findings related to affective
factors.

We also note that the rapid advances in Al present some challenges to the usual cadence of
academic publishing: by the time a study has been published, whatever Al tool was used by
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students to pair program has likely been replaced by a newer version, raising issues about the
applicability of the study’s findings. One way to mitigate this problem might be to study whether
there are significant performance differences for Al pair programming between older and newer
models of Al tools.
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