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ABSTRACT A
Background: Artificial intelligence (Al) is increasingly integrated into higher education. However, evidence on theory-informed
Al interventions supporting nursing research training remains limited.

Purpose: To evaluate an Al-facilitated teaching assistant (INSPIRE-AI) on final-year undergraduate nursing honors students’
research self-efficacy, motivation, and research interest, and explore students’ experiences of using INSPIRE-AI.

Methods: An embedded mixed-methods study comprising a one-group quasi-experimental pretest/posttest design with postin-
tervention semistructured qualitative interviews. Nursing students received access to INSPIRE-AI throughout the honors year.
Quantitative survey data (N = 146) were analyzed using paired t-tests and repeated-measures general linear models.

Results: Research self-efficacy improved significantly (P < .001). Students reported that INSPIRE-Al supported structured think-
ing and reduced uncertainty, though engagement varied due to trust concerns, perceived surveillance, and preference for
familiar Al tools.

Conclusions: Together, these findings suggest that INSPIRE-Al has the potential to support research self-efficacy through struc-
tured scaffolding; however, this interpretation should be considered alongside the broader educational support that students

received throughout the honors program.
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ndergraduate research training is central to
contemporary nursing education because
it prepares nursing graduates to critically
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engage with evidence and develop competencies for
research-informed practice.! Honors programs culti-
vate these competencies through independent research
projects; however, students often encounter challenges
integrating methodological knowledge, academic writ-
ing, and sustained self-directed learning.? Variability in
supervisory practices and limited faculty capacity may
further contribute to inconsistent support, reducing stu-
dents’ confidence, motivation, and interest in research,
potentially limiting their future scholarly engagement.’

Research self-efficacy, motivation, and interest are
important outcomes in independent research learning.
Drawing on social cognitive theory, self-efficacy influ-
ences individuals’ willingness to initiate and persist in
complex tasks.* Higher research self-efficacy has been
associated with stronger engagement, honors perfor-
mance, and future research aspirations.” Motivation
and interest are similarly important because they
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shape students’ effort and sustained involvement in
research.” Multiple studies have demonstrated that
higher research motivation and interest are linked to
greater research self-efficacy and scholarly productiv-
ity.% We posit that interventions that enhance these
interrelated constructs will see the most immediate ef-
fects on research self-efficacy and potential secondary
effects on research motivation and interest.

Artificial intelligence (AI) presents new opportu-
nities to provide on-demand, personalized academic
support, and emerging evidence in nursing education
suggests potential benefits for clinical nursing com-
petencies, motivation, and self-efficacy.’®'" However,
most educational Al tools are general-purpose
systems rather than purpose-built interventions for
nursing research training.’® Without pedagogical
grounding, Al-generated guidance may remain frag-
mented or superficial, potentially limiting students’
development of metacognition, critical thinking, and
independent inquiry. Evidence remains limited on
theory-informed Al interventions for undergraduate
nursing research education.

To address this gap, we developed and evaluat-
ed the Integrated Nursing Support for Progress in
Independent Research & Education (INSPIRE-AI),
a theory-informed, Al-facilitated virtual teaching as-
sistant for undergraduate nursing honors students.
INSPIRE-AI combined structured learning path-
ways with on-demand research guidance to sup-
port students across the honors research process.
Because educational technologies’ success depends
on both design and implementation context, an em-
bedded mixed-methods design was used to examine
changes in research learning outcomes and explore
students’ experiences, adoption, and interpretation
of INSPIRE-AI within the broader honors learning

environment.'?

Aims

This study had 2 aims: (1) to evaluate changes in re-
search outcomes (research self-efficacy, research moti-
vation, and research interest) of undergraduate nursing
honors students with access to INSPIRE-AI and (2) to
explore students’ experiences and perceived acceptabil-
ity of using INSPIRE-AL

Methods

Study Design

An embedded mixed-methods design was employed,
comprising a one-group quasi-experimental pretest/
posttest quantitative component and postinterven-
tion qualitative component. Qualitative findings
were used to contextualize quantitative outcomes.!?
Reporting followed the Mixed Methods Reporting in
Rehabilitation & Health Sciences (MMR-RHS) guide-
lines (Supplemental Digital Content, Checklist https://
links.lww.com/NE/C452).13
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Setting and Participants

This study was conducted between July 2025 and
February 2026 at the Alice Lee Centre for Nursing
Studies, National University of Singapore. Final-year
honors students complete an independent primary or
secondary research thesis under a thesis advisor’s guid-
ance. Alongside INSPIRE-AL students had access to the
redesigned honors program, including a pre-semester
bridging workshop, a centralized comprehensive re-
source guide, librarian and biostatistics consultations,
postgraduate students and alumni mentoring, and su-
pervisor advisory support.'*

INSPIRE-AI Intervention

INSPIRE-AI is an Al-facilitated virtual teaching assis-
tant delivered through a conversational chatbot inter-
face. It operates in two modes within the same chat:
(1) a structured curriculum mode, guiding students
through sequenced research learning activities, and
(2) an on-demand query mode for questions specific
to students’ individual thesis projects. The system used
ChatGPT-40, author-developed prompt engineering,
and retrieval-augmented generation (RAG) to ground
responses in curated undergraduate-level academic
materials.

The intervention was grounded in three educa-
tional frameworks: (1) Vygotsky Zone of Proximal
Development,'® (2) Bloom taxonomy,'® and (3) the load
reduction instruction framework,'” to provide adaptive
scaffolding, support progression toward higher-order
thinking, and reduce cognitive load. Detailed imple-
mentation specifications are described in Supplemental
Digital Content 1, TIDieR Checklist https:/links.lww.
com/NE/C493. Chatbot pathways and examples of
structured curriculum modules, prompt engineering,
RAG knowledge sources, and representative inter-
face screenshots are provided in Supplemental Digital
Content, Appendix A1 https:/links.lww.com/NE/
C453.

Data Collection
Quantitative data were collected in July 2025 (pretest)
and January 2026 (posttest). Students received an ori-
entation covering appropriate use, academic integrity,
and the intended role of INSPIRE-AT as a scaffold rath-
er than a substitute for independent work, curriculum
support, or supervisor input. Usage analytics were col-
lected, and a daily usage limit was implemented.
Eligible students were recruited via email and through
in-person briefings by an independent research assis-
tant. Interested students completed the survey through
a secure ethics-approved Qualtrics survey link (Provo,
Utah). Names and contact information were collected
for follow-up and subsequently de-identified. For the
qualitative component, maximum variation purposive
sampling was used based on differences in posttest
research self-efficacy scores and INSPIRE-AI usage.
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Online semistructured interviews were conducted using
Zoom (Zoom Communications, 2026), including stu-
dents who did not use INSPIRE-AI to explore reasons
for nonuse. The interview guides were informed by past
literature (Supplemental Digital Content, Appendix B
https:/links.lww.com/NE/C453), pilot tested in the first
interview, and retained without changes.'*!® The dura-
tion of the interviews ranged from 45 to 67 minutes.

outcomes

The primary outcome was research self-efficacy, while
secondary outcomes included research motivation, re-
search interest, academic anxiety, and perceptions of
the research training environment. The questionnaire
included 5 wvalidated instruments and an author-
developed questionnaire on the students’ sociode-
mographic information, prior research training, and
engagement with curriculum components. The instru-
ments have been validated in other international con-
texts with acceptable or higher internal consistency.'’-??

Research Self-Efficacy

Research self-efficacy was measured using the 38-
item Librarian Research Confidence Scale, developed
by Brancolini and Kennedy.?> The Librarian Research
Confidence Scale was selected because it provides
comprehensive coverage of the research competencies
expected within our undergraduate honors program,
including literature searching, systematic review meth-
ods, research design, critical appraisal, and scholar-
ly writing. Compared with existing nursing-specific
research self-efficacy instruments, it more compre-
hensively captures literature searching and evidence
synthesis skills that constitute a substantial component
of our honors curriculum. Items were rated on a 5-point
Likert scale from 1 (Not at all confident) to 5 (Very con-
fident). Total scores were summed, with a higher score
indicating higher research self-efficacy. For this study,
the scale demonstrated excellent internal consistency
for pretest (o = 0.969) and posttest (a. = 0.965).

Research Motivation

Research motivation was assessed using the 20-item
Research Motivation Scale, measuring intrinsic reward,
extrinsic reward, and failure avoidance.?* Items were
rated on a 5-point Likert scale ranging from 1 (Strongly
Disagree) to 5 (Strongly Agree). Subscale scores were
summed, with a higher score demonstrating higher
research motivation. Internal consistency was good
across subscales, with pretest (a = 0.679-0.873) and
posttest (o = 0.770-0.899).

Research Interest

Research interest was measured using the 16-item
Interest in Research Questionnaire.”’ Items were scored
on a S-point Likert scale ranging from 1 (very low in-
terest) to 5 (very high interest). Higher total scores
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indicated greater research interest. The scale demon-
strated excellent internal consistency for pretest (o =
0.946) and posttest (o = 0.956).

Research Training Environment

Perceptions of the research training environment
were measured using the 18-item Research Training
Environment-Short Form, comprising interpersonal
and instructional subscales.?® Items were rated on a
5-point Likert scale from 1 (Strongly Disagree) to 5
(Strongly Agree). Higher total scores indicated a more
conducive research environment. Internal consistency
was good for the pretest (o = 0.858) and posttest (o =
0.871).

Academic Anxiety

Academic anxiety was measured using the 11-item
Academic Anxiety Scale.”” Items were rated on a
4-point Likert scale from 1 (Not at all typical of me)
to 4 (Very typical of me). Higher total scores indicat-
ed higher academic anxiety. The scale demonstrated
good internal consistency at the pretest (o = 0.885) and
posttest (o = 0.889).

Sample Size Calculation

Given the exploratory nature of this educational eval-
uation and the fixed size of the honors cohort, a prag-
matic sample was used. A priori calculations suggested
that approximately 90 participants would be required
to detect a small within-subject effect with 80% pow-
er at a two-sided alpha of 0.05.2® Allowing for a 30%
attrition rate, 110 participants were targeted. However,
the eligible cohort size limited recruitment, and 76 stu-
dents completed the baseline (pretest) assessment.

Analysis

Quantitative Analysis

Statistical analyses were conducted using SPSS version
29 (IBM Corp, Armonk, New York). Descriptive sta-
tistics summarized participant characteristics, honors
program experiences, and INSPIRE-AI use. Pre- to
posttest changes were examined using paired i-tests.
Effect sizes were calculated using Hedges’ g to account
for small-sample bias. To explore whether outcome
trajectories differed by INSPIRE-AI use, repeated-
measures general linear models were fitted with time
as the within-subject factor and INSPIRE-AI use as
the between-subject factor. Covariates were selected a
priori based on conceptual relevance and observed as-
sociations with the outcomes. Complete-case analyses
were conducted; hence, results should be interpreted as
complete-case estimates. INSPIRE-AI use was catego-
rized based on self-reported engagement. As uptake
was not randomized, these analyses are exploratory
and should not be interpreted as causal. Continuous
outcomes were judged to be sufficiently normally dis-
tributed to support parametric analyses based on visual
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inspection of histograms of the Q-Q plots. Statistical
significance was set at a two-sided P value of .05.

Qualitative Analysis

Interviews were audio-recorded, transcribed verbatim,
and analyzed using a reflexive thematic analysis frame-
work.?” Two independent researchers developed induc-
tive codes after repeated readings of transcripts. Codes
were iteratively reworked into broader themes by
identifying shared meanings, and regular analytic dis-
cussions were held to interrogate assumptions, refine
interpretations, and enhance reflexivity. Rather than
aiming for data saturation, sampling ceased when the
dataset was judged to offer sufficient breadth and depth
to address the research questions.*® Trustworthiness
was supported through reflexive memoing, an audit
trail of code and theme development (Supplemental
Digital Content, Appendix C https:/links.lww.com/
NE/C453), thick description of the educational con-
text, and reflexive journaling.’'-33

Ethical Considerations

Ethical approval was obtained from the Department
Ethics Review Board at the Alice Lee Centre for
Nursing Studies (No. 000151). Students were informed
that nonparticipation or withdrawal would not influ-
ence their access to the INSPIRE-AI intervention or
their grades. Participant confidentiality was maintained
using unique identification numbers.

Results

Demographic Data and Honors Experience

A total of 146 students, 76 at baseline and 70 immedi-
ately postintervention, completed the pre- and posttest
survey, respectively, with 16 interviewed. Six students
were lost to follow-up and excluded from analyses
(Supplemental Digital Content, Figure 1 https://links.
lww.com/NE/C454). The mean age of participants
was 22.9 years (SD = 1.13), and most were female (n
=65, 85.5%). Full sociodemographic details are listed
in Supplemental Digital Content, Table 1 https:/links.
lww.com/NE/C455.

More than half of the students reported difficulty
balancing thesis demands with personal life (n = 48,
68.6%). Attendance for in-person and online classes
was high. Most honors program components were rated
favorably, with slightly lower ratings for the Librarian
MOOC and Biostatistics Support (Supplemental
Digital Content, Appendix D1 https:/links.lww.com/
NE/C453). Out of 70 students, 25 (35.7%) did not
use INSPIRE-AI in their honors year. INSPIRE-AI was
most used to address thesis-specific questions (n = 41,
57.7%), followed by clarifying research concepts (n =
34, 47.9%). Eleven students reported difficulties with
use, primarily related to response lag or interface nav-
igation (Supplemental Digital Content, Appendix D2
https:/links.lww.com/NE/C453).
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Main Analysis

Paired #-tests showed a statistically significant increase
in research self-efficacy from pretest to posttest (mean
difference [MD] 30.6, 95% CI 24.7-36.6, P < .001),
indicating a meaningful improvement in students’ confi-
dence in conducting research tasks, including conceptu-
alizing research questions, applying methodology, and
academic writing. In contrast, no significant changes
were observed in research motivation, research interest,
perceived research training environment, or academic
anxiety (Table 1). These findings suggest that while stu-
dents’ confidence improved over time, their underlying
motivation and perceptions of the learning environment
remained relatively stable throughout the honors year.
Given that INSPIRE-AI was implemented alongside
broader enhancements to the curriculum, these quanti-
tative findings should be interpreted as reflecting chang-
es across the overall educational experience.

Subgroup Analysis

To explore whether outcomes differed by INSPIRE-
Al uptake, participants were categorized as users or
nonusers. INSPIRE-AT use was entered as a fixed fac-
tor in the subsequent GLM analyses. In the univariate
analyses, users differed from nonusers in significantly
higher failure avoidance scores (MD = 2.673, 95%
CI 1.247-4.10, P < .001) and significantly lower per-
ceived instructional research training environment
scores (MD = -2.029, 95% CI -0.6821 to 2.953, P
= .046). In adjusted analyses, INSPIRE-AI use was
nonsignificant for research self-efficacy scores (MD =
3.58,95% CI -5.54 to 12.69, P = .436) or research
interest (MD =1.22,95% CI -1.90 to 4.33, P = .438),
while there was no statistically significant association
between INSPIRE-AI use and intrinsic motivation
(MD =-3.50,95% CI -1.97 to 1.27, P = .069). Only
failure avoidance remained statistically significantly
higher among users (MD = 1.73, 95% CI 0.51-2.95,
P = .006). As uptake was self-selected, observed dif-
ferences may reflect preexisting learner characteris-
tics rather than the effects of INSPIRE-AI itself, and
reverse causality cannot be excluded. Detailed sub-
group model outputs are provided in Supplemental
Digital Content, Appendix E https:/links.lww.com/
NE/C453.

Qualitative Results

Students’ experiences with INSPIRE-AI were encap-
sulated in 3 themes and 9 subthemes (Supplemental
Digital Content, Figure 2 https://links.lww.com/NE/
C456).

Theme 1: Uncertainty and Risk Perception in
Using INSPIRE-AI

Students’ engagement with INSPIRE-AI was shaped by
uncertainty about its legitimacy, scope, and potential
risks.
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Table. Paired t-Tests Between Continuous Outcome Measures at Pretest (n = 76) and Posttest (n = 70)

Variable Pretest (n = 76) | Posttest (n = 70) | Paired t-Test
Mean Difference
Continuous Mean SD Mean | SD (95% CI) t Hedges’ g (95% ClI) P value
Research self-efficacy 82.8 22.3 113.5 | 22.9 30.6 (24.7 to 36.6) 10.3 1.22 (0.90 to 1.52) <.001
Research motivation
Intrinsic motivation 31.3 4.83 32.1 5.66 0.80 (-0.09 to 1.69) 1.80 | 0.21 (-0.02 to 0.45) .076
Extrinsic motivation 16.9 3.70 16.8 3.43 -0.13 (-0.79t0 0.53) | —-0.39 | —0.04 (-0.28 to 0.19) | .698
Failure avoidance 19.1 3.33 19.0 3.67 —-0.10 (-0.88 t0 0.68) | —0.25 | —0.03 (-0.26 to 0.20) | .800
Interest in research 46.2 10.4 47.9 11.8 1.64 (-0.56 to 3.85) 1.48 | 0.18 (-0.06 to 0.41) 142
Research training environment 61.5 7.96 61.9 8.46 0.40 (-1.29 to 2.09) 0.47 | 0.06 (-0.18 to 0.29) .639
Interpersonal 27.4 3.92 27.0 4.49 -0.33 (-1.21t0 0.57) | -0.74 | —0.09 (-0.32 to 0.15) | .462
Instructional 34.2 4.68 34.9 4.43 0.73 (-0.28 to 1.74) 1.44 | 0.17 (-0.06 to 0.40) .156
Academic anxiety 23.1 6.50 24.6 7.14 1.47 (-0.28 to0 3.22) 1.68 | 0.20 (-0.04 to 0.43) .098

Epistemic Uncertainty About INSPIRE-AI'S
Legitimacy and Scope

Some students hesitated to rely on INSPIRE-AI as they
were unsure who developed it, with one student ques-
tioning its credibility because they “don’t know who
designed it.” Others perceived it to be confined to insti-
tutional materials, reducing confidence in its suitability
for honors-level research guidance.

Perceived Surveillance and Fear of Academic
Misconduct

Students were conscious that the school might be
“watching” their interactions with INSPIRE-AI, hence
more “careful” because they “don’t know if there
are penalties” for inappropriate use. To avoid “being
judged,” some therefore diverted ambiguous questions
to mainstream Al platforms or avoided using INSPIRE-
Al altogether.

Interface-Related Uncertainty and Cognitive
Load

INSPIRE-AT’s requirement for students to select
study-design-specific chatbots disrupted familiar
help-seeking habits. One student expressed, “it’s cogni-
tively overwhelming ... I just go into Chat (ChatGPT),
open one chat and then T just ask a question.” Daily
usage limits further disrupted engagement and momen-
tum, making the tool feel less convenient than main-
stream Al platforms.

Theme 2: INSPIRE-AI as a Catalyst tor
Independent Research Learning

INSPIRE-AI was regarded as a facilitative yet person-
alized scaffold that helped structure students’ thinking
according to their needs.

Nurse Educator ® Vol. XXX e No. 00

Developing Cognitive Frameworks for
Research Through Question-Based Scaftfolding
Students valued INSPIRE-AI early in their thesis
journey as its prompts provided a “clear direction”
and a “framework of what to think.” Its question-
ing approach made systematic thinking more intu-
itive and transferable across assignments and thesis
writing.

Adaptive Scaffolding That Regulates Cognitive
and Emotional Load

Students described INSPIRE-AI as well-balanced,
supporting sustained engagement without becom-
ing overwhelming. Additionally, students appreciat-
ed INSPIRE-AD’s ability to organize fragmented and
preliminary ideas and provide individualized stepwise
guidance according to their level of understanding.

Recognizing INSPIRE-AI as a Trusted, Reliable
Source of Guidance

Some students viewed INSPIRE-AI as a reliable source
as it provided more specialized, academically grounded
guidance. One student shared that “it’s very targeted to
my needs ... I know that it’s developed by our school.”
This reduced extensive cross-checking, enabling them
to progress more efficiently.

Tensions Between Self-Directed Learning and
Al Reliance

A contrasting account from a nonuser suggested that
resistance to INSPIRE-AI could also reflect a desire to
preserve independent learning. The student expressed
concerns that reliance on Al could undermine deeper
learning and acknowledged that they were inclined to
uncritical acceptance of Al-generated outputs when
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under time pressure: “Whatever answer it gives me, ll
take it as the truth.”

Theme 3: The Ecosystem of Academic
Support Shaping INSPIRE-AI Use

Students’ decisions to adopt, limit, or avoid INSPIRE-AI
were shaped by the broader honors support ecosystem.

Navigating Multiple Sources of Academic
Guidance

Students did not view INSPIRE-AI as replacing super-
visors, whose input remained essential for contextual
judgment. Some felt they were “doing double work”
when checking INSPIRE-ATD’s responses with advi-
sors, while others preferred mainstream Al platforms
for faster outputs or direct answers. One student ex-
pressed, “It just takes longer on INSPIRE-AI than it
would take for me to use it on Gemini.”

Habits, Social Norms, and Peer Validation
Shaping Uptake

Uptake of INSPIRE-AI was also influenced by famil-
iarity and peer norms. Mainstream Al tools felt “easi-
er” and “automatic,” while INSPIRE-AI felt “relatively
new.” Limited peer use discouraged experimentation,
while positive peer endorsement encouraged some stu-
dents to try the tool.

Integration

Guided by the framework proposed by Younas,
Fabregues, Munce, and Creswell,** integration of
findings indicated that the improvement in research
self-efficacy was supported by qualitative accounts of
INSPIRE-AI facilitating structured thinking, uncertain-
ty reduction, and guided engagement. In contrast, sta-
tistically insignificant changes in research motivation
and interest were contextualized by uneven uptake,
trust concerns, perceived academic risk, and preference
for familiar AI tools. These findings indicate that the
educational value of INSPIRE-AI is co-determined by
both the intervention design and the broader learn-
ing environment. The qualitative findings, therefore,
explain not only why research self-efficacy improved
but also why broader motivational outcomes remained
unchanged despite access to the intervention. The inte-
grated findings are presented in Supplemental Digital
Content, Table 2 https:/links.lww.com/NE/C457.

Discussion

This embedded mixed-methods study examined re-
search learning outcomes of undergraduate nursing
honors students who had access to INSPIRE-AIL along-
side their experiences of using it. Research self-efficacy
improved significantly over time, whereas research mo-
tivation, research interest, academic anxiety, and per-
ceptions of the research training environment showed
little change. As students were concurrently exposed to

6 Nurse Educator ® Vol. XXX e No. 00

several honors program supports, these findings should
be interpreted within the broader learning system rath-
er than the effects attributable to INSPIRE-AI alone.
Qualitative findings suggest that INSPIRE-AI may have
supported confidence by making research reasoning
more explicit through structured prompts, stepwise
guidance, and organization of ideas. The improvement
in research self-efficacy is consistent with Bandura so-
cial cognitive theory, where guided support and mas-
tery experiences strengthen confidence in performing
complex tasks.* Students consistently described
INSPIRE-AT as being most useful when it made research
reasoning explicit through structured questioning and
stepwise guidance, suggesting that its educational value
lay primarily in supporting cognitive scaffolding rather
than providing answers. However, the absence of sig-
nificant changes in motivation and research interest
may be partly explained by uneven uptake and engage-
ment due to uncertainty about INSPIRE-AI, which may
have limited its integration into their learning processes
and reduced its influence on motivation and sustained
interest.>

Failure avoidance was higher among INSPIRE-AI
users, suggesting that students with greater perfor-
mance concerns may have been more likely to use the
tool as a safety net. One possible explanation is that
students with greater concerns about academic perfor-
mance preferentially adopted INSPIRE-AI as an ad-
ditional source of support. Because platform use was
self-selected, this pattern should be interpreted cautious-
ly, and reverse causality cannot be excluded. Students
who preferred alternative large language models offer-
ing more direct responses may have been less inclined to
engage with scaffolded learning processes, although this
interpretation remains speculative and warrants further
investigation.’® These findings underscore the need to
design Al-facilitated interventions that promote critical
engagement rather than task completion alone.

Students’ engagement with INSPIRE-AI was shaped
by the broader research training ecosystem, including
supervisory availability, peer networks, and institu-
tional expectations. These observations highlight the
co-determination of learning outcomes by both ped-
agogical design and implementation context, empha-
sizing that Al tools alone cannot guarantee improved
learning outcomes. Rather, students’ interpretations of
INSPIRE-AT’s legitimacy, safety, and usefulness relative
to existing sources of support appeared to shape how
they engaged with the tool.?”

Limitations and Strengths

Several limitations should be considered. The one-group
pretest/posttest design precludes causal attribution, as
students were simultaneously exposed to multiple hon-
ors program supports, making it difficult to isolate the
intervention’s independent effects. Study participation
and INSPIRE-AI uptake were self-selected, introducing
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potential selection bias, confounding by learner charac-
teristics, and reverse causality in user/nonuser compari-
sons. The single-school context and modest sample size
limit transferability and power for subgroup analyses.
Outcomes relied primarily on self-report measures, and
follow-up was limited to the honors year.

Despite these limitations, the embedded mixed-
methods design strengthened interpretation by linking
outcome changes with students’ experiences within
the broader research training ecosystem. The study
also contributes early evidence on a theory-informed,
retrieval-augmented Al teaching assistant for under-
graduate nursing research education. A further strength
of this study is the transparent reporting of the interven-
tion using the TIDieR checklist together with detailed
descriptions of chatbot pathways, prompt engineering,
and RAG resources, facilitating reproducibility and fu-
ture adaptation by nurse educators.

Implications for Nursing Education and
Future Research

Al-enabled learning support should be integrated as
formative scaffolds within existing educational infra-
structures rather than as replacements for supervisors
or established learning resources. Successful implemen-
tation requires clear guidance on appropriate Al use,
transparent governance regarding data access, moni-
toring, and assessment practices, and open communi-
cation that fosters psychological safety by clarifying
how student interactions are managed. Alignment with
institutional academic integrity policies, assessment
expectations, and transparent Al governance is essen-
tial to promote trust, engagement, and responsible
AT use. Likewise, educator guidance should reinforce
Al-supported tools as formative learning resources
that support exploration and iterative learning, rath-
er than tools that evaluate students’ interactions or
performance, to preserve psychological safety. Future
research should employ larger comparative and lon-
gitudinal designs to evaluate the sustained effects,
objective academic outcomes, and implementation
conditions influencing uptake and educational value.

Conclusions

This study provides preliminary evidence that a
theory-informed Al-facilitated teaching assistant can
support undergraduate nursing research learning,
particularly by strengthening research self-efficacy
through structured scaffolding. However, its value
depended on uptake, trust, perceived academic risk,
usability, and the broader learning environment.
Future research should employ comparative and
longitudinal designs that incorporate objective edu-
cational outcomes and implementation evaluations
to determine effectiveness, identify mechanisms of
action, and support broader adoption across nursing
education settings.
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