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Abstract: The integration of chatbots in higher education has shown promising potential to support the development of
students' scientific research skills. This study aimed to evaluate the effectiveness of an Al chatbot intervention designed
to enhance college students’ scientific research skills. A quasi-experimental research design was employed involving 41
college students enrolled in Research Methodology at College of Science and Humanities, Imam Abdulrahman Bin Faisal
University, KSA. Participants completed a standardized scientific research skills test before and after an 11-week
intervention using Perplexity. Using pretest-posttest measures complemented by systematic observational data, the study
identified significant improvements in research capabilities post-intervention (t =21.8, p<.001). Observations highlighted
challenges such as formulating precise queries and over-reliance on chatbot responses, which diminished over the
intervention period, indicating growing learner autonomy. The chatbot facilitated critical research processes, including
literature searching, hypothesis formulation, and data analysis, contributing to improved student confidence and
engagement. These findings underscore Al chatbots’ potential as effective educational tools that scaffold complex
analytical skills. The study recommends further development of chatbot functionalities and user training to mitigate
observed challenges and maximize research skills development within academic curricula.

Keywords: Al chatbots, scientific research skills, college students, higher education, research skills development,
artificial intelligence in education

Introduction

Research skills are fundamental to academic and professional success fostering critical thinking,
creativity, and problem-solving, which are essential in today’s dynamic and information-rich world
(Booth et al., 2016). Research skills also enhance lifelong learning, allowing individuals to adapt to new
challenges and continuously expand their knowledge base (Leedy & Ormrod, 2020). In the context of
education, teaching research skills is vital for developing intellectual independence. This process
involves more than collecting data; it requires students to critically evaluate sources, interpret findings,
and present results in meaningful ways. Enhancing these abilities not only prepares students for
academic success but also equips them for informed decision-making in their personal and professional
lives (Creswell & Creswell, 2018). Furthermore, embedding research skills into curricula promotes
collaboration and communication, as students often engage in team-based projects to address real-world
problems. These activities cultivate the ability to articulate ideas effectively and adaptively—a crucial
competency in interdisciplinary and multicultural settings (Bryman, 2015).

Students often face significant challenges in developing scientific research skills, as these competencies
demand advanced abilities such as critical analysis, synthesis of diverse sources, and the application of
theoretical knowledge to practical contexts. For instance, many students struggle to effectively design
research methods or interpret data, primarily due to inadequate preparation in these areas during their
earlier education (Thomas, 2017). Moreover, the abundance of online information has made it
progressively challenging for students to identify reliable sources, often resulting in the use of low-
quality or irrelevant data in their research (Graff & Birkenstein, 2021). Time management further
complicates the process, with students frequently overwhelmed by the extensive nature of research
activities (Rowley & Slack, 2004). These challenges are intensified by limited access to personalized
feedback and guidance, which are essential for dealing with the complicated nature of research (Berg &
Seeber, 2016).

Kingdom of Saudi Arabia places significant emphasis on promoting scientific research and developing
students' research skills as part of its Vision 2030 framework, which aims to position the Kingdom as a
global leader in innovation and knowledge (Cactus Global, 2025). The government supports numerous
initiatives, including advanced data platforms and grants, to foster an environment conducive to research
and skill acquisition among students (Future DC, 2025). However, Saudi students face several
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challenges in acquiring scientific research skills, which impact their academic and professional
development. Research education in undergraduate programs often fails to meet students' needs for
critical thinking, problem-solving, and research methodology skills (Al-Suhaibani et al., 2019). These
deficiencies are compounded by a lack of exposure to practical research opportunities, limited guidance
from faculty, and insufficient engagement with advanced research tools and technologies (Naji et al.,
2017; Noorelahi et al., 2015). Additionally, cultural and language barriers create significant obstacles,
especially for students navigating the complexities of academic writing in a second language (Qasem &
Zayid, 2019). Female students, in particular, face additional challenges when moving between cultures,
which further hinder their ability to seek and evaluate research information effectively (Binsahl et al.,
2015). These barriers contribute to a lack of confidence in research skills, impacting students' overall
academic performance (Kazim et al., 2024). Furthermore, the lack of a cohesive and competency-based
research education system in Saudi higher education limits students' ability to develop essential research
skills necessary for global competitiveness (Al-Mubaraki, 2011; Al-Dighrir, 2018). Addressing this gap
is crucial, as developing these skills is not only vital for academic success but also for preparing students
to meet the demands of a rapidly evolving, knowledge-based economy. Therefore, the current study
explores how Al-powered conversational agents (Chatbots) can bridge the gap between traditional
teaching methods and the need for more interactive, adaptive, and skill-focused learning experiences in
the context of scientific research.

Literature Review

Chatbots, also known as conversational agents, are software applications designed to simulate human-
like interactions through text or speech, using artificial intelligence technologies (Adamopoulou &
Moussiades, 2020). Chatbots represent a potential shift in how people interact with data and services
online (Brandtzaeg & Folstad, 2017). The integration of chatbots into education has undergone
significant evolution, reflecting advancements in artificial intelligence and their potential as educational
tools. Initially, their use in education was limited to basic question-and-answer functionalities. However,
with advancements in Al, chatbots now support personalized learning, real-time feedback, and student
engagement across various disciplines (Winkler & Soellner, 2018). Recent studies emphasize their role
in enhancing student motivation, accessibility, and learning outcomes by providing 24/7 support and
fostering interactive learning environments (Hobert, 2019). These developments underline the
transformative potential of chatbots in addressing educational challenges and meeting diverse learner
needs, particularly in enhancing research and analytical skills (Bekkar & Chtouki, 2024).

The use of chatbots in education is supported by several theoretical frameworks. One of these
frameworks 1s the Constructivist learning theory which emphasizes active student engagement in
constructing knowledge through meaningful experiences and interactions. Chatbots align with this
theory by facilitating personalized, inquiry-based learning environments where students interact
dynamically with the technology to explore concepts and refine their understanding. By engaging
learners in reflective and exploratory conversations, chatbots can operationalize fundamental tenets of
constructivist learning, fostering deeper cognitive engagement and personal understanding (Holmes et
al., 2019). This dynamic interaction supports the constructivist view of learning as a process of meaning-
making through active dialogue and exploration. Another theoretical framework supporting the use of
chatbots in education is the Cognitive Load theory which focuses on optimizing instructional design to
minimize extraneous cognitive load and maximize relevant cognitive processes essential for learning.
Chatbots contribute to this optimization by delivering just-in-time support, breaking down complex
tasks, and streamlining access to resources. They can guide learners step-by-step, ensuring cognitive
demands remain manageable without overwhelming working memory (Lademann et al., 2025).
Research underscores how chatbots support effective knowledge acquisition while reducing the
cognitive overload often associated with traditional learning environments (Mayer, 2020). Moreover, it
shows how chatbot users experience less cognitive load and are more productivity (Schmidhuber et al.,
2021). Scaffolding is another theoretical framework supporting the use of chatbots in education.
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Scaffolding theory describes the process by which learners are provided with temporary support to
achieve tasks beyond their independent capabilities (Verenikina, 2003). Chatbots exemplify this by
offering dynamic, context-sensitive assistance tailored to individual learner needs. They can act as
virtual mentors, guiding students through complex problem-solving or research processes (Ravi &
Vedapradha, 2025). Vygotsky’s concept of the "Zone of Proximal Development" (ZPD) finds a direct
application here, as chatbots enable learners to transition from dependence to autonomy (Sharma et al.,
2021).

Chatbots such as Bard, ChatGPT, Ada, Replika, Socratic, Habitica, and Piazza offer diverse educational
support by generating content, personalizing tutoring, providing emotional support, facilitating concept
learning, gamifying tasks, and fostering collaboration (Labadze et al., 2023). They serve as virtual tutors
delivering instant feedback and promoting self-directed learning in subjects like language, math, and
coding (Schei et al., 2024). Additionally, chatbots assist with administrative and pedagogical tasks in
higher education by managing student inquiries, integrating with learning management systems, and
enhancing accessibility (Gokcearslan et al., 2023; Okonkwo & Ade-Ibijola, 2021). They also encourage
collaborative learning and improve academic skills, with students reporting increased motivation and
productivity when chatbots support writing and research activities (Tang et al., 2023; Schei et al., 2024).
Chatbots support the development of research skills by providing personalized guidance on various
research methodologies, helping structure studies through steps like hypothesis formulation and data
analysis, and identifying knowledge gaps to align research goals (Huang & Tan, 2023; Khalifa &
Albadawy, 2024). They also enhance academic writing by improving grammar, style, and coherence
while emphasizing ethical usage to avoid plagiarism and maintain originality (Dergaa et al., 2023).
Additionally, Al facilitates the literature review process through semantic search, automatic
summarization, and efficient citation management with platforms like Zotero, Mendeley, and EndNote,
allowing researchers to comprehensively navigate and synthesize relevant academic work (Khalifa &
Albadawy, 2024).

Several studies emphasized the potential of AI-powered chatbots to improve students' scientific research
skills by providing personalized support and enhancing engagement. Kooli (2023) highlighted chatbots'
ability to deliver timely, individualized feedback while addressing ethical challenges in research
processes. Wang et al. (2024) presented SurveyAgent, a system that aids literature reviews by organizing
materials and discovering relevant papers, thereby streamlining research. Vanichvasin (2021)
demonstrates that chatbot use significantly improves students' research knowledge based on pre- and
post-test comparisons. Labadze et al. (2023) systematically reviewed the educational impact of chatbots,
noting their benefits in personalized learning and skill development alongside concerns about reliability
and ethics, underscoring their transformative potential in scientific research education. Therefore, the
current study aims to investigate the effectiveness of chatbots in improving college students’ scientific
research skills.

Study hypothesis

The researcher proposed that there would be no statistically significant difference in research skills
scores between the pretest and posttest.

Methodology

Design

The study used a quantitative quasi-experimental research design to assess the effectiveness of Al
chatbots in improving students' scientific research skills. This design allowed comparison of outcomes
before and after chatbot use within the same participant group.

Variables

The current study includes one independent variable, chatbots, operationally defined as Al-driven
conversational agents designed to interact with users in natural language, providing personalized, real-
time support to enhance skills such as scientific research through dynamic dialogue and information
retrieval. It also includes a dependent variable, research skills, operationally defined as the capabilities
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to write and showcase a research project. These capabilities can be divided into: problem identification,
information management, hypothesis formulation, data analysis, and communication of findings.
Participants

A sample of 41 college students enrolled in the Research Methodology course were recruited using
purposive sampling. Participants had varied initial familiarity with AI chatbots to ensure
generalizability.

Instrument

The Research Skills Questionnaire developed and validated by Daryanes et al. (2024). It is a 22-item
instrument structured around four dimensions: Embark & Clarify, Find & Manage, Identify & Generate,
and Evaluate & Communicate. It underwent rigorous validation using both Exploratory Factor Analysis
and Confirmatory Factor Analysis. The questionnaire employs a five-point Likert scale to assess various
aspects of scientific research skills, including problem identification, information management,
hypothesis formulation, data analysis, and communication of findings. The validation results
demonstrated strong construct validity and internal consistency, indicating that this instrument reliably
measures the multifaceted nature of research skills and is suitable for evaluating students' competencies
in scientific research. This tool offers a comprehensive and psychometrically sound way to assess and
develop research skills in educational contexts. Therefore, it was selected as the instrument for the
present study and was administered before and after the intervention.

In addition to the Research Skills Questionnaire and chatbot intervention, a systematic observation
methodology was implemented to supplement data collection in the experimental study. During the 11-
week intervention, students’ interactions with the AI chatbot Perplexity were observed in real-time
sessions and through analysis of logged conversations. The observation focused on identifying key
behavioral patterns, difficulties encountered in chatbot usage, and engagement levels during various
stages of the research process. Particular attention was given to moments when students struggled to
formulate research questions, navigate literature search, or apply chatbot guidance effectively. This
observational data aimed to provide qualitative insights into the challenges and facilitative factors
underpinning the quantitative improvements in research skills.

Procedures

Among the various Al-powered chatbots, Perplexity was selected for this study due to its advanced
capabilities as an Al-powered research assistant that combines real-time internet search with
sophisticated language models like GPT-4.1 and Claude 4.0. Its unique Deep Research feature enables
the synthesis of information from hundreds of academic sources within minutes, providing detailed,
well-organized, and citation-linked reports that support efficient literature review and data analysis.
Additionally, Perplexity’s emphasis on source transparency and the ability to tailor searches to scientific
databases make it particularly suited for enhancing scientific research skills by delivering accurate,
verifiable, and comprehensive information quickly, thus improving the research process for users

The study was conducted over a 12-week period with 41 college students enrolled in the Research
Methodology course at College of Science and Humanities, IAU University, KSA. Initially, all
participants completed Daryanes et al.’s (2024) Research Skills Questionnaire to assess their baseline
scientific research skills. After completing the pre-test, participants were introduced to Perplexity. An
orientation session was held to familiarize students with the chatbot’s interface and functionalities,
including how it could support each phase of the research process, such as generating research questions,
locating relevant literature, organizing citations, and providing feedback on research plans.

Over the subsequent 11 weeks, students engaged in assigned research activities requiring them to interact
with the chatbot. These activities included refining research topics, conducting targeted literature
searches through chatbot assistance, formulating hypotheses, and designing basic research plans.
Participants were instructed to use the chatbot frequently and to document their interactions and any
challenges faced.

Upon completion of the intervention period, participants took the post-test, which was identical in format
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and content to the pre-test to enable direct comparison. Scores from pre- and post-tests were collected
for statistical analysis to assess improvements in research skills attributable to chatbot use. Data from
the usability questionnaire was analyzed to understand perceptions and acceptance of Al chatbot
integration in the research learning process.

Results
Table Paired- samples t-test for the difference between the means of scores of the participants in the
pretest and posttest of Research Skills

Paired Differences t df |Sig. (2-tailed)
Mean Std. Deviation
Posttest-Pretest 21.86 40 <0.001
27.12 7.94

A paired samples t-test was conducted to compare students’ pretest and posttest scores. The analysis
revealed that the mean of posttest scores (M = 84.05) was significantly higher than the mean of pretest
scores (M =56.93),t =21.8, p <.001. These results indicate a statistically significant improvement in
scores following the intervention. The extremely low p-value provides solid evidence that this gain is
statistically significant and unlikely due to chance.

Observational data revealed several significant points corroborating the quantitative findings. Students
initially faced challenges in formulating precise research queries and relying heavily on chatbot
responses. However, over time, increased familiarity with Perplexity led to more targeted and effective
interactions, contributing to the overall improvement in research skills. Observations also indicated the
chatbot’s role in scaffolding difficult tasks such as hypothesis formulation and literature evaluation.
Despite some technical and engagement hurdles, the personalized Al support positively influenced
students’ research behaviors and confidence.

Discussion

The present study sought to evaluate whether the integration of Al chatbots—specifically, the
conversational agent Perplexity—can enhance scientific research skills among Saudi college students
enrolled in a Research Methodology course. The findings demonstrate a statistically significant
improvement in posttest scores compared to pretest scores, indicating that the chatbot intervention was
effective in fostering essential research competencies. This aligns with recent empirical evidence and
meta-analytical studies suggesting that Al-powered chatbots can substantially improve student learning
performance, particularly in skill- and competency-based contexts (Eteng-Uket & Ezeoguine, 2025; Pitts
et al., 2025; Wang & Fan, 2025; Wu & Yu, 2024). Moreover, the findings of the present study go along
with recent studies that confirm that Al chatbots significantly improve research skills by providing
tailored educational tools that enhance critical thinking, problem-solving, and data analysis capabilities
(Behnamnia, et al., 2024; Chassignol et al., 2018; Madanchian & Taherdoost, 2025; Rojas Quispe et al.,
2024; Alshwiah, 2024).

One possible reason Al chatbots improved research skills is their ability to provide personalized,
immediate feedback and support, enabling learners to reflect on and improve their work in real-time. For
instance, a study by Zhang et al. (2025) found that EFL students using Al chatbots for argumentative
writing showed significant improvement in critical thinking skills such as reasoning, supporting ideas,
and organization due to the timely and targeted guidance offered by the chatbot. Similarly, Essel et al.
(2022) demonstrated that Al-powered virtual teaching assistants enhanced learning outcomes by
providing customized learning experiences and reducing learner anxiety through instant responses. This
personalized interaction nurtures deeper engagement and self-regulated learning, crucial components of
developing effective research abilities.

Al chatbots also facilitate research skill development by supporting active and scaffolded learning
models such as problem-based learning. Wang and Fan (2025) in a meta-analysis revealed that Al
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chatbots like ChatGPT are particularly effective in courses focused on skill and competency
development because they offer clear explanations and guide learners through complex problem-solving.
This scaffolding promotes higher-order thinking, metacognition, and autonomous knowledge
construction, all essential for robust research skills. Additionally, chatbot systems assist in navigating
and synthesizing large amounts of information, as shown by Lin and Ye (2023), thereby aiding learners
in critical data analysis and evidence integration required for scientific research.

Finally, Al chatbots improve research skills by increasing student motivation and engagement through
interactive and accessible learning environments. The chatbots’ conversational, low-pressure interface
encourages learners to persist with challenging tasks, thereby fostering the practice and reflective
thinking necessary for skill mastery (Zhang et al., 2025; Wang & Fan, 2025). Furthermore, chatbots help
overcome language and cultural barriers, providing support and translations that aid diverse learners,
particularly international students, enhancing equitable access to research skill development (Essel et
al., 2022; Lin & Ye, 2023). These motivational and inclusive features create a supportive atmosphere
that positively impacts research skill acquisition and performance.

Importantly, these findings are also relevant within the specific context of higher education in Saudi
Arabia. Local challenges—such as time constraints, limited access to expert mentorship, and language
barriers—often impede research skills development. The success of the chatbot intervention suggests
that conversational Al can help bridge these gaps by delivering individual support, addressing students’
direct queries, and enhancing both motivation and confidence. Additionally, the observed skill
improvement supports Saudi Arabia’s Vision 2030 educational goals, which emphasize critical thinking,
digital literacy, and independent learning.

However, the study’s results should be interpreted in light of several limitations. The intervention’s
effectiveness partly depends on students’ engagement with the chatbot, the quality and specificity of
their queries, and the ability of the Al to provide contextually relevant feedback. Furthermore, the
generalizability of the results may be affected by the limited sample size and the single-institution
setting. There is also a risk of over-reliance on the chatbot, which could hamper the development of
independent research and critical thinking skills in the long term if not balanced with guided instruction
and reflective learning.

Conclusion and Suggestions for Further Research

This study provides compelling evidence that Al-powered chatbots, such as Perplexity, can significantly
enhance college students’ scientific research skills. The statistically significant improvement in posttest
scores demonstrates that chatbot interventions offer effective, personalized support for complex research
tasks including literature search, research design, and data interpretation. By enabling on-demand
guidance and scaffolding, chatbots help students overcome common challenges related to critically
evaluating sources, managing research processes, and applying theoretical concepts.

The integration of observational methodology provided complementary qualitative evidence supporting
the efficacy of Al chatbots in developing scientific research skills. Addressing observed difficulties—
such as query formulation and critical evaluation—through enhanced chatbot interfaces or targeted user
training could further optimize learning outcomes. Overall, the study’s findings from both quantitative
and observational data underline the transformative potential of chatbots in higher education research
training contexts.

Future research and practice should focus on further refining chatbot functionalities, exploring long-
term impacts, and integrating these tools seamlessly into curricula to maximize educational benefits.
Overall, Al chatbots hold substantial promise as transformative educational technologies that can
empower students to become confident and competent scientific researchers.
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