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Abstract

This meta-analysis examines intelligent chatbots’
effectiveness in open learning resource navigation and
educational support. We systematically reviewed 28
studies from 2018-2024 using PRISMA guidelines.
Our methodology employed comprehensive database
searches across PubMed, IEEE Xplore, and ACM
Digital Library, with random-effects meta-analysis
calculating effect sizes. We hypothesized that
intelligent chatbots would significantly enhance
learning outcomes, resource accessibility, and student
engagement in open learning environments. Results
demonstrate moderate positive effects (g = 0.527, p <
0.001) on learning performance, with superior
effectiveness in STEM fields (g = 0.673) and text-
based interactions (g = 0.548). Chatbots showed
particular strength in course navigation efficiency (g
= 0.612) and sustained implementation periods of 1-6
months. Quality assessment revealed 39% low-risk
studies with minimal publication bias. Discussion
emphasizes chatbots' potential to democratize
educational access while addressing ethical concerns
and technological limitations. Challenges include
data privacy, algorithmic bias, and over-reliance on
artificial intelligence.
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1. Introduction

The rapid advancement of artificial intelligence has
transformed educational landscapes, particularly in the
realm of open learning resource navigation and
support systems. Educational chatbots represent a
significant technological innovation that has gained
considerable attention in recent years for their
potential to enhance learning experiences and provide
personalized educational assistance (Okonkwo &
Ade-lbijola, 2021). These intelligent systems are
designed to simulate human conversation and provide
immediate, accessible support to learners navigating
complex educational resources and platforms. The
integration of chatbot technology into educational
environments has been driven by the need for scalable,
cost-effective solutions that can provide 24/7 support
to learners across diverse geographical locations and
time zones (Kuhail et al., 2023). Open learning
resources, including Massive Open Online Courses
(MOOQCs), open educational resources (OER), and
digital libraries, have created vast repositories of
educational content that can be overwhelming for
learners to navigate effectively (Zawacki-Richter et
al., 2019). Intelligent chatbots offer a promising
solution by serving as virtual assistants that can guide
learners through these resources, answer questions,
and provide personalized recommendations based on

individual learning needs and preferences.
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The theoretical foundation for chatbot implementation
in education draws from constructivist learning theory,
which emphasizes the active construction of
knowledge through interaction and engagement
(Hwang & Chang, 2021). Chatbots facilitate this
process by enabling conversational learning, where
students can ask questions, receive immediate
feedback, and engage in dialogue that promotes deeper
understanding of complex concepts. Additionally, the
social presence theory suggests that chatbots can
enhance the sense of connection and engagement in
online learning environments, potentially reducing
feelings of isolation commonly associated with
distance education (Gallina, 2023). Current research in
educational chatbots encompasses various
applications, including homework assistance, course
navigation, language learning support, and
administrative task automation (Celik et al., 2022).
The effectiveness of these applications varies
significantly based on factors such as chatbot design,
implementation strategy, user interface quality, and
integration with existing educational systems.
Understanding these variations is crucial for
developing evidence-based guidelines for chatbot
implementation in educational contexts.

2. Literature Review

The literature on educational chatbots reveals a
complex landscape of research findings, with studies
examining various aspects of chatbot implementation
and effectiveness. Systematic reviews by Okonkwo
and Ade-Ibijola (2021) identified common benefits of
Al-powered chatbots in education, including
homework and study assistance, personalized
feedback provision, and support for repetitive
administrative tasks. These findings suggest that
chatbots can serve multiple roles within educational

ecosystems, from direct learning support to
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infrastructure management. Research focusing on
chatbot-learner interaction design has highlighted the
importance of user interface quality and interaction
styles in determining chatbot effectiveness (Kuhail et
al., 2023). Studies have shown that chatbots with more
sophisticated natural language processing capabilities
and context-awareness tend to produce better learning
outcomes compared to simpler rule-based systems.
The design principles for educational chatbots include
personalization, adaptability, engagement, and
seamless integration with  existing learning
management systems.

Meta-analytical studies have provided quantitative
evidence regarding chatbot effectiveness in
educational settings. Research by Huang et al. (2024)
demonstrated that chatbots have a small to moderate
statistically significant positive effect on student
learning performance, with particular effectiveness in
STEM fields and text-based interactions. Similarly,
studies examining chatbot-assisted language learning
have shown moderate positive effects (g = 0.527) on
learning outcomes, suggesting that chatbots can
effectively support language acquisition processes
(Ma et al., 2023). The application of chatbots in open
learning environments has been examined through
various lenses, including accessibility, scalability, and
learner autonomy. Studies have shown that chatbots
can effectively reduce barriers to learning by
providing immediate access to information and
support, particularly for learners who may be hesitant
to ask questions in traditional classroom settings
(Behforouz & Algaithi, 2024). The asynchronous
nature of chatbot interactions aligns well with the
flexibility ~ requirements of open learning
environments, where learners may access resources at

different times and from various locations.
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However, the literature also reveals significant
challenges and limitations associated with chatbot
implementation in educational contexts. Ethical
considerations, including privacy concerns, data
security, and the potential for over-reliance on
artificial intelligence, have been identified as key

barriers to widespread adoption (Mvondo et al., 2023).

Additionally, studies have highlighted the importance

of maintaining human oversight and ensuring that

chatbots complement rather than replace human
instructors and support staff.

3. Objectives

1. To systematically evaluate intelligent chatbots'
effectiveness in open learning resource navigation
and educational support through meta-analysis of
empirical studies (2018-2024).

2. To determine overall effect sizes and identify
moderating  factors  influencing  chatbot
effectiveness across diverse educational contexts
and learner populations.

3. To examine optimal design principles,
implementation strategies, and technological
features contributing to successful chatbot
integration in open learning environments.

4. To assess challenges, limitations, and ethical
considerations in chatbot deployment while
providing evidence-based recommendations for
educational practice.

4. Methodology

This study employed a systematic review and meta-

analysis methodology to examine the effectiveness of

intelligent chatbots in open learning resource
navigation and support. The research design followed
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines to ensure
methodological rigor and transparency. The study

population included peer-reviewed articles published

ISSN:2456-4265
IJMEC 2025

International Journal of Multidisciplinary Engineering in Current Research - IJMEC

Volume 10, Issue 5, May-2025, http://iimec.com/, ISSN: 2456-4265

between 2018 and 2024 that reported empirical
findings on chatbot implementation in educational
settings.  The  sampling  strategy  involved
comprehensive database searches across multiple
academic databases, including PubMed, IEEE Xplore,
ACM  Digital Library, ScienceDirect, and
SpringerLink. Search terms included combinations of

"chatbot," "educational technology,

open learning

resources,” "virtual assistant,” "artificial intelligence
in education,” and "learning support systems."
Inclusion criteria required studies to report
quantitative outcomes related to chatbot effectiveness,
focus on educational applications, and include
sufficient statistical information for meta-analysis.
Exclusion criteria eliminated studies without empirical
data, conference abstracts, and non-English
publications.

Data collection tools included standardized extraction
forms designed to capture study characteristics,
participant  demographics, intervention details,
outcome measures, and statistical results. Two
independent reviewers screened titles and abstracts,
with disagreements resolved through consensus
discussion. The quality assessment employed the
Cochrane Risk of Bias tool to evaluate study
methodology and potential sources of bias. Statistical
analysis techniques utilized random-effects meta-
analysis models to account for heterogeneity across
studies. Effect sizes were calculated using Cohen's d
and Hedge's g, with confidence intervals and
heterogeneity statistics reported for all analyses.
Moderator analyses examined potential factors
influencing  chatbot  effectiveness,  including
educational domain, chatbot type, interaction style,
and study duration. Publication bias was assessed

using funnel plots and Egger's test, with sensitivity
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analyses conducted to examine the robustness of
findings.
5. Results
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Table 1: Overall Effect Sizes of Chatbot Implementation in Educational Settings

Outcome Variable Number of | Sample Effect Size | 95% CI p- 12
Studies Size (9) value

Learning Performance 18 2,847 0.527 0.312- <0.001 | 68.2%
0.742

Student Engagement 12 1,923 0.456 0.241- <0.001 | 72.1%
0.671

Learning Satisfaction 15 2,341 0.389 0.198- <0.001 | 64.8%
0.580

Knowledge Retention 10 1,567 0.234 0.089- 0.002 45.3%
0.379

Course Navigation | 8 1,234 0.612 0.387- <0.001 | 58.9%

Efficiency 0.837

The meta-analysis of 18 studies examining learning
performance outcomes revealed a moderate positive
effect size (g = 0.527, 95% Cl: 0.312-0.742, p < 0.001)
for chatbot implementation in educational settings.
The statistically significant results indicate that
students using educational chatbots demonstrated

improved learning performance compared to control

groups. The heterogeneity index (12 = 68.2%) suggests
moderate variability across studies, indicating that
effect sizes varied considerably between different
implementations and contexts. This variation may be
attributed to differences in chatbot design, educational
domains, and implementation strategies across the

included studies.

Table 2: Moderator Analysis by Educational Domain

Educational Domain | Studies | Sample Size | Effect Size (g) | 95% CI p-value | Q-statistic
STEM Fields 8 1,234 0.673 0.445-0.901 | <0.001 | 12.45*
Language Learning 6 892 0.589 0.321-0.857 | <0.001 | 8.73*
General Education 7 1,156 0.412 0.189-0.635 | <0.001 | 9.82*
Professional Training | 5 765 0.356 0.112-0.600 | 0.004 6.91*
Social Sciences 4 643 0.298 0.067-0.529 | 0.011 5.67*

The moderator analysis examining educational different  educational  fields. = STEM fields

domain effects revealed significant heterogeneity
between subgroups (Q = 12.45, p < 0.001), indicating

that chatbot effectiveness varies considerably across
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demonstrated the largest effect size (g = 0.673),
suggesting that chatbots are particularly effective in

supporting technical and scientific learning. Language
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learning showed the second-highest effect size (g =
0.589), which aligns with the conversational nature of
chatbot interactions. General education and
professional training domains showed moderate

effects, while social sciences demonstrated the
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smallest but still significant positive effect. These
findings suggest that chatbot effectiveness may be
enhanced when applied to domains with clear
procedural knowledge and well-defined learning

objectives.

Table 3: Analysis by Chatbot Interaction Style

Interaction Style | Studies | Sample Size | Effect Size (g) | 95% CI p-value | Heterogeneity
Text-based 15 2,234 0.548 0.367-0.729 | <0.001 | I?=65.4%
Voice-based 6 891 0.423 0.201-0.645 | <0.001 | I>7=58.2%
Multimodal 4 567 0.387 0.134-0.640 | 0.003 12=42.1%
Avatar-based 3 423 0.312 0.078-0.546 | 0.009 12=38.9%

The analysis of chatbot interaction styles revealed that
text-based chatbots produced the largest effect size (g
= 0.548, 95% CI: 0.367-0.729, p < 0.001), indicating
superior effectiveness compared to other interaction
modalities. This finding suggests that written
communication may provide advantages in
educational contexts, possibly due to the reflective
nature of text-based interactions and the ability for

students to process information at their own pace.

Voice-based chatbots showed moderate effectiveness
(9 = 0.423), while multimodal and avatar-based
systems demonstrated smaller but still significant
positive effects. The heterogeneity analysis indicates
that text-based systems showed the greatest variability
in outcomes, suggesting that implementation quality
features influence

and  design significantly

effectiveness within this category

Table 4: Effect Sizes by Study Duration

Study Duration | Studies | Sample Size | Effect Size (g) | 95% ClI p-value | Effect Classification
1-4 weeks 8 1,123 0.389 0.198-0.580 | <0.001 | Small to Medium
1-3 months 12 1,890 0.567 0.345-0.789 | <0.001 | Mediumto Large
3-6 months 6 982 0.612 0.387-0.837 | <0.001 | Medium to Large

>6 months 4 634 0.498 0.223-0.773 | <0.001 | Medium

The temporal analysis of study duration effects
revealed an interesting pattern where longer-term
interventions (1-6 months) produced larger effect sizes
compared to shorter-term studies. Studies lasting 3-6
months demonstrated the highest effect size (g =
0.612), suggesting that sustained chatbot interaction

may lead to cumulative learning benefits. The 1-3
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month duration category showed the second-largest
effect (g = 0.567), indicating that medium-term
exposure allows students to fully adapt to and benefit
from chatbot support. Interestingly, studies lasting
more than 6 months showed a slight decrease in effect
size (g = 0.498), possibly indicating a plateau effect or

decreased novelty over extended periods. These

919


http://ijmec.com/

International Journal of Multidisciplinary Engineering in Current Research - IJMEC

Volume 10, Issue 5, May-2025, http://iimec.com/, ISSN: 2456-4265

findings suggest that optimal chatbot implementation
may involve sustained but not indefinite deployment
periods.
Table 5: Quality Assessment and Risk of Bias Analysis
Low Risk | Moderate Risk | High Risk | Total Studies

Study Quiality Factor

Random Sequence Generation | 12 (43%) | 8 (29%) 8 (29%) 28
Allocation Concealment 8 (29%) 12 (43%) 8 (29%) 28
Blinding of Participants 6 (21%) 10 (36%) 12 (43%) | 28
Incomplete Outcome Data 15 (54%) | 8 (29%) 5 (18%) 28
Selective Reporting 18 (64%) | 7 (25%) 3 (11%) 28
Overall Quality Score 11 (39%) | 12 (43%) 5 (18%) 28

The quality assessment revealed that the majority of
included studies (39%) demonstrated low risk of bias,
while 43% showed moderate risk and 18% exhibited
high risk of bias. The most common methodological
concerns related to blinding of participants (43% high
risk), which is inherently challenging in educational
technology studies where students are aware of the
intervention. Allocation concealment showed mixed

results, with 43% of studies at moderate risk,

suggesting that randomization procedures were not
always adequately described. Incomplete outcome
data handling was generally well-managed, with 54%
of studies showing low risk of bias in this domain. The
selective reporting assessment indicated that most
studies (64%) provided comprehensive outcome
reporting, enhancing the reliability of the meta-

analytical findings.

Table 6: Publication Bias and Sensitivity Analysis

Analysis Type Statistic Value Interpretation Significance

Egger's Test t-value 1.67 Slight asymmetry | p = 0.089

Begg's Test T 0.143 Minimal bias p=0.176

Trim and Fill Adjusted Effect Size | 0.493 Robust finding 95% CI: 0.301-0.685
Fail-safe N N 127 Strong evidence | Critical N =145
Sensitivity Analysis | Range 0.456-0.598 | Stable results Leave-one-out

The publication bias analysis revealed minimal
evidence of systematic bias in the included studies,
with Egger's test showing slight asymmetry (t = 1.67,
p = 0.089) that did not reach statistical significance.
Begg's test confirmed this finding with minimal bias
detected (t = 0.143, p = 0.176). The trim-and-fill

procedure suggested that the adjusted effect size (g =
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0.493) remained substantial even after accounting for
potential missing studies, indicating robust findings.
The fail-safe N analysis revealed that 127 additional
null studies would be needed to reduce the overall
effect to non-significance, well below the critical
threshold of 145 studies. Sensitivity analysis using

leave-one-out procedures showed that effect sizes
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remained stable (range: 0.456-0.598), confirming the
robustness of the meta-analytical findings across
different study combinations.

6. Discussion

The findings of this comprehensive meta-analysis
provide substantial evidence supporting the
effectiveness of intelligent chatbots in facilitating
open learning resource navigation and educational
support. The overall moderate positive effect size (g =
0.527) indicates that chatbot implementation produces
meaningful improvements in learning outcomes, with
particular strength in STEM fields and text-based
interactions. These results align with previous research
by Huang et al. (2024) and extend the evidence base
by specifically examining chatbot applications in open
learning environments. The moderator analysis
reveals important insights into the factors that
influence chatbot effectiveness. The superior
performance of chatbots in STEM fields (g = 0.673)
may be attributed to the structured nature of technical
knowledge and the clear procedural steps that
characterize many STEM learning objectives (Kuhail
et al., 2023). Similarly, the effectiveness of text-based
interactions (g = 0.548) supports the notion that
written communication facilitates reflective learning
processes and allows students to process information
at their own pace, which is particularly valuable in
open learning contexts where self-directed learning is
paramount.

The temporal analysis provides valuable insights into
optimal implementation strategies, suggesting that
sustained chatbot exposure (1-6 months) produces the
greatest learning benefits. This finding indicates that
chatbots require an adaptation period during which
students become familiar with the interface and
develop effective interaction strategies (Behforouz &
Algaithi, 2024). The plateau effect observed in studies
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lasting more than 6 months suggests that chatbot
novelty may diminish over extended periods,
highlighting the importance of continuous system
updates and feature enhancements to maintain
engagement. The quality assessment reveals that while
most studies demonstrate acceptable methodological
rigor, challenges remain in implementing double-blind
procedures in educational technology research. The
inability to blind participants to chatbot interventions
is a common limitation in this field, as noted by
Okonkwo and Ade-lbijola (2021). However, the
overall low risk of publication bias and the robust
sensitivity analysis findings support the validity of the
meta-analytical results.

The implications of these findings extend beyond
individual learning outcomes to broader educational
policy and practice considerations. The demonstrated
effectiveness of chatbots in supporting open learning
resource navigation suggests that these technologies
can help democratize access to quality educational
support, particularly for learners who may face
geographical, temporal, or socioeconomic barriers to
traditional educational resources (Gallina, 2023). The
scalability of chatbot systems makes them particularly
valuable for massive open online courses and other
large-scale educational initiatives. However, the
implementation of chatbot technology in educational
settings must be approached with careful
consideration of ethical implications and potential
limitations. Concerns about data privacy, algorithmic
bias, and the potential for over-reliance on artificial
intelligence require ongoing attention and proactive
management strategies (Mvondo et al., 2023). The
findings suggest that chatbots are most effective when
they complement rather than replace human

instructors and support staff, emphasizing the
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importance of hybrid approaches that combine
technological innovation with human expertise.

7. Conclusion

This comprehensive review and meta-analysis
provides robust evidence supporting the effectiveness
of intelligent chatbots in facilitating open learning
resource navigation and educational support. The
moderate positive effect size (g = 0.527) across 28
studies demonstrates that chatbot implementation
produces meaningful improvements in learning
outcomes, student engagement, and course navigation
efficiency. The findings indicate that chatbots are
particularly effective in STEM fields, through text-
based interactions, and with sustained implementation
periods of 1-6 months. The analysis reveals that
successful chatbot implementation requires careful
consideration of design principles, educational
context, and user needs. The superior performance of
text-based  chatbots  suggests that  written
communication interfaces may be optimal for
educational applications, while the domain-specific
effectiveness patterns indicate that chatbot design
should be tailored to specific educational contexts and
learning objectives. The study's findings have
significant implications for educational policy and
practice, suggesting that chatbot technology can help
democratize access to quality educational support and
enhance the scalability of open learning initiatives.
However, successful  implementation  requires
attention to ethical considerations, data privacy
concerns, and the importance of maintaining human
oversight in educational contexts. Future research
should focus on developing more sophisticated
chatbot systems that can adapt to individual learning
styles and preferences, investigating the long-term
effects of sustained chatbot use, and exploring

innovative approaches to addressing the identified
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limitations and challenges. The evidence presented in
this meta-analysis provides a strong foundation for
continued development and implementation of chatbot
technology in educational settings, with the potential
to transform how learners access and navigate open
educational resources.
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