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Abstract—This study analyzes the implementation of Al-
powered conversational solutions, based on structured workflows,
as a strategy for virtual academic tutoring in Salvadoran higher
education. A mixed-methods approach was adopted through a
case study conducted in the Financial Mathematics course at
the Universidad Tecnolégica de El Salvador. Using the Landbot
platform, conversational chatbots with structured dialog flows
were designed to provide automated academic support, activity
organization, and continuous asynchronous student guidance.
The results reveal a highly positive student perception of us-
ability, functional usefulness, and pedagogical support, high-
lighting improvements in learner autonomy and academic time
management. However, limitations related to personalization of
the response and the reliance on internet connectivity were also
identified. The study is part of a validation phase in a controlled
environment (Technology Readiness Level — TRL 4), focusing
on student perception as an initial indicator of the system’s
effectiveness. The study concludes that Al-driven chatbot-based
tutoring represents an innovative and scalable solution with
strong potential to improve academic support processes in virtual
and asynchronous higher education environments.

Index Terms—artificial intelligence, chatbots, virtual tutoring,
higher education, educational innovation.

I. INTRODUCTION

Higher education is undergoing an accelerated transfor-
mation driven by digitalization and the integration of artifi-
cial intelligence into teaching and learning environments. In
particular, virtual and asynchronous education models have
increased the demand for academic support strategies that
are accessible, timely, and scalable [1f]. However, in many
Latin American university contexts, academic tutoring still
relies primarily on direct instructor intervention, which limits
personalized attention and the continuity of student support.

In this context, artificial intelligence-based chatbots have
emerged as a technological alternative capable of automat-
ing academic guidance processes, answering frequently asked
questions, and supporting learning organization through nat-
ural language interactions. Previous studies indicate that
such tools enhance learner autonomy, time management, and
perceived pedagogical support in virtual learning environ-
ments [2], [3].

Despite their potential, the implementation of chatbots as
academic tutors in Salvadoran and Central American higher
education remains limited. Commonly used institutional plat-

forms do not natively integrate automated tutoring mecha-
nisms, creating a gap between students’ support needs and
available technological capabilities. This gap highlights the
need to explore Al-based solutions that complement traditional
academic tutoring.

In response, this study aims to analyze student perceptions
of implementing artificial intelligence—based chatbots as a vir-
tual academic tutoring resource in higher education. Through
a case study conducted in the Financial Mathematics course at
the Universidad Tecnoldgica de El Salvador, the research eval-
uates the impact of chatbots on learner autonomy, academic
organization, and learning satisfaction, providing empirical
evidence to support scalable technopedagogical strategies in
virtual university contexts.

II. RELATED WORK

The use of artificial intelligence—based chatbots in education
has gained increasing attention as institutions seek scalable
solutions to support student learning in virtual and blended
environments. Prior research highlights the potential of chat-
bots to provide immediate feedback, automate administrative
and academic support tasks, and enhance student engagement
through natural language interaction [4]], [S]. These systems
have been applied primarily as virtual assistants for answering
frequently asked questions, supporting course navigation, and
offering basic conceptual explanations.

Several studies report positive effects of chatbot-assisted
tutoring on learner autonomy, motivation, and time man-
agement in higher education contexts. Rohid et al. [6] and
ElSayad et al. [7] emphasize that automated tutoring tools
can complement traditional instructional practices by reducing
response times and increasing the availability of academic sup-
port. Similarly, systematic reviews indicate that chatbots are
particularly effective in asynchronous learning environments,
where continuous instructor presence is limited [§]], [9].

In Latin America, research on educational chatbots remains
relatively limited and is often focused on pilot implementations
or conceptual analyses. Studies such as Bautista et al. [5]]
and Peralta et al. [[10] identify infrastructural, institutional,
and pedagogical challenges that hinder large-scale adoption of
Al-driven educational technologies. Moreover, many reported
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implementations rely on single-purpose chatbots, offering re-
stricted functionality and limited integration with course-level
academic tutoring processes.

In contrast to prior work, this study presents the design and
deployment of multiple Al-based chatbots with differentiated
academic roles within a real undergraduate course. By evalu-
ating student perceptions through a mixed-methods approach,
the present work contributes empirical evidence from a Central
American higher education context and proposes a practical,
replicable model for virtual academic tutoring that extends
beyond isolated chatbot applications.

III. METHODOLOGY

This study adopted a mixed-methods research design, in-
tegrating quantitative and qualitative approaches to obtain a
comprehensive understanding of students’ perceptions regard-
ing the use of artificial intelligence—based chatbots for virtual
academic tutoring. The mixed-methods approach was selected
due to its suitability for exploring both measurable trends and
subjective user experiences in educational technology research.
The study was conducted as a descriptive and exploratory case
study, following the methodological guidelines proposed by
Yin [11]]. This approach is particularly relevant for exploratory
studies in educational settings, as it allows for the combination
of the analysis of measurable perceptions with the interpreta-
tion of subjective experiences. From a technological maturity
perspective, this study can be classified as being at the con-
trolled environment validation stage (Technology Readiness
Level — TRL 4), where the primary objective is to evaluate
the functionality, acceptance, and pedagogical viability of the
solution before scaling it up to broader contexts.

A. Research Context and Participants

The study was carried out during the 2025-1I academic
term in the Financial Mathematics course at the Universidad
Tecnoldgica de El Salvador. The participants consisted of 36
undergraduate students enrolled in virtual learning modality
programs related to business and engineering fields. A non-
probabilistic, intentional sampling strategy was employed, as
all participants interacted with the implemented chatbots as
part of the academic support activities.

B. Chatbot Design and Implementation

The chatbot system was developed using the Landbot
platform [12] and implemented through structured conversa-
tional flows, combining predefined response options, auto-
mated messages, and decision-based navigation. The design
process followed an iterative prototyping approach, allowing
refinement of dialog structures and academic content prior to
full deployment. It is important to note that these systems
are based on conversational automation guided by structured
workflows, which represents a basic level of applied artificial
intelligence.

Four chatbots with differentiated academic functions were
implemented: (1) a pilot chatbot designed to introduce basic
financial concepts and validate interaction flows (Fig. ; 2)a

chatbot focused on assessment dates and academic reminders
to support time management (Fig. [2); (3) a chatbot dedicated to
academic events and student presentations; and (4) a primary
Financial Mathematics virtual assistant providing conceptual
support, automated reminders and access to learning materials
(Fig.[3). All chatbots were deployed in an asynchronous virtual
environment and remained accessible throughout the academic
term.

Hola, Bienvenido a BayronFinBot. Soy tu
chatbot que te ayuda en conceptos basicos
de matematica financiera. ;Cual es tu
nombre?

Esto quiere decir que el capital se mantiene intacto y que el interés no
cambia en el tiempo

A menos que reinviertas tus ganancias ¥

Tegu

a operz
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Fig. 1: Pilot chatbot: greeting interface and interaction flow.

a conocer cuales son las variables que se involucran en estas
es? &

C. Data Collection Instruments

Data were collected using an online structured questionnaire
composed of 15 items on the Likert-scale (1-5), designed
to measure usability, perceived usefulness, accessibility, and
frequency of use. In addition, open-ended questions were
included to capture qualitative feedback related to perceived
benefits, limitations, and improvement suggestions. The instru-
ment design was in line with previous studies on educational
chatbot evaluation [13], [14].

D. Procedure

The methodological procedure was conducted in four se-
quential phases: planning, chatbot design, implementation,
and evaluation. During the implementation phase, students
interacted freely with the chatbots over a four-week period
within the virtual learning environment. Upon completion of
the intervention, the questionnaire was administered using
Microsoft Forms to collect perception data.

E. Data Analysis

Quantitative data were analyzed using descriptive statistics,
including frequencies and percentages, to identify general
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Este asistente le brindara las fechas de
parciales de matematica Financiera virtual
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Creado por Bayron Cordero &

cQué parcial ordinario desea consultar la fe

CHOOSE AN OPTION

trends in student perceptions [15]]. Qualitative data were an-
alyzed using thematic analysis, following the approach pro-
posed by Braun and Clarke [16]], which allowed the identifi-
cation of recurring themes related to benefits, limitations, and
user experience. The integration of quantitative and qualitative
findings enabled data triangulation and enhanced the validity
of the results. This analysis made it possible to supplement
the quantitative results by interpreting the participants’ expe-
riences and subjective assessments.

IV. RESULTS

Data collection was conducted during the 2025-I1 academic
term in the Financial Mathematics course at the Universidad
Tecnoldégica de El Salvador. A total of 36 undergraduate
students participated in the study and completed the perception
questionnaire after interacting with the implemented chatbots
over a four-week period.

Fig. 2: Assessment dates chatbot: interface and automated
responses.

¢ Qué deseas consultar Smith? &

HOOSE AN OPTION

@ Fechas

importantes

& Enlaces utiles

{Qué enalce desea visitar?
{OOSE AN OPTION

® Microsoft Teams

¥ Canal de Youtube

LinkedIn

Fig. 3: Financial Mathematics virtual assistant: menu and
interaction flow.

Overall results indicate a high level of acceptance of Al-
based chatbots as academic support tools. As summarized
in Table Il 61% of participants rated the chatbot system as
very easy to use, while 69% perceived it as very useful for
academic activities. Additionally, 97% of students reported
that chatbot use contributed positively to their learning process
and expressed willingness to recommend its use in other
courses. Figure [ presents a visual summary of students’
perceptions regarding ease of use, clarity of instructions, and
perceived usefulness, showing a predominance of positive
evaluations across all measured dimensions.

TABLE I: Descriptive results of student perception regarding
chatbot use

Dimension
Ease of use

Category n %
Very easy 22 6l
Clarity of instructions Very easy 22 61
Perceived usefulness Very useful 25 69
Contribution to learning Yes 35 97
Recommendation of use Yes 35 97

B. Contribution to Autonomy and Time Management

Regarding learning autonomy and time management, 85%
of students indicated that chatbot interaction supported better
organization of academic tasks and planning of activities.
Figure ] illustrates the perceived contribution of chatbots to
learning and students’ intention to recommend their use in
other subjects.

C. Comparison of Implemented Chatbots

A comparative analysis of the implemented chatbots is
presented in Table The Financial Mathematics virtual
assistant was identified as the most valued chatbot by 55%
of participants, followed by the assessment dates chatbot.
Figure [6] complements these findings by comparing perceived
ease of use and clarity among the different chatbots.
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Fig. 4: Perceived ease of use, clarity of instructions, and
usefulness of the chatbot system.
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Fig. 5: Perceived contribution of chatbots to learning and
recommendation for use in other courses.

TABLE II: Comparative evaluation of implemented chatbots

Category Key Indicator %
Most valued chatbot Financial Mathematics Assistant 55
Ease of use Very easy 83
Academic support usefulness Very useful 70
Most valued aspect Ease of use 37
Main suggestion Expanded functionality 35
Overall opinion Positive 82

14
12
B Chatbot de Parciales fue
10
H Chatbot de Ponencias fue
8
H Asistente de Matematica Financiera
6 fue
Claridad en informacién
4
2
, HEN I I I

Fécil Muy fécil Neutral / Regular

Fig. 6: Comparison of perceived ease of use and clarity among
implemented chatbots.

D. Qualitative Feedback and Identified Limitations

Qualitative responses provided additional insight into user
experience. As shown in Figure [7} the strengths mentioned
most frequently were ease of use (37%), response speed (25%)
and clarity of information (19%). Identified limitations and
suggestions for improvement are summarized in Figure
highlighting requests for expanded functionality, increased
personalization, and improved platform integration.

Automatizacién/Int
eraccién
13% Rapidez/Inmediatez

25%

Claridad/Precisién
19%

Facilidad de uso
37%

Fig. 7: Most valued aspects of chatbot use reported by stu-
dents.

V. DISCUSSION

The findings of this study confirm the growing relevance of
artificial intelligence—based chatbots as effective support tools
in virtual higher education environments. Consistent with prior
research, the results show high levels of student acceptance
regarding usability and perceived usefulness, reinforcing the
role of conversational agents in facilitating access to academic
support and information [17]), [18].

In line with previous studies highlighting the impact of
automated tutoring on learner autonomy and time manage-
ment [19]], [20], participants in this study reported significant
improvements in academic organization and self-regulation.
These outcomes are particularly relevant in asynchronous
learning contexts, where continuous instructor presence is
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Fig. 8: Student perceptions and suggestions for improvement.

limited and students must rely on digital resources for timely
guidance.

Compared to earlier implementations reported in the liter-
ature, which often focus on single-purpose or pilot chatbots
[21]], [22], this study demonstrates the value of deploying mul-
tiple chatbots with differentiated academic roles within a single
course. The higher valuation of the Financial Mathematics vir-
tual assistant suggests that chatbots providing direct curricular
support generate greater perceived impact than those limited
to administrative functions, supporting findings reported by
Morales-Garcia [23]]. In this regard, the findings suggest that
these tools not only facilitate access to information but also
promote active learning processes through ongoing interaction
in digital environments.

From a regional perspective, the results contribute empirical
evidence from a Central American higher education context,
addressing a gap identified in Latin American studies on edu-
cational chatbots [24], [25]]. The positive perceptions observed
indicate that Al-based tutoring solutions can be successfully
adopted even in contexts with limited prior experience in
educational artificial intelligence, provided that the tools are
intuitive and aligned with course-level needs.

From a technological perspective, it is important to note
that the chatbots implemented in this study are based on
structured conversational flows, which corresponds to a guided
automation approach rather than adaptive or generative ar-
tificial intelligence systems. However, the results show that
even this type of solution can have a significant pedagogical
impact in real educational contexts, especially when aligned
with specific curriculum objectives.

The results should be interpreted within the framework of an
initial phase of technological validation. From the perspective
of Technology Readiness Levels (TRL), this study falls under
the controlled environment validation level (TRL 4), where the
primary purpose is to evaluate the functionality, acceptance,
and relevance of the solution prior to its scaling. In this
regard, the characteristics of the methodological design—such
as sample size and the use of descriptive statistics—reflect the
exploratory nature of this stage and allow for the collection of

preliminary evidence relevant to future implementations.

Despite these positive outcomes, certain limitations must be
acknowledged. The dependence on stable internet connectivity
and the limited emotional personalization of chatbot responses
were recurrent concerns among participants. These challenges
are consistent with those reported in prior studies and highlight
the importance of institutional infrastructure and the potential
integration of affective computing techniques in future chatbot
designs [26]].

Overall, the discussion of results suggests that Al-driven
chatbots represent a viable and scalable complement to tradi-
tional academic tutoring. Their implementation supports not
only administrative efficiency but also pedagogical processes
related to autonomy, organization, and continuous academic
support, reinforcing their potential role within engineering and
technology-oriented higher education programs.

VI. CONCLUSIONS

This study analyzed the implementation of artificial
intelligence-based chatbots as a virtual academic tutoring strat-
egy in higher education through a mixed-methods case study
conducted in a Financial Mathematics course. The findings
indicate that chatbot-based tutoring was positively perceived
by the students, particularly in terms of usability, perceived
usefulness, and continuous academic support in asynchronous
learning environments.

The results show that the use of multiple chatbots with
differentiated academic roles contributed to improvements in
learner autonomy, academic organization, and time manage-
ment. Among the implemented tools, the chatbot providing
direct curricular support was identified as the most valuable,
suggesting that Al-driven tutoring systems aligned with course
content generate greater pedagogical impact than chatbots
limited to administrative functions.

From an engineering education perspective, this work con-
tributes empirical evidence of a practical and scalable model
for virtual academic tutoring supported by conversational arti-
ficial intelligence. The study demonstrates that chatbot-based
solutions can effectively complement traditional academic
tutoring and support digital transformation initiatives in higher
education institutions, particularly in Latin American contexts.

VII. LIMITATIONS AND FUTURE WORK

Despite the positive outcomes, several limitations must be
acknowledged. First, the study was conducted as a single-case
implementation with a relatively small sample size, which lim-
its the generalizability of the findings. Second, the evaluation
focused on student perceptions rather than objective indicators
of academic performance. Additionally, the chatbot system
relied on predefined conversational flows, which constrained
the level of emotional personalization and adaptive feedback.

However, the results should be interpreted with caution,
given that the study was conducted using a small, non-
probabilistic sample within a specific context. These charac-
teristics are consistent with a validation phase in a controlled
environment (Technology Readiness Level — TRL 4), which
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limits the generalizability of the findings to other educational
contexts.

Furthermore, this study focused on analyzing student per-
ceptions without incorporating objective indicators of aca-
demic performance, such as grades, completion rates, or
retention metrics; therefore, it is recommended that future
studies incorporate learning analytics to more accurately assess
the impact of chatbots on effective learning.

Future research should explore longitudinal studies involv-
ing multiple courses and institutions to assess the impact of
Al-based tutoring on academic performance, retention, and
learning outcomes. Further work may also focus on integrat-
ing affective computing, natural language understanding, and
learning analytics to enhance personalization and emotional
responsiveness. Finally, deeper integration with institutional
learning management systems could strengthen the scalability
and effectiveness of chatbot-based academic support solutions.
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