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ABSTRACT

This study investigated the influence of data analytics competence on the productivity and task
performance of professional secretaries in selected universities within the South-South region of Nigeria.
The study adopted a descriptive survey design, and the population comprised 180 professional secretaries
drawn from four universities: Rivers State University, Port Harcourt; University of Port Harcourt, Port
Harcourt; Niger Delta University, Wilberforce Island; and Ignatius Ajuru University of Education, Port
Harcourt. These institutions were selected because they possess established administrative structures
employing qualified secretaries who increasingly depend on digital and analytical tools in their daily
operations. Using the Taro Yamane (1967) statistical formula at a 5% margin of error, a sample size of
124 respondents was determined. Data were collected through a structured questionnaire and analyzed
using mean, standard deviation, and multiple regression. Findings revealed that data analytics competence
significantly influences both productivity and task performance among professional secretaries. Those
proficient in analytics tools and digital platforms exhibited higher accuracy, efficiency, and decision-
making capability in administrative processes. The multiple regression results (R = 0.732; Rz = 0.536; F =
65.87; p < 0.05) indicated that data analytics competence and digital resource utilization jointly explained
53.6% of the variance in productivity and task performance. The study concludes that analytics
competence is a vital determinant of modern administrative efficiency and recommends the
institutionalization of continuous professional development programs in data analytics, investment in
digital infrastructure, and the integration of analytics-based administrative systems in Nigerian
universities. This study contributes to the growing discourse on data-driven administrative transformation
in higher education institutions.

Keywords: Data analytics competence, productivity, task performance, professional secretaries,
university administration, South—South Nigeria.

INTRODUCTION

In the contemporary digital economy, data analytics has emerged as a cornerstone of efficiency and
strategic decision-making across industries, including higher education. Modern organizations
increasingly depend on their administrative staff—not merely for clerical or communicative duties—but
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for their ability to interpret and utilize data for informed decision-making and improved productivity.
Consequently, the role of the professional secretary has evolved from routine administrative support to
that of a data-driven knowledge worker (Akinola & Ezenwafor, 2021; Cai & Zhu, 2023).

Within Nigerian universities, professional secretaries are central to the management of academic and
administrative data such as student records, staff information, correspondence, and performance reports.
Their work now relies heavily on data analytics competence, which refers to the ability to collect, process,
and interpret data to generate meaningful insights (Kotu & Deshpande, 2022). When secretaries possess
this competence, they can anticipate administrative needs, generate accurate reports, and enhance decision
efficiency—thereby boosting task performance and productivity (Okwu & Ede, 2021).

However, despite increasing digitalization across universities, the effective integration of data analytics
into secretarial functions remains inconsistent. Many secretaries continue to depend on manual record
systems, spreadsheets, and traditional documentation methods, which limit their capacity to contribute to
evidence-based decision-making (Eze & Nwachukwu, 2020). This technological gap is often attributed to
limited training, insufficient access to analytical tools, and outdated office technology curricula (Okafor,
2022). As a result, productivity gains expected from university digital transformation efforts are not being
fully realized (Opara, 2021).

In the South—South region of Nigeria, universities such as Rivers State University, Ignatius Ajuru
University of Education, and Niger Delta University are adopting cloud-based systems, electronic record
platforms, and data visualization tools to improve administrative efficiency. Yet, anecdotal evidence
suggests that many professional secretaries in these institutions have not fully mastered the analytical
competencies required to optimize such systems (Eneh & Okonkwo, 2023). Their limited proficiency in
data interpretation often leads to delays, redundant work, and errors in documentation—issues that
undermine organizational productivity (lbe, 2022).

Moreover, studies highlight that productivity in modern offices is strongly influenced by employees’
ability to leverage data for planning, forecasting, and monitoring performance (Adebayo, 2023). In this
sense, data analytics competence serves not merely as a technical skill but as a strategic organizational
resource that enhances competitive advantage and service delivery (Nwosu, 2022). Therefore,
understanding the relationship between secretaries’ analytical skills, their task performance, and their
overall productivity is essential for improving administrative effectiveness in Nigerian higher education
institutions.

Given this background, this study investigates the influence of data analytics competence on the
productivity and task performance of professional secretaries in selected universities in South—South
Nigeria. It aims to determine the extent to which data-driven competence improves efficiency and to
provide insights that may inform professional development and policy in university administration.
Statement of the Problem

In today’s data-driven academic environment, universities increasingly depend on digital systems for
records management, planning, and performance evaluation. Professional secretaries—who serve as the
administrative backbone of these institutions—are expected to possess data analytics competence to
interpret and transform raw information into actionable insights (Cai & Zhu, 2023). However, evidence
suggests that many secretarial personnel in Nigerian universities lack the analytical proficiency required
to meet these new administrative demands (Eze & Nwachukwu, 2020; Okafor, 2022).

Although universities in the South—South region such as Rivers State University, Niger Delta University,
and Ignatius Ajuru University have adopted digital tools for office operations, secretaries’ limited mastery
of data analytics applications often results in delayed reporting, inaccurate documentation, and low
administrative productivity (Eneh & Okonkwo, 2023; Opara, 2021). Studies have further shown that
inadequate training, poor access to analytical software, and curriculum gaps in technology education
contribute to these deficiencies (Akinola & Ezenwafor, 2021; Adebayo, 2023).

Consequently, the anticipated efficiency and evidence-based decision-making promised by digital
transformation remain underrealized in many university offices. The persistent gap between technological
adoption and human analytical competence raises critical questions about how well professional
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secretaries are prepared to function in a data-intensive administrative environment. Hence, this study
seeks to examine the influence of data analytics competence on the productivity and task performance of
professional secretaries in selected universities in South—South Nigeria.

Objectives of the Study

The main objective of this study is to investigate how data analytics competence affects the productivity
and task performance of professional secretaries in selected universities in South—South Nigeria.
Specifically, the study seeks to:

1. Determine the extent to which data analytics competence influences task performance of
professional secretaries in selected universities.

2. Assess the effect of data analytics competence on the productivity of professional secretaries in
administrative operations.

3. Examine the combined influence of data analytics competence and digital resource utilization on

the overall job efficiency of professional secretaries.
Research Questions

1. To what extent does data analytics competence influence the task performance of professional
secretaries in selected universities in South—South Nigeria?

2. How does data analytics competence affect the productivity of professional secretaries in
university administrative operations?

3. What is the combined influence of data analytics competence and digital resource utilization on

the job efficiency of professional secretaries?
Research Hypotheses

1. Hoi: Data analytics competence has no significant influence on the task performance of
professional secretaries in selected universities in South—South Nigeria.

2. Ho:: Data analytics competence has no significant effect on the productivity of professional
secretaries in university administrative operations.

3. Hos: There is no significant combined influence of data analytics competence and digital resource

utilization on the overall job efficiency of professional secretaries.

Literature Review

Data Analytics Competence

The rapid digitalization of workplace processes has placed data analytics competence at the center of
effective administrative and organizational management. Data analytics competence refers to an
individual’s ability to collect, process, interpret, and apply data to inform decision-making and improve
performance outcomes (Cai & Zhu, 2023). In the context of office and information management, it
involves proficiency in spreadsheet modeling, database management, visualization tools, and predictive
analysis techniques that enable administrative professionals to transform raw information into actionable
insights (Wamba et al., 2021).

Data analytics competence is not limited to technical skill; it also encompasses cognitive and behavioral
capacities such as critical thinking, information literacy, and problem-solving (Adebayo, 2023). For
professional secretaries and administrative officers, these competencies support operational efficiency by
improving document management, workflow analysis, and task prioritization. As universities across
Nigeria embrace digital transformation, secretaries who can interpret trends, identify performance gaps,
and provide data-driven recommendations are increasingly valuable to institutional effectiveness (Eneh &
Okonkwo, 2023). However, empirical evidence indicates that many administrative professionals in
Nigerian universities possess only moderate analytical competence, limiting their ability to adapt to the
data-driven demands of modern office environments (Eze & Nwachukwu, 2020; Okafor, 2022).
Productivity and Task Performance

Productivity in organizational settings generally reflects the efficiency and effectiveness with which
employees utilize resources to achieve institutional goals (Michels & Murphy, 2022). For professional
secretaries, productivity manifests in the speed, accuracy, and quality of task completion, including
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document processing, scheduling, and communication management. Task performance, on the other hand,
represents the behavioral expression of competence—the extent to which an employee executes core
duties in alignment with organizational standards (Opara, 2021). Task performance is thus a function of
both technical skill and motivational factors that drive employees to achieve expected results (Sani &
Hassan, 2023).

In higher education, where administrative operations underpin academic performance, the productivity
and task performance of professional secretaries significantly determine the overall efficiency of
university management. Efficient task performance ensures smooth coordination of records, improved
communication flow, and timely reporting—all of which are essential to institutional quality assurance
and decision-making (Ezenwafor & Akinola, 2021).

Linking Data Analytics Competence with Productivity and Task Performance

A growing body of literature highlights a positive association between data analytics competence and
improved employee performance outcomes. According to Wamba et al. (2021), employees who possess
data analytical skills are better positioned to make evidence-based decisions, anticipate operational
challenges, and optimize task execution. Similarly, Cai and Zhu (2023) found that data-literate workers
demonstrate higher adaptability, efficiency, and cognitive flexibility in task completion.

From a theoretical standpoint, the Technology Acceptance Model (TAM) (Davis, 1989) and the
Resource-Based View (RBV) (Barney, 1991) provide complementary explanations for this linkage. TAM
posits that the perceived usefulness and ease of use of technology influence user engagement and skill
acquisition. When professional secretaries perceive data analytics tools as beneficial and user-friendly,
they are more likely to integrate them into daily tasks, thereby improving productivity and task
performance (Olowe & Olatunji, 2022). RBV, on the other hand, emphasizes that unique internal
resources—such as human analytical competence—constitute a source of sustained competitive
advantage (Wernerfelt, 2020). Thus, when universities develop the data analytics capacity of their
secretarial workforce, they enhance not only individual productivity but also institutional efficiency and
resilience.

In operational terms, data analytics competence enhances productivity and task performance by enabling
administrative professionals to: (1) identify inefficiencies in workflow processes, (2) generate insights for
strategic planning, and (3) apply automation to repetitive tasks, thereby reducing error rates and time
wastage (Adebayo, 2023; Yue et al., 2024). As digital tools increasingly dominate university
administrative systems, secretaries with strong analytical capabilities are better equipped to adapt to data-
driven operations, contributing to faster decision-making, improved service delivery, and sustainable
organizational performance.

However, the extent of this relationship in Nigerian universities—particularly in the South—South
region—remains underexplored. Many institutions have invested in technology infrastructure without
corresponding capacity-building for administrative personnel (Eneh & Okonkwo, 2023). Consequently,
the anticipated benefits of data-driven decision-making are not fully realized, underscoring the need for
empirical inquiry into how data analytics competence influences productivity and task performance
among professional secretaries in higher education.

METHODOLOGY

The study adopted a descriptive survey research design because it enabled the researcher to obtain factual
and objective information from professional secretaries regarding their competence in data analytics and
its influence on productivity and task performance. The population of the study consisted of all
professional secretaries working in selected universities located within the South—South region of Nigeria.
These universities included Rivers State University, Port Harcourt; University of Port Harcourt, Port
Harcourt; Niger Delta University, Wilberforce Island; and Ignatius Ajuru University of Education, Port
Harcourt. These institutions were chosen because they have well-established administrative structures that
employ qualified professional secretaries who rely heavily on digital and analytical tools in their daily
operations. Records obtained from the human resource departments of these universities indicated that
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there were approximately 180 professional secretaries across the four institutions during the 2024/2025
academic session. To determine a representative sample for the study, the Taro Yamane (1967) statistical
formula was used at a 5% margin of error, yielding a sample size of 124 respondents. The proportionate
stratified random sampling technique was employed to ensure equitable representation of secretaries from
each university. Each institution served as a stratum, and participants were randomly selected in
proportion to the size of their secretarial workforce.

Data were collected using a structured questionnaire titled Data Analytics Competence and Productivity
Questionnaire (DACPQ), designed by the researcher. The instrument contained three main sections.
Section A elicited demographic information about respondents; Section B focused on indicators of data
analytics competence such as data management, analytical reasoning, and the use of data tools and
software; while Section C captured indicators of productivity and task performance, including timeliness,
guality of output, adaptability, and innovation. Each item was measured on a five-point Likert scale
ranging from Strongly Agree (5) to Strongly Disagree (1). The items were formulated based on a careful
review of relevant literature and aligned with the research questions and hypotheses of the study.

The instrument’s validity was established through expert review. Three specialists—two in Office and
Information Management and one in Educational Measurement and Evaluation from Rivers State
University—evaluated the questionnaire for clarity, relevance, and content adequacy. To ensure
reliability, the questionnaire was pilot-tested on 20 professional secretaries from Southern Delta
University, Ozoro who were not included in the main study. The responses were analyzed using
Cronbach’s alpha, which yielded an overall reliability coefficient of 0.88.

After obtaining institutional approval and informed consent from participants, data collection was carried
out through direct administration of questionnaires by the researcher with the assistance of trained
research aides. Upon retrieval, completed questionnaires were coded and entered into the Statistical
Package for the Social Sciences (SPSS, Version 26) for analysis. Descriptive statistics such as mean and
standard deviation were used to answer the research questions, while multiple regression analysis was
used to test the formulated hypotheses at a 0.05 level of significance.

Throughout the study, ethical principles were carefully upheld. Respondents’ rights to privacy, voluntary
participation, and withdrawal were respected. Data collected were used solely for academic purposes, and
no identifying information was recorded. These ethical considerations ensured that the study adhered to
the professional standards of research integrity and objectivity.

RESULTS

This section presents analyzes, and interprets the data collected from professional secretaries in selected
universities in South-South Nigeria to determine how data analytics competence influences their
productivity and task performance. Out of the 124 copies of the questionnaire administered, 117 were
returned and found valid for analysis, representing a 94.4% response rate, which was considered adequate
for the study. Descriptive statistics, including the mean and standard deviation, were used to answer the
three research questions, while multiple regression analysis was employed to test the corresponding
hypotheses at the 0.05 level of significance.

Research Question One

To what extent does data analytics competence influence the task performance of professional secretaries
in selected universities in South—South Nigeria?

Table 1. Influence of Data Analytics Competence on Task Performance (n = 117)

SIN Item Mean SD Remark
Proficiency in spreadsheet and database tools enhances accuracy of Agreed
1 4.32 0.61
reports
2 Analytical reasoning improves prioritization of office tasks 4.24 0.66 Agreed
Data-driven decision-making increases responsiveness to administrative Agreed
3 demands 4.18 0.59
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SIN Item Mean SD Remark

4 Analytics skills enhance time management and scheduling efficiency 411 0.65 Agreed

5 Ability to interpret datasets aids in error detection and correction 4.19 0.63 Agreed
Grand Mean / SD 421 0.63 Agreed

All items recorded mean values well above the 3.00 benchmark, showing strong agreement among
respondents. The highest mean score (M = 4.32) indicated that mastery of spreadsheet and database tools
greatly improves report accuracy. This suggests that professional secretaries who are analytically skilled
are able to organize and process data more efficiently, leading to improved accuracy and accountability in
administrative tasks. The grand mean of 4.21 further reflects that data analytics competence considerably
enhances task prioritization, problem solving, and responsiveness to office needs.

Research Question Two: How does data analytics competence affect the productivity of professional
secretaries in university administrative operations?

Table 2. Effect of Data Analytics Competence on Productivity (n = 117)

S/IN Item Mean SD Remark
1 Use of analytics tools enables efficient data processing 4.26 0.70 Agreed
2 Data analysis improves report generation and documentation 4.09 0.74 Agreed
3 Ability to summarize datasets enhances decision-making speed 4.10 0.71 Agreed
4 Analytics competence reduces redundancy in office procedures 4.13 0.67 Agreed
5 Secretaries with analytics skills meet targets more consistently 4.17 0.68 Agreed
Grand Mean/SD 4.15 0.70 Agreed

Respondents agreed that data analytics competence enhances productivity (grand mean = 4.15). The
ability to use analytics tools to process information (M = 4.26) and to meet work targets consistently (M =
4.17) were rated most highly. These results imply that analytics proficiency allows secretaries to manage
their workload effectively, identify performance bottlenecks, and produce results more efficiently.
Research Question Three: What is the combined influence of data analytics competence and digital
resource utilization on the job efficiency of professional secretaries?

Table 3. Influence of Data Analytics Competence & Digital Resource Utilization (n = 117)

SIN Item Mean SD Remark

1 Integration of analytics with digital platforms improves timeliness 4.12 0.70  Agreed
2 Digital collaboration tools strengthen analytics-based decisions 4.03 0.69  Agreed
3 Cloud-based analytics reduce data loss and duplication 4.09 0.65  Agreed
4 Analytics enhances coordination of virtual communication 4.01 0.71  Agreed
Agreed

5 Digital resource use complements analytics for improved efficiency 4.16 0.66
Grand Mean/SD 4.08 0.68  Agreed

Respondents agreed that the integration of data analytics competence with digital resource utilization
enhances job efficiency. The grand mean (4.08) signifies high consensus that analytics competence, when
combined with digital collaboration and cloud computing tools, promotes speed, accuracy, and
consistency in secretarial performance.

Test of Hypotheses

To determine whether data analytics competence significantly predicted the productivity and task
performance of professional secretaries, a multiple regression analysis was conducted.
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Table 4
Model Summary of Multiple Regression Analysis
Model R R2 Adjusted Rz Std. Error of Estimate
1 0.732  0.536 0.529 0.47123

Table 4 shows that the correlation coefficient (R) between the independent variables and productivity/task
performance is 0.732, indicating a strong positive relationship. The coefficient of determination (Rz =
0.536) reveals that about 53.6% of the variance in productivity and task performance can be explained by
data analytics competence and digital resource utilization. The remaining 46.4% is attributed to other
variables not included in this model.

Table 5. ANOVA Summary

Model Sum of Squares df  Mean Square F Sig. (p)
Regression 29.188 2 14.594 65.87 0.000
Residual 25.256 114 0.222

Total 54.444 116

Table 5 reveals an F-value of 65.87 with a p-value of 0.000 < 0.05, signifying that the regression model is
statistically significant. Therefore, the null hypotheses stating that data analytics competence has no
significant influence on productivity and task performance are rejected.

Table 6. Coefficients of Regression Analysis

. Unstandardized Standardized Sig.
Predictors Coefficients (B) Std. Error Coefficients (Beta) t (p)
(Constant) 1.115 0.198 — 5.63 0.000
Data Analytics 0.483 0.074 0.574 6.53  0.000
Competence
Digital Resource 0.316 0.068 0.428 492  0.000
Utilization

From Table 6, the unstandardized coefficients show that both predictors contribute positively to
productivity and task performance. Specifically, a unit increase in data analytics competence leads to a
0.483-unit increase in performance, while a unit increase in digital resource utilization contributes an
additional 0.316-unit increase. The standardized coefficients (B = 0.574 for analytics competence; B =
0.428 for digital resource utilization) indicate that data analytics competence exerts a stronger influence
on productivity and task performance than digital resource utilization. The significance values (p < 0.05)
confirm that both predictors are statistically significant.

DISCUSSION OF RESULTS

Findings of the study showed that data analytics competence had a substantial influence on their task
performance. The results implies that proficiency in data management tools enhanced accuracy and
efficiency in report preparation, scheduling, and communication. They also emphasized that data-driven
decision-making improved their ability to prioritize tasks and anticipate administrative needs. These
findings align with those of Afolayan and Ogunleye (2021), who noted that data literacy significantly
enhances employee task precision and responsiveness in higher education administrative systems.
Similarly, Okoye, Iwu, and Nwachukwu (2022) found that employees with higher data analytical skills
exhibit improved workflow coordination and faster response times in complex office environments. Thus,
the evidence indicates that data analytics competence contributes positively and meaningfully to
secretaries’ task performance in universities.

The analysis of data as shown in Table 2 revealed that data analytics competence had a strong effect on
productivity. It implies that the use of analytics tools enabled them to process large volumes of
administrative data more efficiently, streamline document management systems, and monitor progress in
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office workflows. Many respondents reported that their ability to generate accurate summaries and reports
from datasets reduced redundancy and enhanced decision-making speed for their supervisors. This
finding corroborates the report of Ezenwafor and Nwosu (2020), who established that office professionals
with advanced data analytics abilities demonstrated greater output and operational efficiency. It also
resonates with Ali and Miller’s (2022) assertion that integrating analytics into administrative routines
improves both the speed and quality of service delivery in educational institutions. Therefore, it can be
inferred that secretaries who possess stronger data analytics competencies are more productive, more
consistent in performance, and better aligned with institutional goals.

The results from the descriptive analysis indicate that data analytics competence and the effective use of
digital resources jointly enhanced their job efficiency. Respondents highlighted that integrating analytics
with digital communication, cloud-based collaboration tools, and electronic filing systems improved
timeliness, reduced data loss, and fostered collaborative decision-making. This observation is supported
by Nwankwo and Okafor (2023), who observed that digital resource integration, when coupled with
analytical proficiency, optimizes secretarial functions and boosts institutional efficiency. Similarly, Bello
and Johnson (2021) emphasized that analytics-driven digital management systems contribute to error
reduction and real-time monitoring, leading to enhanced administrative performance. The findings,
therefore, underscore that job efficiency among secretaries is maximized when data analytics competence
is complemented by the effective utilization of digital resources.

The result of multiple regression analysis showed that the overall regression model was statistically
significant, leading to the rejection of the null hypotheses. This result demonstrates that data analytics
competence significantly predicts the productivity and task performance of professional secretaries. These
findings corroborate Mensah and Boateng (2023), who found that data analytical capacity strongly
predicts workplace performance in administrative and business environments. It also supports Adeyemi
and Ojo (2022), who emphasized that analytics competence serves as a crucial determinant of operational
productivity in information management roles. Consequently, the results of this study confirm that data
analytics competence, reinforced by digital resource utilization, significantly enhances both task
performance and productivity among professional secretaries in university administrative settings.

The results of this study collectively affirm that data analytics competence is a pivotal factor in improving
secretarial productivity and task performance in universities. The consistent high mean ratings across all
constructs suggest that secretaries who can harness data for decision-making are more efficient, accurate,
and reliable in performing administrative tasks. This supports the Technology Acceptance Model (TAM),
which posits that perceived usefulness and ease of use drive users’ engagement with technology (Davis,
1989; Venkatesh & Bala, 2020). It also aligns with the Resource-Based View (RBV) theory, emphasizing
that employees’ analytical skills serve as strategic resources that enhance organizational competitiveness
(Barney, 1991; Wernerfelt, 2021). Therefore, data analytics competence emerges as both a technological
and cognitive resource that empowers professional secretaries to deliver more value through data-
informed decisions, timely operations, and continuous improvement in performance outcomes.

CONCLUSION

Based on the findings, the study concludes that data analytics competence significantly influences the
productivity and task performance of professional secretaries in Nigerian universities. Secretaries with
higher analytical proficiency exhibit stronger problem-solving abilities, higher work accuracy, and
improved efficiency. Moreover, integrating analytics competence with digital resource utilization creates
a synergistic effect that enhances administrative outcomes. Hence, the development of analytics
competence among office professionals is not optional but a necessity for achieving excellence in modern
administrative practice.
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RECOMMENDATIONS

1. Integration of Data Analytics into Secretarial Curricula: Universities offering Office and
Information Management programs should embed data analytics courses and practical analytics
projects into their curricula to build competence early among students.

2. Continuous Professional Development: University management should provide regular training
workshops for secretaries on analytics tools such as Excel Power Bl, Tableau, and SQL to sustain
productivity and performance.

3. Provision of Digital Infrastructure: Institutions should invest in digital infrastructure that supports
data analytics applications, such as cloud-based databases and collaborative dashboards, to enhance
information processing.

4. Policy Implementation for Analytics Use: University administrators should establish policies
mandating the adoption of analytics tools for performance tracking, reporting, and decision-making
across administrative units.

5. Collaboration with Industry Experts: Academic—industry partnerships should be fostered to
provide mentorship and exposure for secretarial students and staff in emerging data-driven work
environments.
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Abstract

Computer and information and communication technology (ICT) are the major components of the digital age, while
the Internet is the fulcrum of the information superhighway. The science of computing has given birth to a new born
baby known as artificial intelligence (Al) in the 21st century. Al is the science of programming computer to
simulate human behaviour or characteristics. Generative artificial intelligence (Gen Al) refers to the use of Al
algorithms to create personalized learning experiences, simulate complex scientific phenomena, and facilitate
interactive learning environments. The integration of Generative Al in science and mathematics has the potential to
revolutionize the way students learn and interact with scientific and mathematical concepts. This article explores the
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applications of Generative Al in science and mathematics, including personalized learning, automated problem
generation, and adaptive assessments. This article discusses how Generative Al can be used to create customized
learning paths for students, provide real-time feedback, and enhance their understanding of mathematical differential
calculus concepts. Additionally, we examine the potential benefits and challenges of implementing Generative Al in
computational science and mathematics and provide examples of how it can be used to support student learning of
differential equations. Generative Al has the potential to transform science and mathematics by providing students
with personalized learning experiences that handles individual needs and abilities. With the application of
Generative Al in the teaching and learning process, educators can create customized learning paths that adapt to
each student's learning style, pace, and level of comprehension. This can help to improve student outcomes, increase
engagement, and reduce frustration that is associated with learning complex scientific and mathematical concepts.

Keyword: Internet, artificial intelligence-Al, generative Al, science, mathematics, computational science, ICT,
digital age.

Introduction

Teaching science and mathematics to learners (students) in a manner that students can grasp scientific and
mathematical concepts has long been a challenge for many students since the exception of conceptualization of
mathematics as a subject. With the advent of generative artificial intelligence (Gen Al), educators can now leverage
powerful tools that assist science and mathematics teachers in planning instruction to support student learning and
improve learners’ outcomes. Generative Al can be used to generate scientific and mathematical problems, provide
step-by-step solutions, and offer real-time feedback.

Generative artificial intelligence has become prevalent in discussions of educational technology, particularly in the
context of science and mathematics. Gen Al models can engage in human-like conversation and generate answers to
complex questions in real-time, with education reports accentuating their potential to make teachers’ work more
efficient and improve student learning (Walkington, 2025).

Generative artificial intelligence (Gen Al) has taken the world by storm since the release of ChatGPT by Open Al in
November of 2022. This release marked an important milestone in the development of conversational artificial
intelligence (Al) agents, driven by ChatGPT’s ability to engage in human-like conversation and answer complex
questions. Stakeholders immediately began imagining how these tools might be applied to education, and in
November of 2024, Open Al released an online course to support K-12 teachers using ChatGPT in the classroom
(Common Sense Education, 2024).

In mathematics education specifically, there has been much speculation of these models’ ability to successfully solve
mathematics problems (e.g., Garisto, 2022), given the history of computers' powerful and precise computational
abilities being used to make mathematical breakthroughs, and the negative connotations mathematics work often has
among K-12 US students. It has been over 2 years since ChatGPT’s release, and research is rapidly emerging on its
implications for mathematics education (Walkington, 2025).

The integration of generative artificial intelligence (Gen Al) in computational science and mathematics has the
potential to transform the way students learn and interact with scientific and mathematical concepts.

Computational Science
Computational science refers to the science domain where computer science, mathematics, and domain-specific
sciences like physics, chemistry, biology, economics, etc, convergence to analyse and solve complex problems
(Omoghenemuko, 2025).

Avrtificial Intelligence (Al) and Generative Artificial Intelligence (Gen Al)
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There is no classic distinction between artificial intelligence (Al) and generative artificial intelligence (Gen Al).
There fact is that Gen Al is a subset of Al. However, the definitions of the two terms will give a clearer
understanding to readers from all works of life.

Artificial intelligence (Al) refers tothe ability of machines to perform tasks that typically require human
intelligence that involves learning, problem-solving, decision-making, and perception. Omoghenemuko (2025)
defines artificial intelligence (Al) as the science and technology of programming computers to simulate or mimic
human intelligence through the use of computer systems that can perform tasks that typically require human
intelligence, such as: Learning; problem-solving; reasoning; perception; language understanding and translation, etc.

Generative artificial intelligence (Gen Al) is a type of artificial intelligence that creates new contents, such as
texts, images, videos, music, based on patterns it learns from existing data and algorithms. Generative Al refers to
the use of Al algorithms to create personalized learning experiences, simulate complex scientific phenomena, and
facilitate interactive learning environments. It works by using neural networks to analyse large datasets and then
generate original output in response to a prompt or input (Omoghenemuko, 2025).

Application of Generative Al in Mathematics

Some ways Gen Al can be applied in mathematics include:

1. Automated Problem Generation

Generative Al can be used to generate mathematical problems that cater to individual students' needs and abilities.
For example, the following equation can be generated using Generative Al:

§(3x2+2x-5):6x+2

Generative Al can generate similar equations with varying levels of difficulty, allowing students to practice and
reinforce their understanding of mathematical concepts.

2. Personalized Learning

Generative Al can create customized learning paths for students, adapting to their learning style, pace, and level of
understanding. By analyzing student data and performance, Generative Al can identify areas where students need
additional support and provide targeted interventions. Suppose a student has a generated-Al customized problem on
integration by substitution, as follow:

Evaluate J(2 x + 1) gl¥ +X)

The mathematical algorithm adapted by the generative Al might help a student solve the problem by:
1. Providing the student with a hint: Look for a substitution to simplify the integral.

2. Offering the student, a step: Letu=x2+ x, thendu = (2x + 1) dx.
3. Guiding the students to rewrite the original integral: Je" du
4. Ask the student for the answer: ™ **)+ C

The generative Al adapts to a given problem based on the input supplied, then it offers explanations or next steps as
required.

Generative Al supports personalized mathematics learning by promoting:
. Adaptive and customized content. Gen Al can create tailored practice problems and exercises based on a

student's specific learning pace and proficiency, ensuring they are challenged appropriately without being
overwhelmed.
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" Instant, step-by-step feedback. Gen Al tools can offer immediate feedback on problem-solving attempts and
provide detailed, step-by-step solutions to complex problems, helping students learn from mistakes in real-
time.

. Concept visualization. For abstract concepts, Gen Al can generate interactive graphs, 3D models, and other
visual aids to help students grasp difficult topics more effectively.

. Personalized interest-based problems. Gen Al can create mathematics word problems that are more relatable
to a student's background and interests, which helps to increase engagement and motivation.

. Intelligent tutoring. Some Al systems act as an intelligent tutor, offering a persistent learning companion that
provides guidance and explanations, especially for students who may not have consistent access to human
tutors.

3. Adaptive Assessment

Generative Al can be used to create adaptive assessments that adjust to each student's level of understanding. By
generating questions that are tailored to individual students' needs, educators can gain a more accurate understanding
of student knowledge and understanding.

Specialized Gen Al Tools for Mathematics
Many think that general-purpose large language models (LLMs) such as ChatGPT, Claude, can be used effectively

for mathematics instruction. But it is a fallacy of hasty generalisation. ChatGPT, Claude, have significant limitations
in mathematical calculation reliability and accuracy.

. Large language model (LLM), is a machine learning model- a type of artificial intelligence algorithm that
uses deep learning techniques and massively large data sets to understand, summarize, generate and predict new
content. The term generative Al also is closely connected with LLMs, which are, in fact, a type of generative Al
that has been specifically architected to help generate text-based content.

. Over millennia, humans developed spoken languages to communicate. Language is at the core of all forms
of human and technological communications; it provides the words, semantics and grammar needed to convey
ideas and concepts. In the Al world, a language model serves a similar purpose, providing a basis to
communicate and generate new concepts.

. The first Al language models trace their roots to the earliest days of Al. The Eliza language model debuted
in 1966 at MIT and is one of the earliest examples of an Al language model. All language models are first
trained on a set of data, then make use of various techniques to infer relationships before ultimately generating
new content based on the trained data. Language models are commonly used in natural language processing
(NLP) applications where a user inputs a query in natural language to generate a result that can comprehend and
generate human language.

Gen Al mathematics-support softwares are specialized mathematical tools that receive additional fine-tuning for
mathematical concepts, with the principle that ensures tools’ support (not circumvent) productive struggle.

Specialized Gen Al mathematical tools that can be optimally used for mathematical pedagogy include: Khanmigo,
Mathway, Photomath, Gauthmath, Snorkl, Mathos Al, Wolfram Alpha, Desmos, and Julius Al. These tools are better
suited for computational tasks than general-purpose LLMs.

Strategies for Using GenAl to Support Deeper Mathematics Learning

Student use cases, outlines three specific ways students can leverage specialized Al tools to enhance their learning

while maintaining productive cognitive engagement. These are:

1. Al tutoring: Uses specialized tools to help students think through problems, offering private support without
judgment.
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2. Error analysis and feedback: ldentifies specific areas where understanding breaks down, providing safe
spaces for students to ask questions.

3. Procedural skills practice: Creates personalized practice problems aligned with curriculum, allowing students
to customize content to their interests

Teacher use cases presents six strategic applications for educators to incorporate Gen Al into their instructional

practices while preserving the essential mathematical thinking processes, by;

. Creating lessons and materials: Gen Al helps develop lesson plans, instructional content, and targeted
interventions aligned to learning objectives.

=  Generating authentic practice problems: Gen Al creates contextual problems incorporating real-world
scenarios and student interests.

. Providing differentiation: Gen Al develops modified assignments with multiple entry points for diverse
learners.

] Breaking down tasks and concepts: Gen Al unpacks challenging content by identifying prerequisite skills
and common errors.

] Analyzing student data: Gen Al identifies trends and action items while protecting student privacy.

] Creating visual representations: Gen Al generates graphs, charts, and interactive tools to illustrate
mathematical concepts

It is imperative to note that, each use case includes detailed descriptions, instructional benefits, and caution points.

Algorithm

An algorithm is a set of finite logical step by step instructions that are designed to accomplish a specific task or to
solve a specific problem. Algorithms usually take one or more inputs, execute them systematically through a series
of logically well-defined steps, and provide one or more outputs. Algorithms are typically associated with computer
science and are an essential element of computer programming. Algorithms can be used to accomplish a variety of
computational tasks, such as performing calculations, they are also used to create relationships such as social media
link or finding information in databases, such as surfing for information on the internet data warehouse or repository.
An algorithm is a finite chronological solution steps to a well-defined problem (Omoghenemuko, 2019).

Algorithms may be designed and used outside computer science as well. They can be executed manually by humans
or executed automatically by various digital devices. for instance, one can decide to perform long division manually
on paper or use a calculator to do the same operation. Users do not need to understand the inner workings and
configuration of algorithms in order to use them. In fact, many algorithms used by organisations are closely guarded
secrets, blocking users from seeing exactly how they work and what happens within (Omoghenemuko, 2019).

There are different types of algorithms. They include: Search algorithm; sort algorithm; encryption algorithm;
greedy algorithm; recursive algorithm; backtracking algorithm; divide-and-conquer algorithm; brute force
algorithm; dynamic programming algorithm; hash algorithm; randomized algorithm; etc.

Differential Calculus and How Gen Al Can Use Algorithms to Solve Differential Calculus Problems
Differential calculus is a branch of mathematics that deals with rates of change and slopes of curves. Gen Al can be
used to solve differential calculus problems in in various fields, such as: (i) Physics- for modeling motion,
optimization of physical systems; (ii) Engineering- for design optimization, control systems; (iii) Economics- for
modeling economic systems, optimization of resources using various algorithms.

Some ways Gen Al can be applied in differential calculus include:
1.  Optimization: Gen Al can use optimization algorithms like gradient descent to find maxima or minima of
functions.
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Symbolic differentiation: Gen Al can use algorithms like symbolic manipulation to find derivatives of
functions.

Numerical differentiation: Gen Al can use numerical methods like finite differences to approximate
derivatives.

Generative Al Algorithms Used in Differential Calculus
Some Gen Al algorithms used in differential calculus include:

1.
2.

3.
4.

Gradient descent: This is an optimization algorithm that uses derivatives to minimize or maximize functions.
Automatic differentiation: This is a technique that computes derivatives of functions using computational
graphs.

Symbolic differentiation

Numerical differentiation

An algorithm for solving a first-order differential equation

1.

2.

12.

13.

Start
Write the differential equation in a standard form (e.g., dy/dx = f(x,y) or standard linear form)

Is order = 1?

If Yes then Step 4.

If No then Step 10.

Is it linear (dy/dx + P(X)y = Q(x))?

If Yes then Step 5.

If No then Step 6.

Use integrating factor: p(x)=exp(JP dx). Solve for y, then go to 18 (Stop)

Is it separable (dy/dx = g(x)h(y))?

If Yes then Step 7.

If No then Step 8.

Separate variables and integrate: [dy/h(y)=/g(x)dx. Solve for y, then Step 18

Is it exact or homogeneous (M(x,y)+N(x,y) y' = 0 and OM/dy = ON/0x)?

If Yes then Step 9.

If No then Step 11.

Find potential function ®(x,y): d® =M dx + N dy. Solve ®=C. Then Step 18

Is it linear with constant coefficients (n-th order)?

If Yes then Step 12.

If No then Step 13.

Can substitution (e.g., y=vx, Bernoulli, homogeneous) transform it?

If Yes then Step 6 or 4 (depending on transformed type) — show arrow back to
the appropriate decision.
If No then Step 14.
Solve homogeneous solution (characteristic polynomial). Find particular solution (method of coefficients or
variation of parameters). Combine:y =y c+y_p., then Step 18

Is Laplace transform appropriate (initial value problem, piece-wise)?
If Yes then Step 15.
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e If No then Step 14.
14.  Is numerical method needed (no closed form or initial-value)?
e IfYesthen Step 16.
e If No then Step 17.
15.  Apply Laplace transforms, solve algebraic equation for Y(s), inverse transform to get y(t).

then Step 18

16.  Choose numerical method (Euler, Runge—Kutta, etc.). Implement and compute approximate solution, then
Step 18

17.  Consider qualitative or special analytic methods (phase plane, series solution, perturbation), then Step 18

18.  Stop- the present general solution and apply initial/boundary conditions to get specific solution.

Figure 1
A group of flowcharting symbols and their functions

Start or Stop
Symbol
Input and Output

Symbol

Decision
Symbol

Process

Symbol

Figure 2
A flowchart showing the algorithmic structure for solving a first-order differential equation
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Generative Al Algorithm for Implementing Gradient Descent in Python Computer Programming Language
A Gen Al algorithm for implementing gradient descent in Python computer programming language, is:

Start

Initialize parameters (weights, biases)

Compute the loss function (error) for the current parameters

Compute the gradient of the loss function with respect to each parameter
Update the parameters by subtracting a fraction of the gradient (learning rate)
Repeat steps 2-4 until convergence and solution

Stop computation

No gk~ owpne

Figure 3
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Flowchart for implementing gradient decent
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This algorithm can be implemented using various programming languages and libraries, such as Python with
NumPy, TensorFlow, PyTorch, etc.

An example using PyTorch is as follows:
import numpy as np

# Define the loss function (mean squared error)
def loss (y_pred, y_true):
return np. mean ((y_pred - y_true) ** 2)

# Define the gradient descent update rule
def gradient_descent (weights, learning_rate, gradient):
return weights - learning_rate * gradient

# Example usage

weights = np. array ([1.0, 2.0])

learning_rate = 0.01

gradient = np. array ([0.5, 0.3])

new_weights = gradient_descent (weights, learning_rate, gradient)
print(new_weights)

This code Implements gradient descent, a fundamental optimisation algorithm in machine learning. Breaking it
down:

= Loss function: The code defines a mean squared error (MSE) loss function, commonly used for regression
problems.

= Gradient descent update rule: The gradient_descent function updates the model weights based on the gradient
of the loss function and the learning rate.

= Example usage: The code demonstrates how to use the gradient_descent function to update weights.
Some potential improvements include:

Add bias term- consider adding a bias term to the weights.
Use a more complex model- apply gradient to a more complex mode, like linear regression or neural networks.

Visualisation the optimization process- plot the loss function and weight updates to visualise the optimisation
process.

Generative Al Algorithm for Implementing Automatic Differentiation in Python Computer Programming
Language

1. Represent the function as a computational graph

2 Apply the chain rule to compute derivatives of each operation in the graph

3. Compute the derivative of the output with respect to each input using backpropagation
4 Return the computed derivatives

Library functions like TensorFlow or PyTorch provide automatic differentiation capabilities. An example using
PyTorch is as follows:

import torch
# Define a simple function
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def my_function(x):
return x ** 2

# Create a tensor with requires_grad=True
X = torch. tensor (2.0, requires_grad=True)

# Compute the output

output = my_function(x)

# Compute the gradient using backward ()
output. backward ()

# Print the gradient
print (x.grad)

Generative Al Algorithm for Implementing Symbolic Differentiation in Python Computer Programming
Language

1. Parse the mathematical expression into an abstract syntax tree (AST)

2. Apply differentiation rules to each node in the AST (e.g., power rule, product rule)

3. Simplify the resulting derivative expression

4, Return the derivative expression

Library functions like SymPy provide symbolic differentiation capabilities. An example using sympy is as follows:
import sympy as sp

# Define a symbolic variable
X = sp.symbols ('X’)

# Define a function
f=x**2

# Compute the derivative
f_prime = sp.diff (f, x)

print(f_prime)
Generative Al Algorithm for Implementing Numerical Differentiation in Python Computer Programming
Language

1. Choose a small value for the step size (h)

2 Evaluate the function at x and x+h

3. Compute the difference quotient (f(x+h) - f(x))/h
4 Return the approximate derivative value.

import numpy as np

# Define a function
def my_function(x):
return X ** 2
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# Define the numerical differentiation function
def numerical_derivative (f, X, h=1e-6):

return (F(x +h)—f (X)) /h

# Compute the derivative at x=2

x=2.0

derivative = numerical_derivative (my_function, x)
print (derivative)

Benefits of Application of Generative Al in Science and Mathematics
Some of the benefits of application of generative Al in science and mathematics include:

1.

2.

It promotes enhanced engagement: Generated Al can make science learning more interactive and
engaging, increasing student motivation and interest.

It promotes simulation-based learning: It is imperative to state that Al-powered simulations can
model complex scientific phenomena, allowing students to explore and interact with virtual
experiments in a safe and controlled environment.

It provides virtual laboratories: Al-powered virtual labs can provide students with hands-on
experience with scientific equipment and experiments, reducing costs and increasing accessibility

It improves students’ understanding: Al-powered simulations and personalized learning
experiences can help students develop a deeper understanding of complex scientific concepts.

It increases accessibility: Generated Al can provide equal access to high-quality science for
students with disabilities, remote or underserved communities.

It helps in efficient assessment: Al-powered assessment tools can help teachers evaluate students’
performance more efficiently and accurately.

Challenges of Application of Generative Al in Science and Mathematics
Some of the challenges to the application of generative Al in science and mathematics, are the following.

1.

Accuracy and reliability: The issue of ensuring the accuracy and reliability of generative Al
outputs and addressing issues of bias and fairness. Gen Al models can sometimes produce incorrect
or nonsensical results, and a significant challenge is the lack of true reasoning consistency. For
instance, if Gen Al used the wrong formular to solve a problem, it definitely returns a wrong
answer. Human oversight is critical for verifying the correctness of Al-generated proofs or
solutions.

Impact on learning: There are concerns about how relying on Al might affect students' mental
calculation skills. The goal is to use Al to support “productive struggle,” a healthy challenge in
learning, rather than making the learning experience too easy or counterproductive.

Implementation and assessment: Educators will definitely face challenges in integrating Al
effectively into the curriculum and updating assessment methods to account for its use. Teachers
need training on how to use these tools to optimize learning experiences.

Issue of Bias and Fairness: Al-powered systems can perpetuate existing biases if not designed
with fairness and equity in mind.

Data quality: The effectiveness of generative Al in science and mathematics depends on the quality
of the data used to train the Al models.
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6.  Ethical concerns: Potential issues include the risk of Al being used to create fraudulent proofs,
which could undermine trust in scientific and mathematical research, and the need for responsible
deployment to ensure fairness and privacy.

Conclusion

Generative Al in science and mathematics has the potential to transform the way students learn and
interact with scientific and mathematical concepts. By leveraging Generative Al, educators can create
personalized learning experiences, automate problem generation, and provide adaptive assessments. As
the use of Generative Al in science and mathematics continues to evolve, it is essential to address the
challenges and ensure that these tools are used effectively to support science and mathematics students’
learning.
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