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Abstract: In the contemporary landscape of education, the nexus of mathematics instruction and artificial intelligence (Al) offers a
dynamic sphere of exploration. As technology increasingly influences education and society, it's crucial to scrutinize the role of
assessment in mathematics education within the context of Al. This systematic review aims to explore assessment practices, revealing
the diverse threats and opportunities arising from the intersection. This study utilized a systematic literature review method to
synthesize existing literature concerning the threats and opportunities inherent in the assessment of mathematics education within
the domain of Artificial Intelligence (Al). Results showed three (3) emerging threats, such as (1) Algorithmic Injustices and Equitable
Results; (2) Standardization and Overemphasis on Procedural Knowledge; and (3) Data Security and Privacy Issues in Assessment.
Another three (3) themes for emerging opportunities; namely: (1) Customized Learning and Flexible Assessments; (2) Real-Time
Feedback and Formative Assessment Practices; and (3 Data-Driven Decision-Making and Educational Insights. It is recommended
that mathematics educators and other concerned stakeholders may prioritize efforts to mitigate algorithmic biases, promote fairness,
safeguard student privacy, and develop guidelines for responsible Al use in assessment. Investing in educator training is crucial to
leverage Al effectively and ethically, fostering a culture of collaboration and innovation to enhance assessment practices and ensure
equitable access to high-quality mathematics education.
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1. INTRODUCTION

In the contemporary landscape of education, the nexus of
mathematics instruction and artificial intelligence (Al)
presents a dynamic and evolving sphere of exploration. As
technological advancements continue to permeate various
facets of society, including education, it becomes imperative
to critically examine the role of assessment within the realm of
mathematics education in the context of Al (Gonzélez-
Calatayud, Prendes-Espinosa, & Roig-Vila, 2021). This
systematic review endeavors to delve into the multifaceted
dimensions of assessment practices, uncovering the inherent
threats and opportunities that emerge at this intersection.

Mathematics education stands as a cornerstone in the
development of critical thinking, problem-solving skills, and
numeracy abilities among learners. Within this domain,
assessment serves as a pivotal mechanism for gauging
students' comprehension, tracking progress, and informing
instructional strategies (Szabo et al., 2020). The advent of Al
technologies introduces a paradigm shift in how assessment is
conceptualized, executed, and interpreted within the
mathematics education landscape. From adaptive learning
platforms to data-driven analytics, Al augments traditional
assessment practices, promising enhanced personalization and
efficiency (Qiu, Pan, & Ishak, 2022).

Amidst the promises and potentials of Al-driven
assessment in mathematics education lie significant questions
and considerations regarding its impact, validity, and equity.

Understanding the threats posed by Al-driven assessment
encompasses concerns such as algorithmic biases,
standardized testing pressures, and the erosion of humanistic
pedagogies (Jacobson et al., 2022). Conversely, exploring the
opportunities engendered by Al invites reflections on
personalized learning pathways, real-time feedback
mechanisms, and the democratization of educational access
(Tapalova, Zhiyenbayeva, & Gura, 2022).

As the educational landscape continues to evolve in response
to technological advancements, a critical dialogue on the
implications of Al-driven assessment in mathematics
education becomes imperative (Hwang, 2022). By elucidating
the threats and opportunities inherent in this intersection,
educators can navigate the complexities of integrating Al
technologies responsibly and ethically within the realm of
mathematics education (Saltz et al., 2019). Ultimately, this
systematic review aspires to contribute to the ongoing
discourse surrounding assessment practices, technological
innovation, and pedagogical efficacy in the digital age.

This systematic review seeks to illuminate the complex
interplay  between assessment practices, mathematics
education, and Al technologies. By synthesizing existing
literature, empirical studies, and theoretical frameworks, this
inquiry aims to offer insights into the transformative potentials
and ethical dilemmas inherent in Al-driven assessment.
Through a comprehensive examination of the literature, this
study endeavors to inform educators, policymakers, and
stakeholders about the nuanced considerations surrounding the
integration of Al in mathematics assessment practices.
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2. METHODS

Conducting a systematic review aimed to provide a
comprehensive understanding of the threats and opportunities
inherent in the assessment of mathematics education within the
domain of Artificial Intelligence (Al). A meticulous search
strategy encompassed electronic databases like Google
Scholar and ResearchGate, alongside relevant journals and
books, utilizing specific search terms such as "Assessment in
Mathematics Education using Al", "Threats in the Assessment
in Mathematics Education using AI", and “Opportunities in the
Assessment in Mathematics Education using AI”. Inclusion
criteria focused on peer-reviewed articles published in English
within the last decade, emphasizing insights into the threats
and opportunities surrounding assessment in mathematics
education in diverse educational settings and grade levels.

The initial search phase produced a substantial volume of
articles, subsequently refined through screening based on titles
and abstracts to assess relevance. Thirty-eight articles emerged
for in-depth review, aiming to extract insights into the threats
and opportunities posed by assessment in mathematics
education within the realm of Artificial Intelligence. Through
this comprehensive review, recurring themes and patterns
were identified, offering a comprehensive overview of the
landscape surrounding assessment in mathematics education
within the Al domain. By synthesizing diverse literature, this
systematic approach facilitated a holistic understanding of the
complex dynamics at play, providing valuable insights into the
nuances of assessment practices within Al-driven mathematics
instructional contexts.

3. RESULTS AND DISCUSSION

Assessment in Mathematics Education in the Sphere of
Artificial Intelligence: Its Threats

Algorithmic Injustices and Equitable Results

One of the primary threats in the assessment of mathematics
education within the sphere of Artificial Intelligence is the
presence of algorithmic bias and fairness issues (Zhou et al.,
2022). Al algorithms utilized in assessment tools may
inadvertently perpetuate biases present in the data they are
trained on, leading to unfair treatment of certain student
demographics (Baker & Hawn, 2021; Pang-an et al., 2022).
For instance, if the training data primarily consists of examples
from one demographic group, the assessment tool may
inaccurately evaluate students from other groups, exacerbating
existing disparities in educational outcomes (Goos &
Salomons, 2017). Addressing algorithmic bias and ensuring
fairness in Al-driven assessments is crucial to upholding
principles of equity and justice in mathematics education
(Bellamy et al., 2019; Aranzo et al., 2023).

Standardization and Overemphasis on Procedural Knowledge

Another significant threat lies in the potential for
standardization and the overemphasis on procedural
knowledge in Al-driven assessment tools (Ma et al., 2022).
Many Al-based systems prioritize the assessment of

procedural skills and computational fluency, neglecting the
importance of conceptual understanding and problem-solving
abilities in mathematics education (Rasila, Malinen, & Tiitu,
2015). This narrow focus may result in assessments that fail
to capture the full spectrum of students’ mathematical
capabilities, leading to a limited and distorted view of their
mathematical proficiency (Libertus, Feigenson, & Halberda,
2011). Over-reliance on standardized assessments may also
stifle creativity and innovation in teaching and learning
approaches, hindering the development of critical thinking
skills essential for success in mathematics and beyond
(Benedek et al., 2016).

Data Security and Privacy Issues in Assessment

Additionally, the use of Al in mathematics education
assessment raises significant concerns regarding privacy and
data security (Wang, 2020). Al-driven assessment tools often
collect large amounts of sensitive student data, including
performance metrics, learning behaviors, and personal
information (Fang & Tse, 2023). The storage and analysis of
such data pose risks of unauthorized access, misuse, and
breaches of confidentiality, compromising student privacy and
undermining trust in educational institutions (Vaidya, Zhu, &
Clifton, 2016). Furthermore, the opaque nature of Al
algorithms and the lack of transparency in how student data is
processed and utilized raise ethical dilemmas about informed
consent and accountability (Guan, Dong, & Zhao, 2022).
Robust safeguards and regulations are necessary to ensure that
student data is handled ethically and responsibly in Al-driven
assessment practices, prioritizing the protection of individual
privacy rights while leveraging the potential benefits of Al
technologies in mathematics education (Klimova, Pikhart, &
Kacetl, 2023; Romorosa et al., 2023).

Assessment in Mathematics Education in the Sphere of
Avrtificial Intelligence: Its Opportunities

Customized Learning and Flexible Assessments

One of the key opportunities in the assessment of mathematics
education within the sphere of Artificial Intelligence is the
potential for customized learning and flexible assessments. Al-
driven assessment tools can adapt to individual student needs,
providing tailored feedback and learning experiences based on
student's strengths, weaknesses, and learning styles
(Grivokostopoulou, Perikos, & Hatzilygeroudis, 2017;
Luzano, 2020). By analyzing vast amounts of data and
employing machine learning algorithms, Al can identify
patterns in students' performance and offer targeted
interventions to address specific areas of difficulty (Musso,
Hernandez & Cascallar, 2020; Casanova et al., 2023). This
customized approach not only enhances students' engagement
and motivation but also fosters deeper conceptual
understanding and mastery of mathematical concepts,
ultimately leading to more effective learning outcomes (Watt,
Carmichael, & Callingham, 2017).

Real-Time Feedback and Formative Assessment Practices
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Another significant opportunity lies in the integration of real-
time feedback and formative assessment practices facilitated
by Al technologies (Porter & Grippa, 2020). Al-driven
assessment tools enable immediate feedback on students'
responses, allowing for timely interventions and adjustments
in instruction (Kleij, Feskens, & Eggen, 2013; Luzano, 2023).
Through continuous monitoring and analysis of student
progress, educators can gain valuable insights into students'
learning trajectories and tailor instruction to meet their
evolving needs (Ysseldyke & Bolt 2007; Luzano & Ubalde,
2023). Real-time feedback fosters a dynamic learning
environment where students are actively engaged in the
learning process, encouraged to reflect on their understanding,
and empowered to take ownership of their learning journey
(Wisniewski, Zierer, & Hattie, 2020). By promoting a culture
of formative assessment, Al technologies enhance
metacognitive skills, self-regulation, and lifelong learning
habits among students (Shin, et al., 2021).

Data-Driven Decision-Making and Educational Insights

Additionally, Al-driven assessment in mathematics education
presents opportunities for data-driven decision-making and
educational insights (Deo et al., 2020). By leveraging big data
analytics and predictive modeling techniques, educators can
gain deeper insights into students' learning behaviors,
performance trends, and instructional effectiveness
(Cantabella et al., 2019). Al algorithms can identify patterns,
correlations, and trends in student data that may not be
apparent through traditional assessment methods alone
(Blikstein et al., 2014). This data-driven approach enables
educators to make informed decisions about curriculum
design, instructional strategies, and resource allocation,
optimizing learning experiences for all students (Zeide, 2017).
Moreover, Al technologies facilitate the generation of
actionable insights that support evidence-based practices,
foster collaboration among educators, and drive continuous
improvement in mathematics education at both the individual
and systemic levels.

4. CONCLUSION AND RECOMMENDATION

The assessment of mathematics education within the sphere of
Acrtificial Intelligence (Al) presents both significant threats and
promising opportunities. Algorithmic biases and fairness
issues pose a primary threat, potentially exacerbating
disparities in educational outcomes by unfairly evaluating
certain student demographics. Moreover, the overemphasis on
procedural knowledge in Al-driven assessments neglects
critical aspects of conceptual understanding and problem-
solving abilities, hindering the development of comprehensive
mathematical proficiency. Additionally, concerns regarding
data security and privacy underscore the need for robust
safeguards and regulations to protect sensitive student
information and uphold ethical standards in Al-driven
assessment practices.

On the other hand, the integration of Al technologies offers
compelling opportunities to revolutionize mathematics

education assessment. Customized learning and flexible
assessments enable personalized feedback and adaptive
interventions tailored to individual student needs, fostering
deeper conceptual understanding and mastery of mathematical
concepts. Real-time feedback mechanisms and formative
assessment practices empower students to actively engage in
their learning journey, promoting metacognitive skills and
self-regulation. Furthermore, data-driven decision-making
facilitated by Al analytics provides educators with valuable
insights into student learning behaviors and instructional
effectiveness, driving continuous improvement and innovation
in mathematics education. Embracing these opportunities
while addressing the associated challenges is essential for
harnessing the full potential of Al in advancing mathematics
education and promoting equitable learning outcomes for all
students.

Given the dual nature of threats and opportunities in Al-driven
assessment in mathematics education, stakeholders must
prioritize efforts to mitigate algorithmic biases, promote
fairness and equity, and safeguard student privacy and data
security. Educators and policymakers should collaborate to
develop comprehensive guidelines and ethical frameworks to
guide the responsible use of Al technologies in assessment
practices.  Furthermore, investment in  professional
development programs and training initiatives is essential to
equip educators with the knowledge and skills needed to
leverage Al tools effectively and ethically in mathematics
education. By fostering a culture of collaboration, innovation,
and ethical stewardship, stakeholders can harness the
transformative potential of Al to enhance assessment practices
and promote equitable access to high-quality mathematics
education for all students.
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