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(Al)—specifically ~ Grok—in  evaluating  first-year  undergraduate
mathematics students’” mastery of the limit concept. Conducted as an applied
mixed-methods investigation, the research involved 37 students from the
Mathematics Education Department at Farhangian University of Isfahan.
Data were collected via a researcher-designed questionnaire comprising
seven items on limits; responses were digitized and submitted to the Al for
analysis. Evaluation adhered to the CIPP framework, with emphasis on the
process dimension, encompassing answer cortrection, scoring, ranking, error
classification (conceptual, procedural, computational), and individualized
feedback for students and the instructor. Quantitative results revealed no
statistically significant difference between Al-generated and researcher-
assigned scores. Qualitative content analysis identified key strengths—rapid
processing, scoring precision, analytical feedback, and resource
recommendations—alongside notable weaknesses, including deficiencies in
graphical interpretation, overemphasis on final answers at the expense of
procedural reasoning, and dependency on grammatically precise input for
accurate recognition of mathematical notation. Findings underscore Al’s
viability as a supplementary assessment tool in mathematics education,
contingent upon enhancements in visual processing and process-oriented
evaluation.
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Introduction

Bridoux and Grenier-Boley (2025) believe that evaluation plays an important and
vital role in learning mathematical concepts, and learning the concept of limit is
no exception to this rule. According to Li et al. (2024), in the 21st century, the
landscape of the process and method of teaching mathematical concepts has
undergone a profound transformation, which is mainly driven by the pervasive
influence of digital technology. Evaluation, as one of the most important pillars
of the educational process in general and in learning mathematical concepts in
particular, has been different in each period according to the facilities, equipment
and knowledge of that period and has benefited from current science
(Mohamudally-Boolaky and Padachi, 2024). The basic needs of transforming an
evaluation into an efficient, high-quality and effective judgment depend on the
use of advanced teaching methods and educational tools (Frieder et al., 2023).
Today, artificial intelligence, as the most modern educational tool, has
transformed learning. This transformation has not only provided mathematics
teachers with dynamic, graphical, and interactive tools for classroom teaching,
but also the integration of technology into formative assessment increases its
effectiveness by facilitating real-time feedback and promoting personalized
learning (Awang, Yusop, and Danaee, 2025). Therefore, this paper has pursued
three main objectives. First, it has examined the possibility of rationally
evaluating students’ learning of the important and fundamental concept of limit
in the context of artificial intelligence. Then, it has explored how artificial
intelligence can provide feedback to students and introduce resources to them
to overcome learning difficulties in this concept. It has also considered the final
feedback to the instructor, which, based on the results of the students’
evaluation, should the instructor make any necessary corrections and actions in
his/her teaching process.

Literature Review

Assessment in mathematics education is a key tool for measuring student
mastery, identifying weaknesses, and improving learning (Kistler, 2023). This
process enhances motivation, self-regulation, and conceptual understanding, and
improves academic performance with continuous feedback (Morris et al., 2021;
Khomijani-Farahani et al., 1403). Tyler (1942) defines it as the achievement of
educational goals, Staffelbeam (2011) as the provision of information for
decision-making, and Scriven (Kus, 2025) as the ongoing judgment of the quality
of learning. Assessment is essential in all teaching phases and disciplines,
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especially mathematics (Zinn, 2025). Calculus is a fundamental undergraduate
course in basic sciences and engineering (Gonzalez-Martin, 2021). The concept
of limit is a prerequisite for derivatives, integrals, continuity, and advanced
courses (such as real analysis) and is used in physics and chemistry (Kidron &
Zehavi, 2002). Despite its importance, its teaching is often superficial, rushed,
and lacking focus on the ¢-8 relationship (Bokhari & Yushau, 2006). Common
misunderstandings resulting from a lack of deep understanding hinder learning
in subsequent lessons (Liang, 2016). Careful evaluation of responses reveals the
root of these problems and provides corrective solutions (Baptiste, 2024; Unver
& Giizel, 2019).

Methodology

The present study is an applied study with a mixed approach (quantitative-
qualitative) that focuses on investigating the effectiveness of Grok artificial
intelligence in evaluating learning of the concept of limit in first-year students of
mathematics education. The statistical population included students of this field
at Farhangian University of Isfahan and the research sample was 37 people (21
women, 16 men). The data collection tool was a researcher-made questionnaire
with 7 conceptual-practical questions about limit (with validity and reliability
confirmed by 4 experts). The answer sheets were scanned, converted to PDF,
and submitted to Grok. The artificial intelligence was tasked with correcting,
scoring (out of 20), ranking, identifying conceptual/process/computational
errors, providing individual and collective feedback, and suggesting corrective
resources for students and instructors. The theoretical framework of the study
was designed based on the CIPP model (Stufflebeam, 2000, 2004) and focusing
on the process stage. This stage includes monitoring program implementation,
documenting activities, comparing actual performance with planned, and
providing corrective feedback. Since the goal was to evaluate the evaluation
process itself by Al, this stage was selected (Adib Hajbagheri, 2002). The
activities of the evaluation process are depicted in Figure 1 and its indicators are
defined in Table 2 (including development, execution, display, feedback).
Among the educational chatbots (ChatGPT, DeepSeek, Gemini, etc.), Grok was
selected due to its superiority in accepting custom commands, analyzing
processes (Souza & Weigang, 2025), and integration with the X platform. Data
analysis was performed at two levels. In quantitative analysis, Grok scores were
compared with researcher scores through a univariate T-test, and qualitative
analysis was conducted using thematic analysis (Pinede, 2023) and coding, Grok
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responses were examined. The extracted themes were confirmed by 3 experts
and used for coding. Also, 5 randomly selected response sheets were corrected
by experts and compared with Grok output to assess the accuracy of feedback,
sources, and recommendations.

Results

Grok Al provided acceptable output in correcting scanned answer sheets of 37
students on the concept of limit. With precise grammar, it provided descriptive
answers, scoring (out of 20), ranking and classifying performance (excellent,
good, average, poor) with high accuracy and extraordinary speed (less than a
minute). The difference in scores with the researcher was not significant. The
quantitative (mean, standard deviation) and qualitative (conceptual, procedural,
computational errors) feedback was accurate and individual, and a
comprehensive matrix table was created to compare errors. Its advantages
include speed and accuracy in collective and individual analysis, identification of
challenging questions, providing analytical feedback to the instructor
(conceptual challenges, weakness in interpreting graphs and mathematical
symbols), suggesting resources (workshops, worksheets, books, websites),
providing teaching strategies and motivational and personal feedback to
students. Also, its limitations such as excessive focus on the final answer (even
with an incomplete process, it gave a full score) contrary to the importance of
the process in mathematics education (Cuong et al., 2025), inability to draw and
analyze graphs, sensitivity to writing mathematical symbols (brackets, absolute
values, parentheses) requiring additional explanation in the instruction, based on
the CIPP model (process stage) and its themes (development, implementation,
display, feedback) can be mentioned. Overall, Grok is an effective
complementary tool in mathematical assessment, but for independence it needs
improvement in visual analysis, reasoning process assessment and automatic
recognition of mathematical symbols. Combination with human supervision is
recommended.

Conclusion

The findings also showed that Grok focuses less on the process-oriented
evaluation of answers than on the final answer, while for mathematics teachers,
the problem-solving process is more important. This is not just mentioned as a
bug, but as a systematic challenge in current Al models of understanding and
producing visual mathematical content for analysis. This can be considered as a
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weakness in the current design of Grok. However, the speed and accuracy of
ranking, the provision of statistical tables and in-depth analyses make this tool a
valuable option for wider evaluations. For future research, it is suggested that
Grok's capabilities in drawing graphs and visual analysis be strengthened and the
ability to more accurately recognize mathematical symbols in input commands
be improved. Also, using this tool in larger statistical communities and more
diverse mathematical topics can help to better understand its capabilities and
limitations. Finally, this study showed that artificial intelligence can be a
complementary tool alongside teachers to improve the evaluation process and
provide feedback and help improve the quality of mathematics education.
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