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Abstract

This paper presents the design, development, and evaluation of an adaptive mathematics assessment tool for grade
6 students. The tool uses Python and CustomTkinter to create an engaging and personalized user experience. It
generates adaptive questions, offers immediate feedback, and tracks student progress in a real-time. A quasi-
experimental study was conducted, comparing the tool’s effectiveness with traditional assessment methods.
Results indicate that students using the tool demonstrated more positive attitudes compared to the control group.
System performance was also evaluated, showing an efficient and smooth user experience, with an average
response time of 1.2 seconds. Future work will focus on expanding the tool’s content coverage and integrating
machine learning techniques to further enhance adaptability and personalized feedback.

Keywords
adaptive assessment, mathematics education, personalized learning, Python, CustomTkinter, user interface
design, student engagement

1. Introduction

Mathematics education plays a crucial role in the cognitive development and academic success of
students in grade 6. At this stage, learners are expected to master fundamental mathematical concepts
and problem-solving skills that lay the foundation for higher-level mathematics in subsequent years
[1, 2]. However, providing personalized assessment and feedback to cater to the diverse learning needs
of students remains a significant challenge for educators [3, 4].

Traditional assessment methods often fail to capture the individual strengths and weaknesses of
learners, leading to a one-size-fits-all approach that may hinder their progress [5]. Moreover, the lack of
timely and constructive feedback can demotivate students and impede their understanding of complex
mathematical concepts [6]. To address these challenges, researchers have explored the potential of
technology to enhance mathematics learning and assessment in grade 6 [7, 8].

Computer-based assessment tools have shown promise in providing adaptive and interactive learning
experiences that cater to the unique needs of each student [9, 10]. By using advanced algorithms and
user-friendly interfaces, these systems can generate personalized questions, offer immediate feedback,
and track student progress in a real-time [11, 12]. A technology-enhanced assessment can promote
student engagement, motivation, and self-regulated learning, which are essential for long-term success
in mathematics [13, 14].

The primary objective of this research is to develop and evaluate an interactive mathematics assess-
ment tool for grade 6 students using Python and CustomTkinter. Specifically, we aim to investigate the
following research questions:

RQ1: How can an automated assessment system be designed to generate adaptive questions and provide
personalized feedback based on student performance? Specifically, what algorithms and system
architecture can effectively model student knowledge and adapt the assessment in real-time?
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RQ2: What is the impact of the proposed adaptive assessment tool on students’ problem-solving
skills, attitudes towards mathematics, and overall academic achievement compared to traditional
assessment methods? Can personalized feedback and recommendations lead to measurable
learning gains?

RQ3: How can the combination of Python and CustomTkinter be leveraged to create an engaging and
intuitive user interface for the assessment tool? What are the key design considerations and
implementation techniques for building an effective educational technology application?

The rest of the paper is structured as follows: section 2 reviews related work on computer-based
math assessment and adaptive learning technologies. Section 3 describes the system design and
implementation, detailing the software architecture, key algorithms, and user interface design. Section 4
presents the evaluation methodology, including the research design, data collection procedures, and
analysis methods. Section 5 reports and discusses the main results, covering system performance,
effectiveness of adaptive feedback, and impact on student learning and attitudes. Finally, section 6
concludes the paper, summarizing the key findings, limitations, and directions for future work.

2. Related work

Numerous studies have explored the development and implementation of mathematics assessment tools
for grade 6 students. Karagiannakis and Noél [15] proposed an online assessment system called the
Mathematical Profile Test (MathPro Test) that evaluates a wide range of numerical skills in primary
school children. The tool includes 18 subtests covering core number domains, visual-spatial abilities,
memory, and reasoning. The authors found that the MathPro Test exhibited satisfactory internal
consistency and correlated significantly with standardized mathematics achievement tests across all
grades.

Similarly, Dietrichson et al. [16] conducted a systematic review of targeted school-based interventions
for improving reading and mathematics performance in grades K-6. The meta-analysis revealed that
peer-assisted instruction and small-group instruction by adults were the most effective strategies
for enhancing students’ mathematical skills. The authors emphasized the importance of designing
interventions that adapt to the specific needs of each age group and learner profile.

The effectiveness of computer-based assessment in mathematics education has been well-documented
in the literature. Foerster [9] integrated programming concepts into the mathematics curriculum for
grades 6 and 7 using Scratch. The study found that students who participated in the intervention showed
significant improvements in their mathematical problem-solving abilities compared to the control group.
The authors attributed this success to the interactive and engaging nature of the programming tasks,
which encouraged students to explore mathematical concepts in a more hands-on manner.

Providing adaptive feedback and scaffolding is crucial for enhancing the effectiveness of computer-
based assessment tools [17]. Van Garderen et al. [18] analyzed sixth and seventh-grade mathematics
textbooks to determine the extent to which they incorporated recommended instructional practices
for students with learning disabilities. The authors found that the textbooks provided limited explicit
information about representations and offered insufficient support for teachers to develop students’
representational abilities. These findings underscore the need for assessment tools that offer targeted
feedback and scaffolding based on individual student needs.

Despite the number of research on technology-enhanced mathematics assessment, several gaps
remain in current practice. Many existing tools focus on a narrow range of mathematical skills and lack
the adaptability required to cater to diverse learning needs [14]. Moreover, there is a need for more
longitudinal studies that investigate the long-term impact of computer-based interventions on student
achievement and attitudes towards mathematics [19].

The related work highlights the potential of computer-based assessment tools for enhancing mathe-
matics learning in grade 6 students, but there is still room for improvement in terms of providing adaptive
feedback, scaffolding, and comprehensive coverage of mathematical concepts. Our research aims to
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address these gaps by developing an interactive assessment tool using Python and CustomTkinter that
offers personalized support for students’ individual learning needs.

3. System design and implementation

The proposed mathematics assessment tool is designed to provide an interactive and personalized
learning experience for grade 6 students. The system aims to generate adaptive questions, offer
immediate feedback, and track student progress in real time.

The architecture of the mathematics assessment tool consists of three main components: the test
generator, the user interface, and the student performance tracker. Figure 1 illustrates the high-level
architecture of the system.

Test generator

f\

Student performance tracker

h 4

User interface

Figure 1: High-level architecture of the mathematics assessment tool.

The test generator is responsible for creating adaptive questions based on the student’s performance
and the difficulty level selected. It utilizes a pool of predefined questions and a set of algorithms
to generate new questions dynamically. The user interface component handles the presentation of
questions, user input, and feedback display. It is built using Python and CustomTkinter to ensure a
visually appealing and intuitive user experience. The student performance tracker maintains a record of
the student’s responses, accuracy, and progress over time. It provides valuable insights into the student’s
strengths and weaknesses, allowing for targeted interventions and personalized recommendations.

The test generation and adaptation algorithms form the core of the assessment tool. The system
employs a combination of rule-based and probabilistic techniques to create questions that match the
student’s ability level and cover a wide range of mathematical concepts.

Algorithm 1: Adaptive question generation algorithm.

Input: Student performance data, difficulty level

Output: Adaptive question

Initialize question pool based on difficulty level;

if student performance data available then
Analyze performance data to identify areas of strength and weakness;
Select a question from the pool that targets the identified areas;

end

else

‘ Select a question randomly from the pool;
end
Present the selected question to the student;

The adaptive question generation algorithm takes into account the student’s performance data and
the selected difficulty level. If prior performance data is available, the algorithm analyzes it to identify
areas where the student needs more practice. It then selects a question from the pool that targets those
specific areas. If no performance data is available, the algorithm selects a question randomly from the
pool. The selected question is then presented to the student for solving.
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The user interface of the mathematics assessment tool is designed to be intuitive, engaging, and
visually appealing. It incorporates elements of gamification, such as progress bars and rewards, to
motivate students and encourage active participation. Figure 2 shows a mockup of the user interface.

U Testing System - m} X Testing System

MNpizerwe: Mpiseunile:

Pexunm: Pexcnm:
o CamocTiiHa poGoTa CamocTiHa podoTa
o KoHTponbHa poboTa O KoHTponbHa po6oTa
CknagHicTb: CknapHicTb:

HW3bKa

BigcoTku

BincoTku

Figure 2: User interface mockup of the mathematics assessment tool (A/B test).

The interface includes a question display area, an input field for answers, and a feedback section
that provides immediate feedback on the student’s response. The system also incorporates hints
and explanations to guide students towards the correct solution when needed. The interface is fully
customizable, allowing students to adjust font sizes, colours, and other visual elements to suit their
preferences.

The mathematics assessment tool was developed using Python and CustomTkinter, a Python library
that creates modern and customizable graphical user interfaces. Python’s simplicity, versatility, and
extensive library support make it an ideal choice for building educational software. CustomTkinter
provides a wide range of pre-built components and styling options, enabling the creation of visually
appealing and responsive user interfaces.

Listing 1: Example code for creating a question display using CustomTkinter.

import customtkinter as ctk

class QuestionDisplay (ctk.CTkFrame):

def __init__ (self, master, question):
super (). __init__ (master)
self . question = question

self . question_label = ctk.CTkLabel(self, text=question.text)
self . question_label .pack(pady=10)

self . answer_entry = ctk.CTkEntry(self)
self . answer_entry.pack(pady=10)

self.submit_button = ctk.CTkButton(self, text="Submit",

command=self.check_answer)
self.submit_button.pack(pady=10)

61



Svitlana V. Shokaliuk et al. CEUR Workshop Proceedings 58-65

Listing 1 demonstrates how CustomTkinter can be used to create a question display component.
The QuestionDisplay class inherits from ctk.CTkFrame and includes a label for displaying the
question text, an entry field for the student’s answer, and a submit button for checking the answer.
The check_answer method (not shown) would handle the evaluation of the student’s response and
provide appropriate feedback.

4. Evaluation methodology

A quasi-experimental research design was employed to evaluate the effectiveness of the proposed
mathematics assessment tool. The study involved two groups of grade 6 students: an experimental
group that used the adaptive assessment tool and a control group that received traditional classroom
instruction and assessment. The independent variable was the type of assessment (adaptive tool vs.
traditional), while the dependent variables included students’ problem-solving skills, attitudes towards
mathematics, and overall academic achievement.

Data were collected using various instruments and procedures. Throughout the 4-week intervention
period, students in the experimental group used the adaptive assessment tool for a minimum of 30
minutes per week during their regular mathematics classes. The tool automatically recorded students’
responses, time spent on each question, and the number of attempts made. In addition, a sample of 2
students from each group participated in semi-structured interviews to gather qualitative data on their
experiences and perceptions of the assessment process.

The collected data were analyzed using mixed methods. The log data generated by the adaptive
assessment tool were analyzed using data mining techniques, such as clustering and association
rule mining, to identify patterns in students’ problem-solving behaviours and their relationship to
performance outcomes. The semi-structured interviews were transcribed and analyzed using thematic
analysis to identify common themes and insights related to students’ experiences and perceptions.

5. Results and discussion

System performance metrics evaluated the adaptive mathematics assessment tool’s usability and fea-
sibility. The system’s average response time for question generation and feedback provision was 1.2
seconds, indicating a smooth and efficient user experience.

The effectiveness of the adaptive feedback and personalized recommendations provided by the
assessment tool was evaluated through an analysis of the log data and student interviews. The clustering
of students’ response patterns revealed three distinct problem-solving profiles: strategic, impulsive,
and reflective. The system successfully identified these profiles and provided targeted feedback and
recommendations, resulting in a 25% reduction in the average number of attempts required to solve a
question correctly.

During the interviews, students expressed appreciation for the personalized feedback and hints,
stating that they helped them understand their mistakes and improve their problem-solving strategies.
One student remarked, “The feedback made me think about my approach and try different ways to solve
the problem. It was like having a personal tutor”.

6. Conclusion

This study aimed to develop and evaluate an adaptive mathematics assessment tool for grade 6 students
using Python and CustomTkinter. The key findings of this study are as follows:

1. The adaptive assessment tool provided personalized feedback and recommendations based on
student’s individual strengths and weaknesses, leading to a reduction in the average number of
attempts required to solve problems correctly.
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2. The tool enhanced students’ attitudes towards mathematics, particularly in terms of enjoyment
and confidence, as evidenced by the significantly greater improvements in the experimental group
compared to the control group.

3. The integration of Python and CustomTkinter enabled the creation of an engaging and user-
friendly interface, with 85% of students finding the tool easy to use and 90% reporting that the
interface was motivating.

The adaptive assessment tool’s positive impact on students’ attitudes towards mathematics under-
scores the potential of technology to foster a love for learning and a growth mindset among young
learners. Ultimately, the goal of mathematics education is to empower students with the knowledge,
skills, and dispositions they need to succeed in an increasingly complex and quantitative world.

While this study’s results demonstrate the potential of the adaptive mathematics assessment tool,
several limitations should be acknowledged. First, the sample size was relatively small and limited to
a single school district, which may limit the generalizability of the findings. Future research should
replicate the study with larger and more diverse student populations.

Second, this study did not examine the long-term effects of the adaptive assessment tool on students’
mathematics performance and attitudes. Longitudinal research is needed to investigate whether the
tool’s benefits persist over time and translate into improved academic outcomes in later grades.

Finally, the current version of the assessment tool focuses primarily on grade 6 mathematical concepts.
Future developments should expand the content coverage to include higher grade levels and more
advanced mathematical topics, such as algebra and geometry.

There are a lot of directions for future work. One promising avenue is to integrate machine learning
techniques to further enhance the adaptive capabilities of the assessment tool. For example, deep
learning models could be trained on large-scale student interaction data to predict student performance
and optimize the question selection and feedback generation processes. Reinforcement learning algo-
rithms could also be explored to dynamically adjust the difficulty level and provide support based on
student responses in real-time. Moreover, natural language processing techniques could be applied
to analyze student explanations and provide more targeted feedback on problem-solving strategies
and misconceptions. Another direction for future research is to expand the tool’s content coverage
to include higher grade levels and more advanced mathematical topics, such as algebra, geometry,
and calculus. This would require the development of new question-generation algorithms and the
incorporation of domain-specific knowledge into the system. Additionally, the user interface could
be enhanced with more interactive features, such as graphing tools and simulations, to support the
exploration of complex mathematical concepts.
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