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ABSTRACT

Mathematics learning becomes more meaningful when supported by intelligent technologies that enhance students’ problem-solving processes. This study examined the effectiveness of the use of chatbot-assisted instruction using Solomon’s Model Approach in enhancing students’ performance in Mathematics during the school year 2025–2026. A quantitative quasi-experimental design using the Solomon four-group model was employed. The participants were 76 Maritime students from a private higher education institution in Ozamiz City, Misamis Occidental, Philippines, randomly assigned into two experimental and two control groups. A researcher-made problem-solving test was used, and data were analyzed using mean, standard deviation, independent samples t-test, and two-way ANOVA. Results showed that both groups demonstrated very low pretest performance. In the posttest, all groups improved; however, students exposed to the use of chatbot-assisted instruction achieved significantly higher performance than those who received traditional instruction. No significant differences were found between the two control groups and between the two experimental groups. Likewise, there was no significant interaction effect between pretest exposure and the use of chatbot-assisted instruction. The use of chatbot-assisted instruction effectively improves students’ mathematical performance and remains effective regardless of pretest exposure, highlighting its value as a supportive instructional tool in mathematics education. Math instructors may integrate chatbot-assisted instruction alongside traditional teaching strategies to enhance students’ learning outcomes in mathematics. 
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INTRODUCTION
Mathematics instruction in the 21st century has shifted from traditional teacher-centered approaches to learner-centered, technology-integrated methods that emphasize inquiry, collaboration, and real-world problem-solving. This evolution underscores the necessity for digital tools that foster student engagement and comprehension. The adoption of AI chatbots is consistent with the global trend toward technology-enhanced learning, which supports self-paced, interactive, and adaptive educational experiences (Awang et al., 2025). As reliance on digital tools increases, educators encounter both opportunities and challenges in leveraging these technologies to improve understanding, motivation, and performance in mathematics (Infante et al., 2025). Consequently, mathematics teachers are encouraged to utilize AI chatbots to address diverse learning needs, deliver immediate feedback, and support differentiated instruction. Given that mathematics is frequently perceived as abstract and anxiety-inducing, there is a pressing need for innovative pedagogies that enhance accessibility and engagement (Laksana & Fiangga, 2022). Within this context, AI chatbots offer promising opportunities to foster inquiry-based, personalized, and responsive learning experiences (Moral-Sánchez et al., 2023).
Chatbots are AI-powered conversational systems that simulate human interactions through natural language processing. These tools support constructivist and socio-constructivist learning by enabling learners to actively construct knowledge via guided exploration and interaction (Li et al., 2023). In mathematics education, chatbots such as ChatGPT, Photomath, Mathway, Microsoft Copilot, Symbolab, and Khanmigo are widely used to facilitate problem-solving, deliver real-time feedback, and enhance conceptual understanding.
Recent research underscores the expanding influence of advanced conversational AI tools in education. For example, ChatGPT has been shown to improve students’ mathematical reasoning by providing detailed explanations, multiple solution strategies, and interactive dialogue that replicates individualized tutoring (Kasneci et al., 2023). Cici integrates AI support within productivity platforms, allowing learners to generate explanations, summarize mathematical concepts, and access contextual assistance during learning activities (Microsoft, 2023). Additionally, Google Gemini (formerly Bard) has demonstrated potential in facilitating inquiry-based learning through question generation, concept clarification, and real-time knowledge retrieval (Google, 2024).
Jančařík et al. (2023) highlighted that chatbots address learners’ digital preferences by offering immediacy and engagement often absent in traditional instructional methods. These tools also provide scaffolding and step-by-step guidance, supporting students within their Zone of Proximal Development (Cheng et al., 2024) and enabling the gradual development of independence and confidence in mathematical problem-solving. Furthermore, the interactive features of AI chatbots align with formative assessment practices by continuously adapting responses to student input, thereby delivering immediate feedback and personalized learning pathways (Vanichvasin, 2021).
Multiple studies have demonstrated that chatbots effectively enhance problem-solving performance and mathematical comprehension (Dahal et al., 2025). Chatbot-based instruction increases the accessibility of abstract and procedural knowledge, bridging the divide between teacher-led and independent learning (Vintere et al., 2024). In flipped classroom settings, AI chatbots have been shown to promote engagement and reflective thinking (Martínez-Téllez & Camacho-Zuñiga, 2023). Additionally, Laja et al. (2025) reported that chatbots deliver differentiated feedback based on learners’ proficiency levels, serving as effective co-facilitators that extend instructional support beyond the classroom.
In addition to cognitive benefits, chatbots also positively impact affective learning outcomes. Students utilizing AI tools report increased motivation, greater confidence, and reduced anxiety due to immediate feedback and non-judgmental support (Van Doc et al., 2023). Chatbots function as digital companions, enhancing emotional well-being (Luckyardi et al., 2024) and fostering inclusivity by addressing diverse learning needs (Mageira et al., 2022). Comparative studies of advanced chatbots such as GPT-4 and Google Bard indicate improved accuracy and contextual explanations in mathematics (Plevris et al., 2023). However, El Azhari and Daoudi (2023) stress the importance of ethical and responsible AI integration. Dahal et al. (2023) further note that educators must balance AI's computational capabilities with strategies that cultivate critical and analytical reasoning.
Systematic reviews have identified chatbots as highly promising tools for adaptive learning (Awang et al., 2025). These systems can automate responses, decrease teacher workload, and facilitate continuous learning opportunities (El Azhari et al., 2023). Nevertheless, concerns regarding privacy, bias, and data security remain significant (Wardat et al., 2024). As a result, responsible implementation necessitates collaboration among educators, developers, and policymakers to uphold inclusivity and ethical standards (Pappagallo, 2024). When effectively integrated, AI chatbots constitute a technological and pedagogical innovation that can enhance engagement, conceptual understanding, and confidence in mathematics (Yeo et al., 2024). the effectiveness of such digital interventions, robust experimental designs are necessary. One of the most comprehensive is Solomon’s Four-Group Experimental Design, which combines pretest-posttest and posttest-only structures to measure true treatment effects. This design minimizes testing biases by using two experimental and two control groups—one set pretested and the other not—to isolate pretest sensitization effects (Saravanakumar et al., 2021). According to Sahin and Kilic (2024), this model enhances internal validity by allowing comparisons that reveal both main and interaction effects of the intervention.
Yetkin and Baser (2025) characterized the Solomon design as highly effective for educational research, as it ensures that observed outcomes are attributable to the intervention rather than familiarity with testing procedures. Prabakaran and Saravanakumar (2021) further noted that this design facilitates the generalization of results across different contexts, making it particularly suitable for evaluating pedagogical innovations such as chatbots. Jin et al. (2025) emphasized that the approach distinguishes authentic learning gains from those resulting from test exposure, while El Karkri et al. (2025) confirmed its capacity to reduce bias and improve the accuracy of research findings.
Golaki et al. (2022) identified the Solomon design as one of the most rigorous frameworks for educational experimentation, offering both practicality and scientific control. Sharp (2023) argued that this design strengthens both internal and external validity, leading to more credible outcomes. Nair and Mathew (2021) highlighted its suitability for studies aiming to establish causal relationships between instructional strategies and learning outcomes, while Golboni et al. (2024) noted its effectiveness in mitigating external variables that could influence performance. Young (2024) concluded that the comprehensive design enables researchers to verify the consistency of effects, thereby ensuring robust findings when assessing innovative teaching tools such as chatbots.
Despite these advantages, several challenges remain. Chatbots can produce inaccuracies, demonstrate limited contextual understanding, or foster overreliance on automation (Davar et al., 2025). Learners may also experience “AI hallucination,” in which chatbots generate plausible yet incorrect responses (Calonge et al., 2023). Plevris et al. (2023) advised that human oversight is necessary to ensure accuracy, while Mageira et al. (2022) emphasized that chatbots should serve as supplemental rather than substitutive tools, enriching instruction while preserving teacher-student interaction. Furthermore, although the adoption of AI-powered chatbots in education is increasing, empirical research specifically evaluating their effectiveness in mathematics instruction remains limited. Much of the existing literature focuses on general AI applications or learner perceptions rather than on measurable outcomes, such as conceptual understanding or problem-solving performance in mathematics. This gap underscores the need for systematic investigations into the impact of chatbot integration on students’ mathematical achievement, engagement, and higher-order thinking skills, particularly within structured classroom environments.
This study utilizes the described experimental framework to evaluate the effectiveness of chatbot-assisted instruction on students’ mathematical outcomes. Specifically, it investigates whether integrating chatbots as digital learning tools improves student performance relative to traditional instruction and examines the influence of pretesting on performance variation. The results are expected to provide empirical evidence regarding the pedagogical value of chatbots in mathematics, thereby informing decisions about technology integration in educational settings.
This research is significant for multiple stakeholders. For students, chatbot-assisted learning can enhance engagement, confidence, and comprehension. For teachers, the study provides a framework for effectively integrating AI tools into instructional practice. Curriculum developers and administrators may leverage the findings to modernize curricula in alignment with national educational objectives. Additionally, the outcomes may inform policymakers in promoting responsible AI adoption and guide future researchers in exploring broader applications of AI in education. By employing Solomon’s Four-Group Design, this study contributes to the discourse on evidence-based innovations that support equitable, engaging, and effective mathematics education in the digital era.

Statement of the Problem
The study aimed to evaluate the effectiveness of implementing a chatbot, applying the Solomon’s Model Approach, in enhancing the outcomes of the students in mathematics in one of the private higher education institutions during the School Year 2025–2026.
Specifically, it sought to answer the following questions: 
1. What are the students' performance in the pretest for the control and experimental groups before implementing the chatbot using Solomon’s Model Approach?
2. What are the students' performance in the posttest for the control groups who did not receive the chatbot intervention using Solomon’s Model Approach?
3. What are the students' performance in the posttest for the experimental groups after the implementation of the chatbot using Solomon’s Model Approach?
4. Is there a significant difference in the performance of students in the pretest between control and experimental groups?
5. Is there a significant difference in the performance of students in the posttest who underwent the implementation of chatbot using Solomon’s Model Approach (experimental group) and those with no intervention (control group)?
6. Is there a significant difference in the performance of students in the posttest between the two control groups?
7. Is there a significant difference in the performance of students in the posttest between the two experimental groups?
8. Is there an interaction effect between the pretest and the implementation of chatbot using Solomon’s Model Approach on students' performance for the experimental group?

RESEARCH METHODOLOGY
Design
This quantitative study used the Solomon’s four-group design, a quasi-experimental study in which subjects were randomly divided into four groups to conduct both a pretest-posttest control group design experiment and a posttest-only control group design investigation simultaneously. In this design, the treatment and control groups had two subgroups: one that received a pretest before the intervention and one that did not, guaranteeing that the study controlled for pretest effects on outcomes. The dependent variable was the students' outcomes. A control group enabled a comparison of the effectiveness of the Solomon’s Model Approach to traditional teaching approaches (Creswell & Creswell, 2017).
In this study, four groups were used to confirm the validity of the experimental results and account for the effects of pretesting. This Solomon four-group design was beneficial when examining whether a pretest, either by itself or in conjunction with the treatment, affected the outcomes.

Setting
The study was conducted in one of the private, non-sectarian higher education institutions in Ozamiz City, Misamis Occidental, Philippines. Recognized in 2024 with ISO 21001:2018 certification and as the only Autonomous Higher Education Institution in Misamis Occidental and Northwestern Mindanao, the institution is known for its commitment to academic excellence, inclusivity, and continuous improvement. With its strong integration of educational technologies in mathematics instruction and emphasis on student development, the university provided an appropriate setting for examining the effectiveness of chatbot-assisted instruction using Solomon’s Model Approach on students’ problem-solving performance. The institution’s adoption of innovative teaching strategies and technology-supported learning environments enabled a meaningful investigation into how AI-powered chatbots could enhance students’ understanding of mathematical concepts and improve their overall academic outcomes.

Participants
The study involved 76 Maritime students enrolled in a private higher education institution in Ozamiz City during the 2025–2026 academic year, all of whom were taking the Mathematics in the Modern World course. Participants were selected using purposive random sampling, targeting students identified by their teachers as needing intervention in Mathematics based on prior assessments and classroom performance. The sample exhibited similar demographic characteristics, including age range, academic background, and exposure to a uniform Mathematics curriculum, thereby ensuring comparability across groups.
In accordance with the Solomon Four-Group Experimental Design, the 76 students were randomly assigned to four groups of 19 members each. The first experimental group (E₁) completed a pretest, participated in chatbot-based instruction as the intervention, and then took the posttest. The first control group (C₁) completed both the pretest and posttest but received traditional instruction instead of the chatbot intervention. The second experimental group (E₂) did not take the pretest but received chatbot-based instruction and subsequently completed the posttest. The second control group (C₂) neither took the pretest nor received the intervention, participating only in the posttest.
This grouping enabled measurement of both the effect of the chatbot intervention on student outcomes and the potential influence of the pretest on posttest results. Random assignment of participants minimized potential biases and strengthened the validity and reliability of the findings. Selection criteria required that students be officially enrolled during the 2025–2026 academic year, be enrolled in Math 1, and provide full and voluntary consent to participate. All criteria were verified prior to the commencement of the study.



Instruments
The researcher used the following research instruments to gather data in the study: 
Problem Solving Test. This contains 100 items, 40% of which are easy questions (remembering and understanding), 30% of which are average questions (applying and analyzing), and 30% of which are difficult questions (evaluating and creating). 
The test questions were self-constructed and formulated based on the learning competencies for the preliminary period, specifically covering Lesson 1: The Nature of Mathematics, Lesson 2: The Language of Mathematics, Lesson 3: Problem Solving, Lesson 4: Reasoning, and Lesson 5: Polya’s Problem-Solving Strategies. The reliability of the instrument was tested through a pilot study involving a subset of maritime students who were not included in the main study. With a Cronbach’s Alpha coefficient of 0.70, the instrument was deemed reliable and acceptable for use in the study. 
To determine the level of students' performance in the pretest and posttest, the researcher used the hypothetical mean range and its adjectival equivalent.

	Scores
	Grade Equivalent
	Description

	90 – 100 
	90 – 100
	Meets minimum competence with exceptional score 

	80 – 89 
	80 – 89
	Meets minimum competence with over and above average score 

	71 – 79 
	71 – 79
	Meets minimum competence with above average score 

	63 – 70 
	63 – 70
	Meets minimum competence with average score 

	60 – 62 
	60 – 62
	Meets minimum competence 

	Below 60 
	Below 60
	Does not meet the minimum expectation 



Data Gathering Procedure
Before beginning the investigation, the researcher obtained the Dean of the Graduate School's approval after the thesis advisor's approval.  The researcher obtained necessary approvals from various stakeholders, including the research ethics board, principal, teachers, and parents, ensuring compliance with ethical guidelines. Informed consent was obtained from the parents, and assent was obtained from the learners involved in the study.
After the permissions were secured, teaching implementing a chatbot using Solomon’s Four Group Model was conducted in the classroom. The investigator provided the participants with an overview of the study's objectives, specifically for the Maritime students. Before data collection, a formal letter of consent was presented to each respondent's parent or guardian, outlining the study's purpose and assuring confidentiality. This study employed Solomon’s Four-Group design. Data collection began with administering a researcher-developed word problem pretest to the first 2 groups (Control A and Experimental A), consisting of 80 Maritime students. The test results were analyzed using the hypothetical mean range used by DepEd to determine students' performance on the pretest.
The intervention was implemented over one month following the pretest, using chatbot-based instruction in accordance with the Solomon Four-Group Design. Sessions were conducted for three hours per week, scheduled according to the students’ regular class timetable and classroom. The teacher-researcher conducted demonstration teaching on how to properly prompt chatbots, employing discussion and the chalk-talk method. This approach, integrated with the chatbot following Solomon’s design, aimed to enhance students’ outcomes in Mathematics.
After taking the pretest, the intervention or treatment will be provided to the participants. Following the intervention period, a posttest will be administered to all four groups to assess the effectiveness of the chatbot-based instruction using Solomon’s Four-Group Design and to measure changes in students’ problem-solving skills. The posttest data will be tallied and analyzed to determine the impact of the intervention on the students’ mathematical outcomes, with appropriate statistical methods applied to control for differences among the Solomon groups. After the posttest, the scores of all four groups will be compared to evaluate the effectiveness of the chatbot-assisted instruction.
Group 1 vs. Group 2 will show if the treatment had an effect after controlling for pretest sensitization. Group 3 vs. Group 4 shows whether the treatment alone, without the influence of a pretest, affects word-problem-solving ability. This method will help determine whether the treatment (a chatbot-based instruction implemented using Solomon’s Four Group Design) effectively improves word-problem-solving skills while controlling for potentially confounding factors such as pre-existing skills or test sensitization. It will also help control for confounding variables that may impact the results, ensuring that any observed effects are due to the treatment rather than external factors.

Ethical Consideration
The paper was reviewed by the MU-Research Ethics Committee (MUREC) before data collection. The researcher asked the participants for voluntary participation to ensure the ethical aspects of the conduct of the study. The participants were informed that they would not be harmed in any way. Respect was prioritized for the dignity of the participants. The security of participants’ information, an acceptable level of confidentiality for study data, and the anonymity of research participants were guaranteed. Moreover, deception and exaggeration about the aim and objectives of the research were avoided; affiliations in any form, sources of funding, and any possible conflicts of interest were declared. Finally, any communication about the research was conducted honestly and transparently, and any misleading information or misinterpretations of primary data findings were avoided.
The researcher asked the participants to sign the Informed Consent Form as proof of their voluntary participation, with the assurance that only the researcher would have access to the research data. They were also informed that they could withdraw from the study at any time. To ensure equitable participation and avoid digital access barriers during chatbot-assisted instruction, free and reliable internet access was provided to all participants throughout the intervention period. Furthermore, they were assured that the research data would be discarded six months after the research findings were presented to the Thesis Committee.

Data Analysis
With the aid of SPSS software, the following statistical tools were used in the study:
Mean and standard deviation. These were used to determine the pre-test and post-test problem solving performance of students.
T-test. This tool was used in comparing the students’ problem-solving performance between two groups (experimental vs. control, and two control groups).
Two-Way ANOVA. It was used to assess the interaction effects between the pretest and the intervention on the posttest results.

RESULTS AND DISCUSSION
Students’ Performance in the Pretest for the Control and Experimental 
Groups Before Implementing the Chatbot Using 
Solomon’s Model Approach
Table 1 presents the students’ performance in the pretest for both the control and experimental groups before the implementation of chatbot-assisted instruction using Solomon’s Model Approach. The results showed that the control group obtained (M = 27.42), while the experimental group recorded (M = 26.05). Based on the given performance scale, both mean scores fell below 60, which corresponded to the category “Does not meet the minimum expectation.” This indicated that, prior to the intervention, students in both groups demonstrated very low mastery of the mathematical concepts assessed in the pretest. The findings suggested that students lacked the necessary knowledge and problem-solving skills, highlighting the need for effective instructional interventions to improve their performance. 
In response to such learning gaps, educational innovations such as chatbot-assisted learning have been introduced to support teaching and learning processes. Chatbots are artificial intelligence–driven conversational systems designed to simulate human interaction and provide automated responses to users’ questions or requests. In educational settings, chatbots can guide students through problem-solving procedures, explain mathematical concepts, and provide instant feedback on students’ responses. Teachers may integrate chatbots in classroom instruction as supplementary learning tools that allow students to practice solving problems independently, revisit lesson explanations, and clarify misconceptions beyond classroom discussions. Through interactive conversations and guided learning assistance, chatbot technologies can help enhance student engagement and promote self-directed learning experiences within and beyond the classroom.
The results of the control group revealed that all 19 students, representing 100.00%, were categorized under “Does not meet the minimum expectation.” None of the students achieved any level of minimum competence across the defined performance categories. This finding indicated that the students in the control group had very limited understanding of the mathematical concepts and were unable to demonstrate the expected level of competence during the pretest. It also suggested that the students experienced significant difficulty in applying appropriate problem-solving strategies and mathematical reasoning skills.
Similarly, the experimental group demonstrated the same pattern of performance during the pretest. All 19 students, or 100.00%, were classified under “Does not meet the minimum expectation.” No students reached any of the categories associated with meeting minimum competence. This indicated that the experimental group also had very low prior knowledge and lacked sufficient problem-solving skills before the implementation of the chatbot-assisted instructional approach. The uniformity of results in this group further emphasized the need for instructional support and intervention.
A comparison of the control and experimental groups indicated that both groups had identical performance distributions, with 100.00% of students in each group classified under “Does not meet the minimum expectation.” Furthermore, (M = 27.42) for the control group and (M = 26.05) for the experimental group showed that both groups had nearly equivalent levels of prior knowledge. This similarity in baseline performance confirmed that the two groups were comparable before the intervention, which is essential in experimental research. It ensured that any differences observed in the posttest could be more confidently attributed to the instructional intervention rather than to pre-existing differences in students’ abilities.
A growing body of research has highlighted the significant role of artificial intelligence and chatbot technologies in enhancing teaching and learning processes in modern educational environments. For instance, Yuensook et al. (2025) emphasized that AI-supported learning systems have the capacity to provide personalized instruction and adaptive feedback, enabling students to better understand complex academic concepts. Similarly, Vorsah & Oppong (2024) reported that artificial intelligence technologies in education can promote active learning by providing interactive assistance that supports learners’ cognitive development and engagement. In addition, Ayeni et al. (2024) noted that AI-driven educational technologies have the potential to transform traditional classrooms by offering flexible and personalized learning experiences that respond to students’ individual learning needs. Lin et al. (2023) further explained that artificial intelligence tools can function as intelligent tutoring systems capable of guiding learners through difficult academic tasks while offering timely feedback and explanations.
Several empirical studies have also demonstrated the effectiveness of chatbots in supporting students’ learning experiences. Ait Baha et al. (2024) found that educational chatbots can enhance students’ motivation and confidence by providing conversational learning support that simulates teacher–student interaction. Similarly, Huang et al. (2025) reported that chatbot-based learning environments can help students better understand complex topics through step-by-step explanations and guided responses. Abbas et al. (2022) also observed that chatbots in education can improve students’ engagement and academic performance by offering continuous assistance and answering learners’ questions in real time. Furthermore, Alfehaid & Hammami (2023) emphasized that conversational agents can facilitate interactive learning environments where students feel more comfortable asking questions and exploring concepts independently.
Other scholars have examined the broader impact of artificial intelligence in education. Naseer et al. (2024) highlighted that AI applications can support personalized learning pathways by analyzing students’ responses and providing adaptive feedback that helps address learning gaps. Akram (2025) explained that AI-supported learning environments can improve students’ problem-solving abilities by offering scaffolded assistance and intelligent feedback mechanisms. Likewise, Barua et al. (2022) argued that artificial intelligence technologies can enhance educational practices by supporting individualized instruction and helping learners overcome specific learning difficulties. In addition, Sajja et al. (2025) emphasized that AI-driven tools can assist educators in monitoring students’ progress and providing targeted interventions for learners who struggle with particular academic skills. Similarly, Lin et al. (2023) noted that artificial intelligence technologies have the potential to enrich educational experiences by enabling intelligent tutoring systems that guide students through complex learning processes. Finally, Kaswan et al. (2024) discussed how AI technologies are reshaping higher education by supporting personalized learning environments and improving students’ access to learning resources. Collectively, these studies demonstrate that chatbot-assisted and AI-supported learning tools have significant potential to address students’ learning challenges and enhance their academic performance, particularly in subjects that require strong analytical and problem-solving skills.
The results implied that students in both groups required substantial instructional support to progress from not meeting the minimum expectations toward achieving higher levels of competence. Given that all students were initially classified under the lowest performance category, it was essential for educators to implement intensive, structured, and student-centered instructional strategies. These may include explicit teaching of problem-solving processes, scaffolded learning activities, differentiated instruction, and continuous formative assessments to monitor progress. The integration of chatbot-assisted learning tools could further enhance this process by providing immediate feedback, step-by-step guidance, and opportunities for independent and self-paced learning. Additionally, incorporating collaborative learning, enrichment activities, and higher-order thinking tasks could help deepen students’ conceptual understanding and analytical skills. Through consistent instructional support, effective use of educational technologies, and sustained learning interventions, students may gradually improve their performance and ultimately achieve the level of meets minimum competence with exceptional score, demonstrating mastery of mathematical concepts and excellence in problem-solving abilities.

Table 1
Students’ Performance in the Pretest for the Control and Experimental Groups 
Before Implementing the Chatbot Using 
Solomon’s Model Approach
	Performance
	Control Groups
	Experimental Group

	
	Frequency
	Percentage
	Frequency
	Percentage

	Does not meet the minimum expectation 
	19 
	100.00
	19 
	100.00

	Mean Performance
	27.42
	26.05


Note: Scale:  90 – 100 (Meets minimum competence with exceptional score); 80 – 89 (Meets minimum competence with over and above average score); 71 – 79 (Meets minimum competence with above average score); 63 – 70 (Meets minimum competence with average score); 60 – 62 (Meets minimum competence); Below 60 (Does not meet the minimum expectation)
Students' Performance in the Posttest for the Control Groups 
who did not Receive the Chatbot Intervention 
Under Solomon’s Model Approach
Table 2 presents the students' performance in the posttest for the control groups who did not receive the chatbot intervention under Solomon’s Model Approach. The results showed that the control group with pretest obtained (M = 86.00), while the control group without pretest recorded (M = 84.11). Based on the given performance scale, both mean scores fell within the 80–89 range, which corresponded to “Meets minimum competence with over and above average score.” This indicated that students in both control groups were able to demonstrate a high level of competence in the mathematical concepts assessed in the posttest. The findings suggested that even without chatbot-assisted instruction, students were able to significantly improve their understanding and problem-solving skills through the instructional process.
In the context of this study, the control groups received instruction through the traditional teaching approach, which typically involved teacher-led discussions, guided explanations, classroom exercises, and direct feedback from the instructor. Traditional classroom instruction remained one of the most widely used approaches in mathematics education, as it allowed teachers to present concepts systematically, demonstrate problem-solving procedures, and monitor students’ understanding through direct interaction. Through structured lessons, examples, and practice activities, teachers were able to guide learners in developing their conceptual understanding and analytical skills. Although modern educational technologies such as chatbots are increasingly integrated into classrooms, traditional instructional methods continued to play a significant role in helping students grasp mathematical concepts and improve their academic performance.
The results of the control group with pretest revealed that 3 students, representing 15.79%, achieved “Meets minimum competence with exceptional score,” while 16 students, or 84.21%, were classified under “Meets minimum competence with over and above average score.” No students in this group fell under the lower performance categories. These findings indicated that all students in the control group with pretest were able to meet the required level of competence, with the majority performing at an above-average level and a smaller proportion reaching exceptional performance. This suggested that the instructional process was effective in helping students achieve a strong level of understanding of the mathematical concepts.
Similarly, the control group without pretest also demonstrated high levels of performance in the posttest. The results showed that 2 students, representing 10.53%, achieved “Meets minimum competence with exceptional score,” while 17 students, or 89.47%, were categorized under “Meets minimum competence with over and above average score.” None of the students were classified under the lower performance levels. These findings indicated that all students in this group were able to achieve at least the required level of competence, with the majority performing above average and a few attaining exceptional performances. This suggested that even without prior exposure to the pretest, students were still able to develop strong conceptual understanding through classroom instruction.
A comparison of the two control groups showed that both groups performed at similarly high levels in the posttest. The control group with pretest obtained a slightly higher (M = 86.00) compared with (M = 84.11) for the control group without pretest. Despite this slight difference, both groups remained within the same performance category of “Meets minimum competence with over and above average score.” This indicated that the presence or absence of a pretest did not significantly affect students’ posttest performance. Both groups demonstrated consistent levels of achievement, suggesting that traditional instruction alone was sufficient to help students reach above-average competence in the subject matter.
Several studies have highlighted the effectiveness of well-structured instruction and effective teaching practices in improving students’ academic performance. For instance, Younis et al. (2021) emphasized that effective teaching strategies, clear instruction, and timely feedback significantly contribute to students’ academic achievement. Similarly, Singh (2025) explained that supportive classroom environments and well-designed instructional practices help learners develop deeper understanding of academic concepts. Mejía‐Rodríguez & Kyriakides (2022) also highlighted that systematic instruction, guided practice, and continuous feedback are key factors that enhance students’ learning performance. Moreover, Leijen (2022) emphasized the importance of pedagogical content knowledge in helping teachers effectively deliver subject matter and support students’ understanding.
Recent studies have also discussed how instructional practices, whether traditional or technology-supported, can contribute to improved student learning performance. For example, Smaldino et al. (2024) noted that effective instructional design remains essential for promoting student learning even when new technologies are introduced in educational environments. Kumar (2023) highlighted that meaningful learning experiences are often achieved through well-structured teaching strategies that support students’ cognitive development. Similarly, Roblyer et al. (2024) emphasized that the integration of innovative technologies should complement, rather than replace, effective teaching practices. Chounta et al. (2022) also explained that while artificial intelligence tools can support learning, the role of teachers remains central in facilitating meaningful educational experiences. Other scholars such as Daniel et al. (2024) further emphasized that effective instruction, combined with appropriate learning support, plays a critical role in strengthening students’ academic performance and problem-solving abilities.
The results imply that effective instruction and structured classroom learning experiences can significantly support students’ academic development, even without the integration of chatbot-assisted learning tools. Teachers may continue to provide clear explanations, guided practice activities, and constructive feedback to help students strengthen their understanding of mathematical concepts. For students who may still perform at the minimum competence with over and above average score levels, instructors may implement additional instructional strategies such as differentiated instruction, scaffolded problem-solving activities, and formative assessments that allow teachers to monitor students’ progress and identify areas needing improvement. Providing opportunities for collaborative learning, peer tutoring, and practice exercises can also help reinforce students’ understanding of mathematical concepts. Furthermore, teachers may encourage students to engage in reflective learning and independent practice to further develop their analytical and problem-solving skills. Through continuous guidance, targeted support, and meaningful learning experiences, educators can help students gradually improve their competencies and ultimately achieve minimum competence with exceptional score levels of academic performance.

Table 2
Students' Performance in the Posttest for the Control Groups 
who did not Receive the Chatbot Intervention 
Under Solomon’s Model Approach
	
	Control Group 
(With Pretest)
	Control Group B (Without Pretest)

	Performance
	Frequency
	Percentage
	Frequency
	Percentage

	Meets minimum competence with exceptional score 
	3
	15.79
	2
	10.53

	Meets minimum competence with over and above average score 
	16
	84.21
	17
	89.47

	     Mean Performance 
	86.00
	84.11


Note: Scale:  90 – 100 (Meets minimum competence with exceptional score); 80 – 89 (Meets minimum competence with over and above average score); 71 – 79 (Meets minimum competence with above average score); 63 – 70 (Meets minimum competence with average score); 60 – 62 (Meets minimum competence); Below 60 (Does not meet the minimum expectation)

Students' Performance in the Posttest for the Experimental Groups 
After the Implementation of the Chatbot Using 
Solomon’s Model Approach
Table 3 presents the students' performance in the posttest for the experimental groups after the implementation of the chatbot using Solomon’s Model Approach. The results revealed that the experimental group with pretest obtained (M = 88.79), while the experimental group without pretest obtained (M = 86.26). Based on the provided performance scale, the mean score of the experimental group with pretest fell within the “Meets minimum competence with over and above average score” range (80–89) for most students, with a substantial portion achieving “Meets minimum competence with exceptional score” (90–100). Similarly, the experimental group without pretest also fell primarily within the “Meets minimum competence with over and above average score” range, with a smaller proportion reaching the exceptional score level. These findings indicate that after the intervention, students in both experimental groups demonstrated strong mastery of the mathematical concepts assessed in the posttest. The results suggested that chatbot-assisted instruction effectively improved students’ understanding, problem-solving abilities, and overall performance, even when the groups differed in prior pretest exposure.
In this context, chatbot-assisted learning was implemented as an instructional support tool to help students enhance their understanding of mathematical concepts. A chatbot was an artificial intelligence–based conversational system that interacted with users through natural language processing and automated responses. In educational settings, chatbots functioned as digital tutors that assisted learners by answering questions, providing explanations, and guiding them through problem-solving procedures. In this classroom setting, students utilized several artificial intelligence chatbot platforms such as Gemini, Cici, and ChatGPT during their learning activities. These tools allowed students to ask questions, request explanations for mathematical procedures, and explore different strategies in solving problems. Through these platforms, learners received immediate feedback and step-by-step guidance that supported their independent learning. Teachers integrated these chatbot technologies to supplement traditional instruction by providing additional learning resources, practice opportunities, and clarification of difficult concepts. As a result, students were able to review lessons independently, explore mathematical reasoning more deeply, and engage more actively in the learning process. The use of these AI-powered chatbots also encouraged students to develop analytical thinking and problem-solving skills while interacting with digital learning environments.
The results for the experimental group with pretest showed that 7 students, representing 36.84%, achieved “Meets minimum competence with exceptional score,” while 12 students, or 63.16%, achieved “Meets minimum competence with over and above average score.” None of the students were classified under lower performance levels. These findings indicated that the combination of prior exposure through the pretest and chatbot-assisted instruction effectively strengthened students’ mastery of mathematical concepts and problem-solving skills. Students in this group demonstrated higher proportions of exceptional performance compared with other groups, suggesting that the pretest may have served as an initial diagnostic tool that helped focus learning during the intervention.
Similarly, the experimental group without pretest demonstrated strong performance in the posttest. Results showed that 3 students, representing 15.79%, achieved “Meets minimum competence with exceptional score,” while 16 students, or 84.21%, were classified under “Meets minimum competence with over and above average score.” None of the students fell under lower performance categories. These results suggested that even without prior exposure through a pretest, the majority of students still demonstrated strong comprehension and application of the mathematical concepts taught during chatbot-assisted instruction.
An examination of the two experimental groups revealed that both achieved exceptionally high levels of performance. The experimental group with pretest had a slightly higher (M = 88.79) compared with (M = 86.26) for the group without pretest. Despite this difference, both groups remained within the outstanding performance level, indicating that the overall academic achievement of students remained consistently high after the integration of chatbot-assisted instruction. This suggested that the chatbot intervention effectively supported students’ learning regardless of pretest exposure, with the added benefit of helping some students reach the exceptional performance category.
Several studies emphasized the growing role of artificial intelligence technologies in improving teaching and learning processes. Imamguluyev et al. (2024) explained that AI-powered educational tools such as chatbots enhanced students’ learning experiences by providing personalized assistance, adaptive explanations, and instant feedback. Similarly, Demartini et al. (2023) reported that artificial intelligence in education supported learners through intelligent systems that adapted to students’ needs and learning progress. Kaswan et al. (2024) further emphasized that AI technologies had the capacity to transform learning environments by facilitating personalized and flexible learning opportunities. In addition, Basri (2024) highlighted that AI-supported systems served as intelligent tutoring tools that guided students through complex tasks while providing immediate feedback. Likewise, Saar et al. (2025) noted that artificial intelligence applications in education promoted individualized learning pathways that helped learners better understand academic content and develop higher-order thinking skills.
Research focusing specifically on chatbot technologies in education also demonstrated their positive impact on student engagement and academic achievement. Zhang et al. (2024) found that chatbot-assisted learning environments increased student participation and supported independent learning by providing conversational interaction similar to teacher–student dialogue. Similarly, Okonkwo & Ade-Ibijola (2021) reported that educational chatbots improved students’ academic performance by offering real-time responses to learners’ questions and guiding them through problem-solving processes. Alfehaid & Hammami (2023) also explained that conversational agents in education enhanced students’ motivation and engagement because they allowed learners to interact with digital systems in a more natural and accessible manner. In addition, Bosch & Kruger (2024) highlighted that chatbots in educational contexts helped students clarify difficult concepts, provided continuous learning support, and encouraged self-directed learning behaviors.
Furthermore, other studies highlighted the effectiveness of AI-supported learning environments in strengthening students’ cognitive development and academic performance. Ouyang et al. (2023) reported that artificial intelligence–supported learning systems improved students’ problem-solving skills by providing scaffolded instruction and adaptive feedback. Mehmood et al. (2025) emphasized that AI-assisted learning environments helped students develop deeper conceptual understanding by allowing them to explore multiple strategies in solving academic tasks. Similarly, Dahri et al. (2025) noted that AI-powered chatbots in education promoted personalized learning experiences and improved students’ engagement with course materials. Rohid et al. (2025) also found that chatbot technologies supported students’ independent learning by enabling them to access explanations and learning assistance anytime. Likewise, Yarovenko-Kuzminykh (2025) reported that AI tools such as conversational agents and generative AI systems significantly enhanced students’ academic engagement, self-regulated learning, and conceptual understanding across different educational contexts. Collectively, these studies supported the findings of the present study, which indicated that the integration of chatbot-assisted instruction contributed to improved student performance in mathematics learning.
The results implied that integrating chatbot-assisted instruction significantly contributed to improving students’ academic performance, with some students reaching the “Meets minimum competence with exceptional score” level. To ensure that all students achieve this highest level of performance, teachers should provide structured instructional support, targeted problem-solving activities, differentiated instruction, and continuous formative assessment. Encouraging collaborative learning, independent practice, reflective thinking, and guided exploration through AI tools can further enhance students’ mastery of mathematical concepts. Through these strategies, educators can help students gradually progress from above-average to exceptional performance, maximizing learning performance and fostering excellence in mathematics.
Table 3
Students' Performance in the Posttest for the Experimental Groups 
After the Implementation of the Chatbot Using 
Solomon’s Model Approach
	
	Experimental Group (With Pretest)
	Experimental Group B (Without Pretest)

	Performance
	Frequency
	Percentage
	Frequency
	Percentage

	Meets minimum competence with exceptional score 
	7
	36.84
	3
	15.79

	Meets minimum competence with over and above average score 
	        12
	63.16
	16
	84.21

	     Mean Performance 
	88.79
	86.26


Note: Scale:  90 – 100 (Meets minimum competence with exceptional score); 80 – 89 (Meets minimum competence with over and above average score); 71 – 79 (Meets minimum competence with above average score); 63 – 70 (Meets minimum competence with average score); 60 – 62 (Meets minimum competence); Below 60 (Does not meet the minimum expectation)

Significant Difference in the Performance of Students in the Pretest 
Between Control and Experimental Groups
Table 4 presents the significant difference in the performance of students in the pretest between the control and experimental groups before the implementation of the chatbot using Solomon’s Model Approach. The results revealed that the experimental group obtained (M = 27.42, SD = 5.22), while the control group obtained (M = 26.05, SD = 6.48). Based on the given performance scale, both mean scores fell within the 21–40 range, which corresponded to fairly satisfactory performance. These findings indicated that students in both groups demonstrated limited mastery of mathematical concepts and problem-solving skills before the intervention. The results suggested that both groups started at an equivalent level, providing a fair baseline for assessing the effectiveness of the chatbot-assisted instruction.
The two main variables were the independent variable, which was the instructional approach, and the dependent variable, which was the students’ problem-solving performance. The experimental group was designated to receive chatbot-assisted instruction, integrating artificial intelligence–based conversational tools such as Gemini, Cici, and ChatGPT into classroom activities to support learning. These platforms provided automated guidance, step-by-step explanations, and immediate feedback to enhance understanding and engagement. On the other hand, the control group continued with traditional instruction, where the teacher delivered lessons using conventional methods, including direct explanations, manual problem-solving exercises, and guided practice without the support of AI technologies. By comparing these two instructional approaches while keeping the pretest as a baseline, the study aimed to determine how the intervention influenced students’ problem-solving performance.
The results for the experimental group showed (M = 27.42, SD = 5.22). Based on the performance scale, this score fell within the “Fairly Satisfactory” range, indicating that the students had some understanding of the mathematical concepts but still displayed limited problem-solving skills. These findings suggested that, before the intervention, the experimental group required additional instructional support to strengthen their mastery of mathematical problem-solving.
For the control group, the pretest results revealed (M = 26.05, SD = 6.48), which also fell within the “Fairly Satisfactory” category. This indicated that students in the control group similarly had limited problem-solving abilities before receiving any instruction. The data reflected that both groups started at comparable baseline levels of understanding, demonstrating the need for instructional interventions to improve learning performance.
A comparison of the two groups using the independent-samples t-test yielded (t = 1.24, p = 0.231). Since the p-value was greater than 0.05, the null hypothesis was accepted, indicating that there was no significant difference in the pretest performance between the experimental and control groups. This result confirmed that the two groups were statistically equivalent at the start of the study, ensuring that any subsequent differences observed in posttest performance could be attributed to the instructional method rather than pre-existing disparities in problem-solving ability.
Several studies have emphasized the critical role of pre-assessment in education as a tool to establish students’ baseline knowledge, guide instruction, and measure learning growth. Pretests provide educators with essential insights into learners’ prior understanding, misconceptions, and readiness to engage with new content (Pan & Carpenter, 2023). They allow teachers to identify knowledge gaps and tailor instructional strategies that address students’ specific needs (Pramerta, 2025). According to Gamage (2025), pre-assessment is particularly important when introducing innovative learning tools because it helps in isolating the effect of the intervention from pre-existing knowledge. See (2022) argued that baseline assessments ensure that the impact of teaching strategies or technological interventions can be accurately evaluated, thereby providing evidence for effective instructional practices. Similarly, Gamage (2025) noted that pre-assessments encourage learners to reflect on their knowledge, supporting metacognitive development and helping students recognize areas for improvement before engaging in targeted instruction.
In the context of technology-enhanced learning, pre-assessments play a pivotal role in ensuring that interventions, including AI-supported tools, are appropriately aligned to learners’ needs. Maftuna (2025) emphasized that knowing students’ initial competencies allows educators to provide timely scaffolding and adaptive support during lessons. Chang et al., (2023) reported that pretest results guide the design of learning activities, ensuring that AI-based instructional tools such as chatbots provide meaningful, personalized guidance. Chraa & Alidrissi (2025) highlighted that integrating pre-assessment data allows teachers to monitor progress and adjust interventions in real-time, improving both engagement and learning performance. Ali (2024) further emphasized that pre-assessments inform formative evaluations, supporting continuous feedback loops that strengthen understanding and skill development. This is especially critical in problem-solving contexts, where students’ prior knowledge significantly impacts their ability to analyze and solve tasks effectively (Lonergan, 2023).
Extending this perspective to mathematics and AI-assisted instruction, a number of studies have shown that pretests enhance the effectiveness of digital learning interventions. Van der Linden (2023) found that pre-assessment data allow teachers to design interactive activities and provide adaptive feedback, fostering deeper understanding and critical thinking. Abrar et al. (2025) reported that AI-powered tools guided by pretest insights help students develop personalized learning paths, enhancing engagement and performance. Rajak & Dey (2025) emphasized that pre-assessment identifies students who require additional support, allowing educators to implement differentiated strategies. Kusumoriny (2025) further noted that pre-assessment in combination with AI-assisted instruction supports individualized learning, adaptive scaffolding, and effective feedback, which collectively improve conceptual mastery and problem-solving ability. Collectively, these studies affirm that pre-assessments are not merely evaluative measures but foundational components that enhance instructional planning, guide the effective integration of innovative tools, and ensure equitable opportunities for all learners to achieve their learning potential.
The findings can be supported by the principles of Constructivist Learning Theory proposed by Jean Piaget (1972) and the Sociocultural Theory of Lev Vygotsky (1978). Constructivist theory emphasizes that learners build knowledge based on prior experiences and cognitive readiness. Since both groups demonstrated similar levels of prior knowledge and understanding of mathematical concepts before the intervention, it is reasonable that their pretest performances did not significantly differ. Likewise, Vygotsky’s concept of the Zone of Proximal Development suggests that learners require appropriate guidance and instructional support to move beyond their current level of understanding. Before the implementation of chatbot-assisted instruction or any structured intervention, both groups relied primarily on their existing knowledge and previous learning experiences, which resulted in comparable levels of performance. This theoretical perspective explains why the two groups exhibited statistically equivalent pretest results, thereby establishing a valid baseline for evaluating the effect of the instructional intervention implemented later in the study.
The results implied that the absence of a significant difference in pretest performance between the experimental and control groups indicated that all students entered the instructional period with comparable levels of prior knowledge and problem-solving skills. This suggested that any subsequent improvements in performance could be attributed to the instructional intervention rather than pre-existing advantages. From an instructional perspective, this finding highlighted the importance of conducting baseline assessments to ensure equitable learning opportunities and to identify students who may require additional support during the intervention. Educators were encouraged to use pretest data to implement targeted instructional strategies, such as differentiated teaching, guided practice, and scaffolded activities, which would cater to students’ individual needs. Furthermore, the finding underscored that pre-assessments could serve as diagnostic tools for planning lessons that optimize the effectiveness of both traditional and technology-enhanced learning methods. By understanding students’ initial competencies, teachers could anticipate potential challenges, provide timely feedback, and facilitate adaptive learning pathways. Overall, the results reinforced the educational value of pretesting in promoting fairness, informing instruction, and supporting the implementation of evidence-based teaching practices that ultimately aimed to enhance students’ academic performance and problem-solving performance.

Table 4
Significant Difference in the Performance of Students in the Pretest Between
Control and Experimental Groups
	Variables
	M
	SD
	t value
	p value
	Decision

	Experimental Group
	27.42
	5.22
	1.24
	0.231
	Fail to Reject Ho

	Control Group
	26.05
	6.48
	
	
	


Ho: There is no significant difference in the performance of students in the pretest between control and experimental groups 
Note:      Probability Value Scale: **p<0.01 (Highly Significant); *p<0.05 (Significant); p>0.05 (Not significant) 





Significant Difference in the Performance of Students in the Posttest 
Who Underwent the Implementation of the Chatbot Using 
Solomon’s Model Approach (Experimental Group) 
and Those with No Intervention (Control Group)
Table 5 presents the significant difference in the posttest performance of students who underwent the implementation of chatbot-assisted instruction using Solomon’s Model Approach (experimental group) and those who did not receive any intervention (control group). The results indicated that students in the experimental groups, both with and without pretest, obtained higher mean scores compared to their corresponding control groups. Specifically, the experimental group with pretest scored (M = 88.79), while the control group with pretest scored (M = 86.00). For the groups without pretest, the experimental group achieved (M = 86.26), compared with (M = 84.11) for the control group. The t-values (4.57 for with pretest, 3.94 for without pretest) and p-values (<0.001 for both) indicated highly significant differences between the experimental and control groups, suggesting that chatbot-assisted instruction effectively enhanced students’ posttest performance. Overall, these findings highlighted the positive impact of the intervention on students’ problem-solving performance in mathematics.
In this context, chatbot-assisted instruction served as the primary learning support for the experimental group, where artificial intelligence–based conversational tools such as Gemini, Cici, and ChatGPT were integrated into the learning process. These tools provided students with immediate guidance, step-by-step explanations, and feedback while solving mathematical problems, enabling them to clarify difficult concepts and explore various strategies in problem-solving. Through continuous interaction with these AI-supported platforms, students were given opportunities to practice independently while receiving instant responses to their inquiries. In contrast, the control group did not receive this technological support and instead continued learning through conventional instructional activities without the integration of chatbot tools. This difference in instructional approach provided a basis for examining how the use of chatbot-assisted learning contributed to the improvement of students’ mathematical problem-solving performance in the posttest.
For the groups with pretest exposure, the experimental group that underwent chatbot-assisted instruction achieved (M = 88.79, SD = 5.01), while the corresponding control group obtained (M = 86.00, SD = 4.15). The independent-samples t-test yielded (t = 4.57, p = 0.001), indicating a highly significant difference between the two groups. These results suggest that students who engaged with AI chatbots as part of their learning process were able to perform better in posttest problem-solving tasks compared to those who received only traditional instruction. The higher mean and relatively moderate standard deviation in the experimental group indicate not only improved performance but also consistency in how students benefited from the chatbot intervention.
Similarly, for the groups without pretest exposure, the experimental group achieved (M = 86.26, SD = 3.31), whereas the control group scored (M = 84.11, SD = 3.16). The t-test result (t = 3.94, p < 0.001) also revealed a highly significant difference, demonstrating that even in the absence of prior pretest exposure, students who experienced chatbot-assisted instruction outperformed those in the control group. This finding suggests that the integration of chatbots provided sufficient instructional scaffolding and immediate feedback to enhance comprehension and problem-solving skills independently of prior exposure. 
A comparison of the results both experimental conditions revealed that students in the experimental group consistently outperformed their respective control groups, regardless of pretest exposure. While the mean scores for the experimental group with pretest (88.79) were slightly higher than those without pretest (86.26), both sets of experimental participants achieved significantly higher performance levels than their control counterparts. This comparison highlighted the effectiveness of chatbot-assisted instruction in improving mathematics problem-solving skills and conceptual understanding, emphasizing that the intervention’s positive impact was evident irrespective of baseline assessment.
Several studies have consistently highlighted the effectiveness of artificial intelligence (AI) and chatbot-assisted learning in enhancing students’ academic performance and engagement. Manoj et al. (2024) emphasized that AI-powered educational tools provided personalized assistance, adaptive explanations, and immediate feedback, which supported learners in mastering complex concepts. Akavova et al. (2023) similarly reported that AI systems could monitor student performance in real time and adjust instructional content according to individual learning needs. Strielkowski et al. (2025) noted that AI technologies transformed learning environments by offering flexible, adaptive, and learner-centered experiences, while Lin (2023) highlighted that intelligent tutoring systems served as digital guides through complex tasks. Ke et al. (2024) further emphasized that AI applications promoted individualized learning pathways and fostered the development of higher-order thinking skills. These findings reinforced the results of the present study, indicating that chatbot-assisted instruction provided students with scaffolded support that contributed to improved problem-solving performance.
Research focusing specifically on chatbots in educational settings has demonstrated their positive impact on engagement, motivation, and academic achievement. Alfehaid & Hammami (2023) found that conversational agents in learning environments encouraged students to participate actively and engage in independent learning. Davar (2025) similarly reported that educational chatbots improved academic performance by delivering real-time guidance and facilitating step-by-step problem-solving. Hew et al. (2023) emphasized that the interactive nature of chatbots enhanced motivation by allowing learners to communicate naturally with digital systems. Jayapriya (2025) highlighted that chatbots supported self-directed learning by providing continuous explanations and clarifications, while Mohebbi (2025) found that AI-assisted tools enabled students to access learning support anytime, promoting autonomy and self-regulation. Abbas & Abbas (2025) also noted that AI-driven platforms encouraged exploration of multiple strategies, helping students achieve deeper conceptual understanding. Collectively, these studies demonstrated that the integration of chatbots in instructional practices could enhance learning performance and support higher academic achievement.
Furthermore, AI-supported learning environments were shown to strengthen cognitive development and problem-solving skills across diverse contexts. Correia et al. (2024) reported that AI-assisted instruction improved students’ analytical thinking and performance through scaffolded feedback and adaptive learning tasks. Lin & Chang (2023) highlighted that personalized chatbot interventions promoted engagement and interaction with academic content, while Anders & Speltz (2025) emphasized that generative AI systems supported conceptual understanding and self-regulated learning behaviors. Additionally, research by Mousa (2025) suggested that AI integration facilitated individualized learning, provided formative assessment opportunities, and strengthened retention of learned concepts. These studies collectively supported the current findings that chatbot-assisted instruction significantly enhanced posttest performance, indicating its practical value as a supplementary educational tool. Educators could leverage these insights to incorporate AI technologies alongside traditional teaching methods, ensuring meaningful, interactive, and effective learning experiences that improve student performance in mathematics.
The improvement in the posttest performance of students who underwent chatbot-assisted instruction may be explained through the principles of Constructivist Learning Theory proposed by Jean Piaget (1972) and the Sociocultural Theory of Lev Vygotsky (1978). Constructivist theory emphasizes that learners actively construct knowledge through interaction, exploration, and engagement with learning tasks. The use of chatbots in mathematics instruction allowed students to interact with learning materials, ask questions, and receive immediate explanations, thereby promoting deeper understanding of mathematical concepts. Similarly, Vygotsky’s concept of the Zone of Proximal Development highlights the importance of guidance and scaffolding in learning. Chatbots functioned as supportive tools that provided step-by-step assistance and feedback, enabling students to solve problems that might have been difficult to accomplish independently. Through this guided interaction, learners were able to strengthen their problem-solving abilities, which may explain the higher posttest performance observed among students in the experimental groups compared to those who received no intervention.
The implications of these results suggested that the integration of chatbot-assisted learning could be an effective strategy for improving student performance in mathematics. Educators were encouraged to combine AI-supported tools with structured teaching practices, such as formative assessments, guided problem-solving, and differentiated instruction, to ensure that all learners achieved high levels of performance. Providing opportunities for independent exploration using chatbots nurtured self-directed learning habits, analytical thinking, and problem-solving skills. By leveraging technology alongside traditional instruction, teachers could create meaningful, interactive, and effective learning experiences that supported students in attaining consistently outstanding academic performance, ultimately fostering both competence and confidence in mathematics.

Table 5
Significant Difference in the Performance of Students in the Posttest 
Who Underwent the Implementation of Chatbot Using
Solomon’s Model Approach (Experimental Group) 
and Those with No Intervention (Control Group)
	Variables
	M
	SD
	t value
	p value
	Decision

	With Pretest
	
	
	
	
	

	Experimental Group
	88.79
	5.01
	4.57
	<.001**
	Reject Ho

	W/ Control Group
	86.00
	4.15
	
	
	

	Without Pretest
	
	
	
	
	

	Experimental Group
	86.26
	3.31
	3.94
	<.001**
	Reject Ho

	W/o Control Group
	84.11
	3.16
	
	
	


Ho: There is a high significant difference in the posttest performance of the experimental and control groups
Note:      Probability Value Scale: **p<0.01 (Highly Significant); *p<0.05 (Significant); p>0.05 (Not significant) 



Significant Difference in the Performance of Students in the Posttest 
Between Two Control Groups
Table 6 presents the significant difference in the performance of students in the posttest between the two control groups. The results revealed that Control Group A (with pretest) obtained (M = 86.00), while Control Group B (without pretest) obtained (M = 84.00). Based on the performance scale, both groups were classified under the outstanding performance level. These findings indicated that students in the two control groups demonstrated high levels of mastery of the mathematical concepts assessed in the posttest, even though they were taught using traditional instructional methods without the chatbot intervention.
Control groups under traditional instruction were distinguished by pretest exposure, which served as the primary factor differentiating their learning experience. Control Group A received a pretest prior to instruction, allowing students to familiarize themselves with the types of questions and assess their initial understanding of mathematical concepts, while Control Group B did not take a pretest and proceeded directly to instruction. Both groups engaged in conventional learning activities, where the teacher delivered lessons through explanations, guided practice, and problem-solving exercises without the integration of AI-supported tools. This distinction provided a basis for examining whether prior exposure through pretesting influenced students’ problem-solving performance in the posttest and offered a clear comparison between learning with and without pre-assessment under traditional instructional methods.
For Control Group A, which took the pretest before instruction, achieved (M = 86.00). This suggested that the group had a strong foundation and was able to retain and apply mathematical concepts effectively after the instructional period. The students in this group demonstrated understanding and competence in problem-solving tasks, which reflected their ability to engage with the lessons despite not using chatbot-assisted learning. The administration of the pretest may have provided students with prior exposure to the content, allowing them to anticipate and focus on key areas during instruction. However, the results suggested that the pretest alone was not sufficient to drastically enhance posttest performance when compared to the group that did not receive a pretest.
The Control Group B, which did not take a pretest, obtained a mean performance of 84.00. Although this was slightly lower than that of Control Group A, the difference was not statistically significant (t = 1.98, p = 0.063). The students in this group also performed at an outstanding level, indicating that traditional teaching methods alone were capable of producing high achievement. This finding emphasized that while pre-assessment may provide diagnostic insights for teachers, students could still achieve strong performance through effective conventional instruction that includes clear explanations, guided practice, and reinforcement exercises.
An examination of the posttest comparison between the two control groups showed no significant difference in performance. This confirmed that pretesting alone did not significantly affect learning performance in the traditional classroom setting. Both groups’ outstanding performance indicated that conventional instruction was adequate for teaching the content assessed in the posttest. However, the slightly higher mean in Control Group A suggested that pretests may have some preparatory benefit for students, even if it did not produce a statistically significant impact on performance. 
Research has shown that the use of pre-assessment and traditional teaching methods can influence student learning in several ways, though their effectiveness often depends on how instructional strategies are implemented. Alfageh (2024) emphasized that formative assessments, including pretests, serve primarily as diagnostic tools to identify students’ strengths and weaknesses and are most effective when teachers adjust instruction based on the results. Mukhtarova (2026) reported that traditional instruction, characterized by structured explanations, guided practice, and teacher-led discussions, remains a reliable approach for delivering foundational knowledge, particularly when students are engaged actively during lessons. Haelermans (2022) noted that pretests alone rarely improve learning performance unless the results are used to inform differentiated teaching strategies. Zhu (2024) similarly highlighted that pre-assessment data are useful for planning purposes, but they do not directly enhance performance unless integrated with targeted interventions.
Nguyen (2022) emphasized that high-quality traditional instruction, when combined with effective scaffolding, ensures that students acquire the necessary skills and knowledge to perform at high levels. Gosztonyi & Varga (2023) both pointed out that teacher guidance, step-by-step problem-solving demonstrations, and structured practice are critical in supporting learners’ mastery of content, particularly in mathematics. Cooney (2025) further suggested that the combination of formative assessment, timely feedback, and well-structured lessons enhances student engagement and helps learners internalize concepts effectively. Hansen (2023) underscored that learning performance improve when students are provided multiple opportunities to apply concepts through guided exercises and classroom activities, which strengthens their retention and conceptual understanding.
Javed (2023) highlighted that explicit teaching techniques in traditional classrooms, such as modeling and continuous questioning, positively influence student learning by promoting deeper cognitive processing. Opana & Guantai (2025) noted that instructional clarity, feedback, and practice routines are essential in traditional settings to achieve high levels of student performance. Tang (2023) emphasized that teacher-centered methods can be highly effective if combined with opportunities for independent practice and peer collaboration, which help students consolidate learning. Bairbayeva (2023) reported that structured, teacher-led instruction ensures equitable access to learning, enabling students with different abilities to achieve academic success. Collectively, these studies suggested that traditional instruction, when executed effectively, can result in high student achievement and provide a solid foundation for understanding academic concepts.
Several researchers also explored the role of pre-assessment in enhancing learning performance. Soderstrom & Bjork (2023) reported that pretests can motivate students to focus on critical content areas, while Gamage (2025) emphasized that pre-assessments guide learners’ attention and self-regulated learning strategies. According to Samaila & Al-Samarraie (2024) pretests alone do not guarantee improved performance but can create awareness of learning objectives, prompting students to engage more effectively in lessons. Research also indicated that combining pre-assessment with traditional teaching practices, such as guided instruction and scaffolded exercises, leads to improved performance, even in the absence of digital tools (Kusumoriny, 2025). This body of literature collectively supports the present study’s findings that the two control groups performed at outstanding levels, yet pretesting alone was not sufficient to create significant differences between groups.
Furthermore, studies highlighted the importance of instructional support in bridging gaps for students who may not initially achieve top performance. Criss et al. (2024) argued that clear learning targets and teacher feedback enhance student understanding, while Zahid & AlManiam (2025) emphasized formative guidance as essential in moving learners from satisfactory to outstanding performance. Maftuna (2025) also noted that scaffolding exercises, continuous practice, and structured review sessions are key in supporting learners’ progression. These studies reinforce the notion that while the control groups performed well under traditional instruction, additional targeted interventions could further improve individual performance and ensure consistent achievement at the highest level.
The posttest performance of students in the two control groups may be explained through the principles of Constructivist Learning Theory proposed by Jean Piaget (1972) and Behaviorist Learning Theory of B.F. Skinner (1954). Constructivist theory suggests that learners build new knowledge by connecting it to prior experiences, which may account for the slightly higher mean performance observed in Control Group A that received a pretest before instruction. The pretest likely activated prior knowledge, enabling students to focus on key concepts during learning. Meanwhile, Behaviorist theory emphasizes the role of guided practice, reinforcement, and structured instruction in shaping learning performance. The outstanding performance of both control groups indicates that, even without pre-assessment, traditional instruction with clear explanations, exercises, and feedback provided sufficient scaffolding for students to achieve mastery in mathematical problem-solving. Together, these theories explain why both groups performed at an outstanding level, despite the absence of chatbot-assisted learning.
The results implied that while students in both control groups achieved outstanding performance, relying solely on pre-assessment was not sufficient to maximize learning performance. Educators could implement additional support strategies to ensure that all students consistently achieved top-level performance. These strategies may include providing differentiated instruction for students who demonstrate areas of difficulty, implementing scaffolded problem-solving exercises, offering supplemental practice sessions, and promoting collaborative learning opportunities. Moreover, teachers could incorporate timely formative feedback and monitor progress regularly to identify and address learning gaps. By combining traditional instruction with these targeted strategies, educators could further enhance students’ problem-solving skills, conceptual understanding, and overall academic achievement, helping all learners move toward consistently outstanding performance.

Table 6
Significant Difference in the Performance of Students in the Posttest Between Two Control Groups 
	Variables
	M
	SD
	t value
	p value
	Decision

	Control Group A
 (with Pretest)
	86.00
	3.54
	1.98
	>0.063
	Fail to Reject Ho

	Control Group B 
(Without Pretest)
	84.00
	3.16
	
	
	


Ho: There is no significant difference in the performance of students in the posttest between two control groups 
Note:      Probability Value Scale: **p<0.01 (Highly Significant); *p<0.05 (Significant); p>0.05 (Not significant) 





Significant Difference in the Performance of Students in the Posttest 
Between the Two Experimental Groups
Table 7 presents the significant difference in the performance of students in the posttest between the two experimental groups after the implementation of the chatbot using Solomon’s Model Approach. The results showed that the experimental group with pretest obtained (M = 88.79), while the experimental group without pretest obtained (M = 86.26). Based on the performance scale, both groups were classified under the outstanding category, indicating that students in both experimental groups achieved high levels of mastery in the mathematical concepts assessed. These findings suggested that the integration of chatbot-assisted instruction effectively supported the improvement of students’ problem-solving skills and conceptual understanding in mathematics.
The experimental groups under chatbot-assisted instruction were distinguished by the implementation of AI-based learning tools, which served as the primary factor differentiating their learning experience. The independent variable, chatbot-assisted instruction using Solomon’s Model Approach, was operationalized through interactive tools such as Gemini, Cici, and ChatGPT, which guided students through mathematical problem-solving activities, provided immediate feedback, and clarified complex concepts. The dependent variable, students’ posttest performance, reflected their mastery of mathematical content and problem-solving skills after the intervention. Additionally, the presence or absence of a pretest was considered as a moderating factor, allowing students to either familiarize themselves with the types of questions before instruction or proceed directly to learning. This distinction provided a basis for examining how AI-supported instruction influenced posttest performance and offered a clear comparison of learning effectiveness with and without prior exposure.
The results for Experimental Group A (with pretest) indicated that students who had undergone a pre-assessment before the intervention performed exceptionally well, achieved (M = 88.79). This suggested that prior exposure through pretesting, combined with chatbot-assisted learning, supported students in reinforcing their understanding of mathematical concepts and applying problem-solving strategies effectively. The structured guidance offered by the chatbots helped students navigate complex problems, practice different approaches, and receive real-time feedback, which strengthened their analytical skills.
Meanwhile, Experimental Group B (without pretest) also demonstrated outstanding performance (M = 86.26). Although slightly lower than the pretested group, this finding indicated that the chatbot intervention was effective even without prior pre-assessment. The use of chatbots allowed students to independently explore mathematical procedures, ask questions, and receive immediate explanations, which facilitated understanding and promoted active engagement with the learning materials. This suggested that the chatbot-assisted instruction could support students’ learning regardless of prior exposure to the lesson content.
An examination of the difference between the two experimental groups revealed no statistically significant difference in their posttest performance (t = 2.02, p = 0.058), confirming that both groups achieved similarly high levels of performance. Despite the slight variation in mean scores, the overall achievement of both groups was outstanding. This finding suggested that the chatbot intervention was consistently effective and that pretesting did not substantially alter the learning performance, demonstrating the robustness of AI-supported instruction in improving students’ problem-solving abilities.
Several studies highlighted the growing significance of artificial intelligence and chatbot-assisted learning in enhancing students’ academic performance, particularly in mathematics and problem-solving. Kovalchuk et al. (2025) emphasized that AI-powered educational tools, such as chatbots, can deliver personalized learning pathways and adaptive support that respond to each student’s knowledge level, learning pace, and problem-solving approach. Similarly, Chang et al. (2023) argued that AI-based systems in education promote engagement by monitoring student interactions, offering tailored feedback, and presenting scaffolded guidance during learning activities. Wu et al. (2024) further noted that AI technologies have the capacity to transform learning environments by facilitating flexible, individualized, and self-paced learning experiences, which help students develop deeper conceptual understanding and critical thinking skills. Mohebbi (2025) also highlighted that AI tools act as intelligent tutors, guiding learners through complex tasks and providing immediate feedback, which promotes cognitive skill development and learner autonomy. Saar et al. (2025) stressed that AI-supported educational applications help students follow personalized learning pathways that enhance higher-order thinking and academic achievement.
Specifically on chatbot-assisted learning, several studies demonstrated their effectiveness in motivating students and improving engagement. Baskara (2023) reported that chatbots create interactive, conversational environments that mimic teacher–student dialogue, promoting participation and independent learning. Davar et al. (2023) found that chatbots improve academic performance by responding to student queries in real time, guiding them through problem-solving steps, and offering hints or explanations to clarify difficult concepts. Alfehaid & Hammami (2023) emphasized that conversational agents enhance motivation and engagement by allowing learners to interact naturally with digital learning systems. Jayapriya (2025) noted that chatbots foster self-directed learning, encourage repeated practice, and help students consolidate knowledge through iterative guidance. Rizki & Kusumah (2025) highlighted that AI-based learning systems, including chatbots, scaffold instruction and provide adaptive feedback, which is crucial for strengthening problem-solving skills and conceptual understanding in mathematics.
Other studies also reinforced the pedagogical benefits of AI and chatbot technologies in educational contexts. Abidin et al. (2025) found that AI-assisted learning environments provide opportunities for students to explore multiple problem-solving strategies, promoting flexible thinking and analytical reasoning. Ait Baha et al. (2024) reported that chatbot integration in classrooms supports personalized and engaging learning experiences, increasing students’ interaction with course materials. Chang et al. (2023) noted that students using AI chatbots could access learning assistance anytime, fostering independent learning habits and self-regulation. ElSayary (2024) highlighted that AI tools, including generative and conversational agents, enhance academic engagement, metacognitive skills, and conceptual comprehension across different contexts. In addition, Alam et al. (2026) demonstrated that AI-supported instruction improves knowledge retention and student confidence in applying learned concepts. Klar (2025) emphasized that intelligent tutoring systems, including chatbots, can reduce cognitive load by breaking complex tasks into manageable steps, which helps learners internalize mathematical reasoning more effectively. Lastly, David et al. (2022) found that chatbots enhance collaborative learning opportunities, as students can share strategies, receive peer feedback, and consolidate understanding in guided virtual environments. Collectively, these studies provided strong evidence that the use of AI-powered chatbots in the classroom can substantially improve students’ learning performance, engagement, and problem-solving abilities. They supported the findings of the present study, which indicated that both experimental groups achieved outstanding performance in the posttest after the implementation of chatbot-assisted instruction. The extensive literature suggested that integrating AI tools like Gemini, Cici, and ChatGPT can provide individualized guidance, scaffolded practice, and interactive feedback, all of which are essential for fostering mastery of mathematical concepts and promoting higher-order thinking skills among learners.
The outstanding posttest performance of both experimental groups may be explained through the principles of Constructivist Learning Theory proposed by Jean Piaget (1972) and the Sociocultural Theory of Lev Vygotsky (1978). Constructivist theory emphasizes that learners actively construct knowledge by interacting with learning materials, exploring concepts, and engaging in problem-solving activities. In this study, the use of chatbots provided opportunities for students to practice independently, receive immediate explanations, and test multiple problem-solving strategies, thereby promoting deeper understanding and mastery of mathematical concepts. Similarly, Vygotsky’s concept of the Zone of Proximal Development highlights the importance of guidance and scaffolding in learning. Chatbots acted as interactive scaffolds, providing step-by-step support and instant feedback, which allowed students to solve problems that might have been difficult to accomplish independently. The high performance of both pretested and non-pretested groups indicates that AI-assisted instruction effectively facilitated cognitive development and problem-solving competence, demonstrating that the chatbots’ guidance could support learning regardless of prior exposure to the content.
The implications of these findings suggested that chatbot-assisted instruction could be widely adopted to improve student learning in mathematics. Teachers were encouraged to integrate AI-supported tools like Gemini, Cici, and ChatGPT in classroom instruction to facilitate personalized feedback, scaffolded problem-solving, and independent learning. Students could benefit from continuous access to these digital learning resources, which would allow them to develop critical thinking and problem-solving skills regardless of their prior exposure to assessments. Moreover, structured instructional guidance and targeted support could help ensure that all learners achieve consistently outstanding performance, bridging gaps for students who might initially perform slightly lower than their peers.

Table 7
Significant Difference in the Performance of Students in the Posttest Between the Two Experimental Groups
	Variables
	M
	SD
	t value
	p value
	Decision

	Experimental Group A 
(with Pretest)
	88.79
	4.30
	2.02
	0.058
	Fail to Reject Ho

	Experimental Group B (Without Pretest)
	86.26
	3.31
	
	
	


Ho: There is no significant difference in the performance of students in the posttest between the two experimental groups
Note:      Probability Value Scale: **p<0.01 (Highly Significant); *p<0.05 (Significant); p>0.05 (Not significant) 





Interaction Effect Between the Pretest and the Implementation of Chatbot
 Using Solomon’s Model Approach on Students' Performance
Table 8 presents the results of the two-way analysis of variance (ANOVA) examining the interaction effect between pretest status and the implementation of chatbot-assisted instruction using Solomon’s Model Approach on students’ performance. The analysis aimed to determine whether the effect of the chatbot intervention on students’ performance was influenced by whether or not the students had taken the pretest. The results revealed that pretest status had a statistically significant effect on students’ performance, with F(1,72) = 7.14 and p = 0.009, indicating a meaningful difference in performance between students who completed the pre-assessment and those who did not.
The context involved two main variables. The pretest status and chatbot-assisted instruction. Pretest status reflected whether students had completed a pre-assessment prior to the intervention, serving as a measure of prior knowledge and readiness. Chatbot-assisted instruction was operationalized through AI-powered conversational agents such as Gemini, Cici, and ChatGPT, which guided students through problem-solving activities, provided immediate feedback, and offered step-by-step explanations of mathematical concepts. The dependent variable, students’ performance, was measured using posttest scores based on a standardized scale ranging from “did not meet expectations” to “outstanding performance.” Using a Solomon four-group design allowed the study to examine both the individual and combined effects of pre-assessment and AI-supported instruction on students’ mathematical problem-solving performance.
The implementation of chatbot-assisted instruction also had a statistically significant effect on students’ performance, with F(1,72) = 8.94 and p = 0.004. This indicates that students exposed to chatbot-assisted learning performed significantly better than those who received traditional instruction without AI support. However, the interaction effect between pretest status and the chatbot intervention was not statistically significant, F(1,72) = 0.15, p = 0.704, which is greater than the 0.05 level of significance. Therefore, the null hypothesis was accepted, suggesting that the effect of chatbot-assisted instruction on students’ performance was consistent regardless of whether students had prior exposure through the pretest. This finding highlights the robustness of AI-supported learning in enhancing problem-solving performance independently of pre-assessment.
The significant effects of both pretest status and chatbot-assisted instruction on students’ performance can be explained through the principles of Constructivist Learning Theory proposed by Jean Piaget (1972) and Sociocultural Theory of Lev Vygotsky (1978). Constructivist theory emphasizes that learners actively build knowledge by connecting new information to prior experiences, which aligns with the finding that students with pretest exposure performed slightly higher, as the pre-assessment may have activated prior knowledge and prepared them for instruction. Vygotsky’s concept of the Zone of Proximal Development highlights the importance of scaffolding and guided support in learning. In this study, chatbots served as interactive scaffolds, providing step-by-step guidance, immediate feedback, and clarification of complex concepts, enabling students to solve problems that might have been challenging independently. The non-significant interaction effect suggests that the scaffolding provided by the chatbot was sufficient to support learning regardless of prior pre-assessment, demonstrating that AI-assisted instruction can effectively enhance problem-solving performance and conceptual understanding in mathematics for all students.
Extensive research has consistently highlighted the benefits of artificial intelligence (AI) and chatbot-assisted learning in improving student performance. Kasneci et al. (2023) emphasized that AI-powered educational tools, including chatbots, enhance learning experiences by offering personalized guidance, adaptive feedback, and tailored instructional support, which allow students to progress at their own pace. Similarly, Tlili et al. (2023) reported that intelligent learning systems provide adaptive support based on learners’ individual needs, contributing to higher engagement, motivation, and academic performance. Dwivedi et al. (2023) further indicated that AI technologies foster flexible and personalized learning opportunities, encouraging students to develop critical thinking and analytical skills while exploring multiple problem-solving strategies. Holmes and Tuomi (2022) explained that intelligent tutoring systems act as digital mentors, providing real-time feedback and scaffolding that guide learners through complex tasks, enhancing their conceptual understanding. Zawacki-Richter et al. (2019) also underscored that AI applications in education create individualized learning pathways that promote higher-order thinking and problem-solving abilities.
Focusing specifically on chatbot technologies, several studies documented their effectiveness in classroom settings. Wollny et al. (2021) found that chatbot-assisted learning increased students’ engagement and participation, simulating natural teacher–student interactions and promoting independent learning. Okonkwo and Ade-Ibijola (2021) demonstrated that chatbots improve problem-solving performance by providing immediate responses to students’ inquiries and supporting step-by-step understanding of mathematical procedures. Følstad et al. (2021) highlighted that conversational agents enhance motivation and accessibility, allowing students to interact with learning materials more intuitively. Winkler and Söllner (2022) similarly reported that chatbots promote self-directed learning and knowledge reinforcement, supporting continuous cognitive development. Hwang and Tu (2021) emphasized that AI-assisted systems scaffold learning processes, enabling students to build confidence in their abilities and improve problem-solving skills over time. Huang et al. (2023) indicated that AI tools facilitate exploration of multiple strategies, deepening learners’ conceptual understanding and fostering higher cognitive engagement.
Other recent studies confirmed the transformative potential of AI in supporting academic performance and cognitive development. Kuhail et al. (2023) showed that AI-powered chatbots enhance learner engagement and promote interactive learning experiences that support academic success. Alneyadi et al. (2023) reported that AI chatbots enable continuous access to explanations and guidance, helping students develop self-regulation and independent learning habits. Firat (2023) observed that AI-supported conversational agents significantly improve conceptual understanding, engagement, and problem-solving capabilities across diverse educational contexts. Raj et al. (2022) found that chatbots in mathematics instruction reduce cognitive load and support scaffolded learning, leading to improved mastery of complex concepts. VanLehn (2022) emphasized that AI tutoring systems enhance knowledge retention and learning efficiency, particularly when combined with real-time feedback mechanisms. Li et al. (2024) further demonstrated that integrating AI tools into instruction promotes collaborative learning, critical thinking, and adaptive problem-solving. Collectively, these studies reinforce the present findings, indicating that chatbot-assisted instruction can consistently improve learning performance, independent of pretest exposure, by supporting personalized, interactive, and scaffolded learning experiences.
	The implications of these findings suggest that educators can confidently integrate chatbot-assisted instruction into mathematics and other subject areas without being constrained by students’ prior exposure or pretest scores. Teachers may focus on designing interactive and scaffolded chatbot activities that provide personalized feedback, guided practice, and real-time support. For students who initially struggle with mathematical concepts, targeted interventions such as adaptive AI-based exercises, small group problem-solving sessions, and peer-assisted learning can further strengthen their understanding and performance. Moreover, schools and administrators may consider implementing professional development programs to help teachers effectively utilize AI tools and integrate them with traditional instruction. Overall, the results underscored that AI-powered chatbots have the potential to improve learning performance consistently, ensuring that students achieve mastery regardless of initial readiness or prior assessment exposure.

Table 8
Interaction Effect Between the Pretest and the Implementation of Chatbot Using Solomon’s Model Approach on Students' Performance
	Source
	df
	SS
	MS
	F
	p

	Pretest Status
	1
	92.84
	92.84
	7.14
	0.009

	Intervention (Chatbots)
	1
	116.26
	116.26
	8.94
	0.004

	Pretest Status × Intervention
	1
	1.89
	1.89
	0.15
	0.704

	Error
	72
	936.63
	13.01
	
	

	
	
	
	
	
	


Ho: There is no interaction effect between the pretest and the integration of Chatbot Using Solomon’s Model Approach on Students' Performance
Note. SS = Sum of Squares; MS = Mean Square; p < .05 indicates statistical significance.

Conclusions and Recommendations
The findings of the study revealed that students initially demonstrated very low levels of mathematical performance, indicating insufficient prior knowledge and limited problem-solving skills before instruction. Both traditional instruction and chatbot-assisted instruction contributed to significant improvements in students’ mathematical performance, enabling learners to achieve the required level of competence. However, chatbot-assisted instruction proved to be more effective, as a greater number of students attained higher levels of competence and improved mathematical problem-solving performance compared to those who received only traditional instruction. The results further showed that students in the control and experimental groups started at comparable levels of performance prior to the intervention, ensuring the validity of the comparison between instructional approaches. Moreover, pretest exposure did not significantly influence students’ performance under traditional instruction, and chatbot-assisted instruction remained consistently effective regardless of whether students were exposed to a pretest. These findings demonstrate that chatbot-assisted instruction has a stable and independent effect in enhancing students’ mathematical performance and problem-solving abilities.
Mathematics teachers may provide intensive and structured instructional support at the beginning of instruction to address students’ low prior knowledge and strengthen foundational mathematical problem-solving skills. Teachers may also continue to implement effective traditional teaching strategies, such as guided practice, clear explanations, and timely feedback, to sustain students’ achievement of the required level of competence. In addition, mathematics teachers may integrate chatbot-assisted instruction into classroom practices and maximize its use alongside traditional teaching methods to further improve students’ mathematical performance and promote higher levels of competence. Diagnostic assessments may also be conducted to identify students’ baseline knowledge and guide the development of targeted and differentiated instructional strategies. Since pretest exposure does not significantly affect learning outcomes, teachers may adopt flexible instructional approaches and implement chatbot-assisted instruction regardless of students’ prior exposure to pretests. School administrators and the Human Resource Department may support the effective integration of chatbot-assisted instruction by providing adequate training, resources, and access to AI-based learning tools. Students may actively engage with chatbot-assisted learning platforms to deepen their understanding of mathematical concepts, enhance problem-solving skills, and develop greater responsibility for their own learning. Finally, future researchers may conduct further studies exploring additional variables, contexts, and long-term effects of chatbot-assisted instruction to further validate and expand the findings of this study.
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