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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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Chapter 1 

 

INTRODUCTION  

Rationale of the Study 

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 
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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 
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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 
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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 
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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 
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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. 

 

Theoretical Framework 

 

This study is grounded in Vygotsky’s (1978) Social Constructivist Theory and 

Bandura’s (1977) Social Learning Theory, both of which emphasize that learning occurs 

through interaction, collaboration, and meaningful engagement with tools, peers, and the 

environment. These theoretical perspectives support integrating AI-powered chatbots into 

mathematics education as mediators of cognitive and social development, aligning with the 

study’s objective to enhance students’ mathematical performance and motivation through 

technology-based learning. 

According to Vygotsky’s Social Constructivist Theory, learning is a socially 

mediated process in which individuals construct knowledge through interaction and 

dialogue within their Zone of Proximal Development (ZPD) (Fosnot & Perry, 2023). 

Learners acquire understanding not in isolation but through guided assistance from 
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teachers, peers, or digital tools. Chatbots, as intelligent conversational agents, can function 

as virtual facilitators, providing scaffolding and feedback as students progress through 

problem-solving tasks. They respond to learners’ queries, clarify misconceptions, and 

encourage reflective thinking—roles similar to those of a teacher or peer within the ZPD 

(Camacho-Zuñiga, 2023). By simulating an interactive dialogue, chatbots help students 

move from dependence on external support to independent problem-solving, consistent 

with Vygotsky’s notion of cognitive internalization. 

The present study applies these theories to mathematics learning, which 

necessitates guided discovery and the connection of new concepts to prior knowledge 

through social and technological mediation. Chatbots function as cognitive scaffolds, 

fostering conceptual understanding by offering step-by-step guidance, interactive 

examples, and feedback loops that reinforce accurate reasoning. In this context, AI-driven 

interactions embody the principles of social constructivism by promoting learning through 

dialogue and active engagement rather than passive reception. Chatbot-assisted learning 

encourages students to explore, question, and construct their own understanding of 

mathematical concepts, thereby promoting higher-order thinking and autonomy. 

Furthermore, this study is also grounded in Albert Bandura’s (1977) Social Learning 

Theory, which posits that individuals learn through observation, imitation, and modeling. 

Learning occurs not only through direct experience but also vicariously by observing 

others’ actions and the consequences that follow. Bandura’s theory highlights the 

interaction among behavioral, cognitive, and environmental factors—an approach known 

as reciprocal determinism—which aligns with how learners engage with chatbots in digital 

learning environments. When using chatbots, students observe problem-solving 
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demonstrations, analyze step-by-step solutions, and then imitate these processes when 

solving similar problems independently (Jančařík et al., 2023). The chatbot serves as a 

virtual model, demonstrating appropriate mathematical reasoning and feedback, while the 

learner internalizes and reproduces these strategies in subsequent tasks. This theoretical 

foundation is particularly pertinent to the application of Solomon’s Four-Group 

Experimental Design in the study, as it facilitates the examination of changes in students’ 

behavior, performance, and motivation before and after exposure to chatbot-based learning. 

Consistent with Bandura’s theory, the pretest establishes a baseline of knowledge and 

attitudes, while the posttest assesses learning outcomes following the introduction of 

modeled behaviors and feedback via chatbot interaction. A significant improvement in 

posttest performance among experimental groups would support Bandura’s concept of 

observational learning, indicating that students both observed and internalized the 

mathematical reasoning demonstrated by the chatbot. 

The integration of these two theories offers a comprehensive perspective on 

learning in the digital age. Vygotsky’s Social Constructivist Theory elucidates the 

cognitive and social processes underpinning learning through dialogue, scaffolding, and 

interaction, while Bandura’s Social Learning Theory addresses behavioral changes 

resulting from modeled examples and feedback. Collectively, these theories justify the 

pedagogical use of chatbots as tools that merge social interaction, observation, and 

cognitive scaffolding to enhance mathematical understanding and motivation. 

Accordingly, the theoretical framework supports the premise that chatbot-assisted 

instruction, when implemented within a robust experimental design, can significantly 

improve learners’ mathematical performance, confidence, and engagement. 
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Conceptual Framework 

The integration of chatbots as digital learning tools constitutes a significant 

innovation in mathematics education, providing interactive, personalized, and adaptive 

support that aligns with the demands of 21st-century teaching (Nobis, 2025). These AI-

powered conversational agents employ natural language processing to simulate human 

dialogue, offering immediate feedback, guided explanations, and scaffolded assistance as 

students engage in mathematical tasks (Martínez-Téllez, 2023). Through adaptive 

interaction, chatbot-assisted learning fosters learner autonomy, engagement, and deeper 

conceptual understanding, thereby addressing the limitations of traditional instruction, 

which often prioritizes procedural knowledge over meaningful learning (Danaee, 2025). 

Guided by Solomon’s Four-Group Experimental Design, this study examines the 

effectiveness of chatbot-assisted learning in improving students’ mathematical 

performance while controlling for potential pretest sensitization effects (Solomon, 1949). 

In this framework, chatbot-assisted learning is the independent variable, and students’ 

mathematical performance, assessed through pretest and posttest scores, is the dependent 

variable. 

The framework employs a structured sequence aligned with the study’s objectives. 

Initially, it assesses students' pretest performance in both the control and experimental 

groups to establish baseline equivalence before the intervention, and determines whether 

significant differences exist between groups before chatbot implementation. The study then 

proceeds with two instructional conditions: control groups receive traditional mathematics 

instruction without chatbot intervention, while experimental groups participate in chatbot-

assisted learning. Following the instructional period, posttest performance is evaluated for 
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both control and experimental groups to measure learning outcomes under each condition. 

The framework then conducts comparative analyses to determine significant differences 

between pretest and posttest performances across groups, assess the effectiveness of the 

chatbot intervention, and evaluate the consistency of results within the Solomon design. 

Finally, it examines the interaction between pretest exposure and chatbot-assisted learning 

to determine whether pretest exposure influences posttest performance. This approach 

enables the isolation of the intervention's true effect and clarifies whether performance 

improvements are attributable to the chatbot rather than testing effects. 

The conceptual model posits that students engaged in chatbot-assisted learning 

benefit from personalized scaffolding, immediate feedback, and guided problem-solving, 

leading to enhanced conceptual understanding, increased engagement, and reduced 

mathematics anxiety. As a result, these students are expected to achieve significantly 

higher mathematical performance compared to those receiving traditional instruction. This 

supports the premise that technology-enhanced, constructivist-based learning 

environments improve outcomes through adaptive and student-centered instructional 

approaches (Awang et al., 2025). 
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Figure 1. Schematic Diagram of the Study 
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Statement of the Problem 

This 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? 
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Null Hypothesis 

Ho1: There is no significant difference in the performance of students in the pretest between 

control and experimental groups. 

Ho2: There is no significant difference in the performance of students in the post-test who 

underwent the chatbot using Solomon’s Model Approach (experimental group) and 

those with no intervention (control group). 

Ho3: There is no significant difference in the performance of students in the post-test 

between two control groups. 

Ho4: There is no significant difference in the performance of students in the post-test 

between two experimental groups. 

Ho5: There is no interaction effect between the pretest and the implementation of chatbot 

using Solomon’s Model Approach on students' outcomes. 
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Chapter 2 

 

 

 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 



15 
 

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 



16 
 

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. 
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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 

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  
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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 



19 
 

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 Considerations  

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. 
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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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



21 
 

Chapter 3 

 

 

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 indicates that, prior to the intervention, 

students in both groups demonstrated very low mastery of the mathematical concepts 

assessed in the pretest. The findings suggest 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 
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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 indicates 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 suggests 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 indicates 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 

emphasize 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 
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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. 
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(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 
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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) 
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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 indicates 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 suggest 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. 
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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 indicate 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 suggests 

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 indicate 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 suggests 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 
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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 
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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. 
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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 suggest 
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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 
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average score.” None of the students were classified under lower performance levels. These 

findings indicate 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 suggest 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 suggests 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. 
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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 
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(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 imply 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 
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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 indicate that 
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students in both groups demonstrated limited mastery of mathematical concepts and 

problem-solving skills before the intervention. The results suggest 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 suggest that, before the intervention, the 

experimental group required additional instructional support to strengthen their mastery of 

mathematical problem-solving. 
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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-
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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 
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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 are 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. 
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The results imply 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 suggests 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. 
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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. 
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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. 
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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 highlights 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 
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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. 
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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 
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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 suggest 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. 
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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 indicate 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 
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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 emphasizes that while pre-assessment may 

provide diagnostic insights for teachers, students could still achieve strong performance 
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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. 
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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 
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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 
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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 imply 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. 
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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 suggest 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 
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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 suggests 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 suggests that the chatbot-
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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 suggests 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 
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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 
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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 
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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 suggest 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. 
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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 
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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 
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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. 
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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 
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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 underscore 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. 
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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. 
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Chapter 4 

 

 

SUMMARY, FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS 

 

 

Summary 

This study examined the effectiveness of chatbot-assisted instruction using 

Solomon’s Four-Group Model in enhancing students’ learning outcomes in Mathematics 

during the School Year 2025–2026. The following research questions were used: (1) What 

are the students' outcomes in the pretest for the control and experimental groups before the 

implementation of 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; (3) What are the students' outcomes 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 outcomes of students in the pretest between the control and 

experimental groups; (5) Is there a significant difference in the performance of students in 

the posttest between the experimental group and the control group; (6) Is there a significant 

difference in the outcomes of students in the posttest between the two control groups; (7) 

Is there a significant difference in the outcomes of students in the posttest between the two 

experimental groups; and (8) Is there a significant interaction effect between the pretest 

and the implementation of chatbot-assisted instruction on students' learning outcomes for 

the experimental group. 

The participants of the study were students enrolled in Mathematics, who were 

assigned into four groups: two experimental groups (with and without pretest) and two 

control groups (with and without pretest). The study employed a quasi-experimental 

research design utilizing the Solomon Four-Group Model to control for the possible effects 
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of pretesting on students’ performance. The chatbot-assisted instruction served as the 

independent variable, while students’ learning outcomes in Mathematics were treated as 

the dependent variable. The pretest and posttest were used as instruments to measure 

students’ performance across groups. The statistical tools used in the study included mean, 

standard deviation, independent samples t-test, paired samples t-test, and two-way 

ANOVA to determine differences and interaction effects.  

 

Findings 

 

The study yielded the following findings: 

1. Students in both the control and experimental groups demonstrated very low 

performance in the pretest, with all participants categorized as does not meet the minimum 

expectation, indicating limited prior knowledge and problem-solving skills in mathematics. 

2. Students in the control groups demonstrated high performance in the posttest, 

achieving meets minimum competence with over and above average score, showing that 

traditional instruction improved students’ mathematical performance. 

3. Students in the experimental groups demonstrated high to very high performance 

in the posttest, with a greater proportion reaching meets minimum competence with 

exceptional score, indicating improved mastery of mathematical concepts after chatbot-

assisted instruction. 

4. There was no significant difference in the pretest performance between the 

control and experimental groups, indicating that both groups were comparable at baseline. 

5. There was a significant difference in the posttest performance between students 

who received chatbot-assisted instruction and those who did not, with the experimental 

groups obtaining higher mean scores. 
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6. There was no significant difference in the posttest performance between the two 

control groups, indicating that pretest exposure did not significantly influence performance 

under traditional instruction. 

7. There was no significant difference in the posttest performance between the two 

experimental groups, indicating that chatbot-assisted instruction was effective regardless 

of pretest exposure. 

8. There was no significant interaction effect between pretest status and chatbot-

assisted instruction, indicating that the effectiveness of the chatbot intervention was 

consistent regardless of whether students took the pretest. 

 

Conclusion 

Based on the findings of the study, the following conclusions were drawn: 

 

1. Students initially demonstrate very low levels of mathematical performance, 

indicating insufficient prior knowledge and problem-solving skills before instruction. 

2. Traditional instruction effectively improves students’ mathematical 

performance, enabling them to achieve the required level of competence. 

3. The use of chatbot-assisted instruction further enhances students’ mathematical 

performance, with more students achieving higher levels of competence. 

4. Students in the control and experimental groups begin at comparable levels of 

performance prior to the use of chatbot-assisted instruction. 

5. The use of chatbot-assisted instruction is more effective than traditional 

instruction in improving students’ mathematical problem-solving performance. 

6. Pretest exposure does not significantly influence students’ performance under 

traditional instruction. 
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7. The use of chatbot-assisted instruction remains effective regardless of whether 

students are exposed to a pretest. 

8. The effectiveness of chatbot-assisted instruction is independent of pretest 

exposure, demonstrating its consistent impact on improving students’ mathematical 

performance. 

 

Recommendations 

 

Based on the findings, the following recommendations are proposed: 

1. Mathematics teachers may provide intensive and structured instructional 

support, particularly at the beginning of instruction, to address students’ low prior 

knowledge and strengthen foundational problem-solving skills. 

2. Mathematics teachers may 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. 

3. Mathematics teachers may integrate chatbot-assisted instruction in classroom 

practices to further enhance students’ mathematical performance and support the 

development of higher levels of competence. 

4. Mathematics teachers may conduct diagnostic assessments to determine 

students’ baseline knowledge and use the results to design targeted and differentiated 

instructional strategies. 

5. Mathematics teachers may maximize the use of chatbot-assisted instruction 

alongside traditional teaching methods to improve students’ problem-solving performance 

more effectively. 
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6. Mathematics teachers may utilize flexible instructional approaches, as pretest 

exposure is not necessary to achieve improved learning outcomes under traditional 

instruction. 

7. Mathematics teachers may implement chatbot-assisted instruction regardless of 

students’ prior exposure to pretests, as it remains effective in enhancing learning 

performance. 

8. School administrators and Human Resource Department may support the 

integration of chatbot-assisted instruction by providing training, resources, and access to 

AI-based learning tools to ensure its effective implementation. 

9. Students may actively engage in chatbot-assisted learning tools to improve their 

understanding of mathematical concepts, enhance their problem-solving skills, and take 

greater responsibility for their own learning. 

10. Future researchers may conduct further studies exploring other variables, 

contexts, and long-term effects of chatbot-assisted instruction to expand and validate the 

findings of this study. 
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Appendix A 

 

PRETEST QUESTIONS 

 

Name _______________________________________________ Section__________ 

 

Group ______________________________________________  Score ___________ 

 

I. Multiple Choice 

Directions: Read each statement carefully. Identify the letter containing the correct 

answer. Write the letter on the space provided on the answer sheet.  

 

1. It discusses the type of learning environment that the institution aims to offer students 

so they can become  

globally-competitive individuals.  

a. Goals    

b. Objectives   

c. Philosophy   

d. Vision   

2. It outlines the goal of making Misamis University a globally renowned university. 

a. Goals     

b. Objectives   

c. Philosophy   

d. Vision   

3. It is the kind of assessment strategy that Misamis University wants to provide to the  

students/learners so that they can acquire crucial life skills. 

a. Authentic    

b. Summative   

c. Formative   

d. Diagnostic   

4. Based on Misamis University’s mission, a holistic individual is the following, 

EXCEPT: 

a. Competitive   

b. Innovative   

c. God-fearing   

d. Adaptable  
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5. This refers to the ability of an individual to generate new ideas or create novel 

solutions to solve problems.  

a. Innovative   

b. Compassionate  

c. Adaptable  

d. Excellence   

6. This core value of Misamis University refers to being humane, kind, and sensitive 

towards those who are vulnerable or need assistance.      

a. Innovative   

b. Compassionate  

c. Excellence   

d. Adaptable   

7. This core value encourages all members in the academic community to put up their 

best efforts  

in order to create exemplary results. 

a. Compassion   

b. Excellence   

c. Innovative   

d. Adaptable   

8. Raul was experimenting in the laboratory when he accidentally broke a test tube. He 

immediately informed the laboratory in charge. He is also willing to pay for the 

replacement of the said apparatus. The act of Raul exemplifies what core value of 

Misamis University?    

a. Responsibility   

b. Excellence   

c. Adaptable   

d. Innovative   

9. The following scenarios show concern for the environment EXCEPT: 

a. Maria throws her trash in the garbage can. 

b. Lou washes her clothes in the river near her house.  

c. Jessie did not throw her used cooking oil in the sink. 

d. Abby usually goes to thrift stores to buy clothes instead of buying new ones.  

10. Jenna always does her best in classes. She is aware of her responsibilities as a student 

and she makes sure to submit her assignments and activities on time. Jenna’s actions 

show what core the core value of ________. 

a. Innovative  

b. Responsibility   

c. Adaptable   

d. Compassion  
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11. It is an ordered list of numbers, called terms, that may have repeated values.  

a. Pattern    

b. Sequence    

c. Arrangement     

d. Decoration  

12. It refers to a repeated or regular arrangement of elements, shapes, or numbers that 

follow a predictable sequence or structure. 

a. Pattern    

b. Sequence    

c. Arrangement     

d. Decoration   

13. According to the theory of Allan Turing the chemical factors in the cell determine 

growth patterns, and influence factors like hair color. What are these two chemical 

processes?  

a. Redemption and Diffusion  

b. Resumption and Diffusion 

c. Reaction and Diffusion  

d. Reflection and Diffusion         

14. It is the the systematic study of the form of valid inference, and the most general laws 

of truth.  

a. Reasoning    

b. Problem Solving   

c. Critical Thinking    

d. Logics   

15. In the conditional logical connective, what do we call p?  

a. Hypothesis of the implication 

b. Hypothesis of the conclusion  

c. Hypothesis of the reaction  

d. Hypothesis of the diffusion         

16. In the conditional logical connective, what do we call q? 

a. Implication 

b. Conclusion  

c. Reaction  

d. Diffusion          

17. As the snail grow, their shells also expand proportionally. This process results in a 

refined spiral structure, called _____.  

a. Equilateral Spiral  

b. Equiangular Sphere 

c. Equiangular Spiral  

d. Equilateral Symmetry         

18. It is the property that a shape has when it looks the same after some rotation by a 

partial turn. 
a. Rotational Spiral  

b. Rotational Sphere 

c. Rotational Spiral  

d. Rotational Symmetry         
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19. Who’s the Italian mathematician that introduced the sequence through a problem 

involving the growth of a  

population of rabbits? 

a. Leonardo of Pscia  

b. Leonardo of Pia 

c. Leonardo of Pilla 

d. Leonardo of Pisa         

20. It is a declarative sentence that is true or false, but not both.  

a. Paragraph  

b. Statement 

c. Announcement  

d. Expression          

   

 

II. Problem Solving  

 Directions: Analyze the given sequence for its rule and identify the next five terms. 

1.  3, 7, 12, 18, 25, … 

2. 2, 20, 200, 2000, … 

3. 100, 95, 91, 88, … 

4. 256, 128, 64, 32, … 

5. 1, 1, 2, 3, 5, 8, … 

 

Test III. Translation  

A. Directions: Translate each of the following phrases into mathematical expression. Use 

as few variables as possible.  

1. The sum of three times a number and four. 

2. The difference between the product of two numbers and twelve. 

3. The square root of the sum of a number and nine, divided by four. 

4. The cube of the difference between a number and three, minus seven.  

5. Three times the difference between a number and five, plus two. 

 

B. Directions: Translate each of the following phrases into English statements.  

1. 2x + 7 = 20 

2. 
3𝑥+5

4
= 12 

3. x2 – 9  

4. 
7

𝑥−2
= 12 

5. (𝑥 + 4)2 
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Test IV. Logical Reasoning  

IV.A  

Directions: Write each of the following sentences in terms of p, q and logical 

connectives, and find the truth values of the given statements. 

Given:  

Let p and q be the statements 

p: 7 is a prime number. 

q: 12 is an even number. 

 

 

 

 

a. 7 is not a prime number and 12 is not an even number. 

b. 7 is a prime number and 12 is an even number. 

c. 7 is not a prime number and 12 is an even number.  

 

IV.B 

Given: 

Let p and q be the statements 

p: 7 is greater than 5.  

q: 7 is an even number. 

  

a. 7 is not greater than 5 or 7 is an even number. 

b. 7 is not greater than 5 or 7 is not an even number. 

c. 7 is greater than 5 or 7 is an even number. 

 

IV.C 

Suppose that p and q are statements so that p → q is false. Find the truth values of each of 

the following:  

a. p → ~ q 

b. p ^ q 

c. ~p → ~ q 

d. ~ p v q  

e. ~ p ^ ~ q 

 

Test V. Essay  

Directions: Answer the following questions.  

1. Explain the statement “Some problems CAN BE SOLVED, but some CAN BE 

DEDUCED”.  

2. How can you use mathematics to solve everyday problems or make better decisions in 

your life? Give specific examples. 

3. Explain why mathematics is considered “Precise, Concise, and Powerful”.  
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Key to Corrections 

Test I. Multiple Choice 

1. C 

2. D 

3. A 

4. A 

5. A 

6. B 

7. B 

8. A 

9. B 

10. B 

11. B 

12. A 

13. C 

14. D 

15. A 

16. B 

17. A 

18. D 

19. D 

20. A 

 

Test II. Problem Solving   

1. 33, 42, 52, 63, 75 

2. 20,000, 200,000, 

2,000,000, 20,000,000, 

200,000,000 

3. 86, 85, 85, 85, 85  

4. 16, 8, 4, 2, 1 

5. 13, 21, 34, 55, 89 

 

Test III.  

A. English to Math Translation  

1. 3x + 4 

2. xy – 12  

3. 
√𝑥+9 

4
 

4. (𝑥 − 3)3 − 7  
5. 3(x - 5) + 2 

 

Test III.  

B. Math to English Translation  

1. Two times a number plus 

seven equals twenty.  

2. The sum of three times a 

number and five divided by 

four equals twelve.  

3. The square of a number 

minus nine.  

4. Seven divided by the 

difference between a 

number and two.  

5. The square of the sum of a 

number and four.  

 

 

Test IV. A. Logical 

Reasoning  

a. ~p ˅ ~q – F 

F, F 

b. p ˄ q – T  

T, T 

c. ~p ˄ q – F  

F, T  

Test IV. B. Logical Reasoning  

a. ~p ˅ q – F 

F, F 

b. ~p ˅ ~q – T  

F, T 

c. p ˅ q – T  

T, F 

Test IV. C. Logical Reasoning  

a. T,T – T 

b. T, F – F 

c. F, T – T 

d. F, F – T 

e. F, T – F  

 

Test V. Essay  

1. 

2.  

3. 
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POST-TEST QUESTIONS 

 

Name _______________________________________________ Section__________ 

 

Group ______________________________________________  Score ___________ 

 

II. Multiple Choice 

Directions: Read each statement carefully. Identify the letter containing the correct 

answer. Write the letter on the space provided on the answer sheet.  

 

1. Based on Misamis University’s mission, a holistic individual is the following, 

EXCEPT: 

a. Competitive   

b. Innovative   

c. God-fearing   

d. Adaptable 

2. It discusses the type of learning environment that the institution aims to offer students 

so they can become globally-competitive individuals.  

a. Goals    

b. Objectives   

c. Philosophy   

d. Vision  

3. This core value of Misamis University refers to being humane, kind, and sensitive 

towards those who are vulnerable or need assistance.      

a. Innovative   

b. Compassionate  

c. Excellence   

d. Adaptable 

4. This refers to the ability of an individual to generate new ideas or create novel 

solutions to solve problems.  

a. Innovative   

b. Compassionate  

c. Adaptable  

d. Excellence 

5. It outlines the goal of making Misamis University a globally renowned university. 

a. Goals     

b. Objectives   

c. Philosophy   

d. Vision  
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6. It is the kind of assessment strategy that Misamis University wants to provide to the  

students/learners so that they can acquire crucial life skills. 

a. Authentic    

b. Summative   

c. Formative   

d. Diagnostic 

7. This core value encourages all members in the academic community to put up their 

best efforts  

in order to create exemplary results. 

a. Compassion   

b. Excellence   

c. Innovative   

d. Adaptable 

8. Jenna always does her best in classes. She is aware of her responsibilities as a student 

and she makes sure to submit her assignments and activities on time. Jenna’s actions 

show what core the core value of ________. 

a. Innovative  

b. Responsibility   

c. Adaptable   

d. Compassion 

9. The following scenarios show concern for the environment EXCEPT: 

a. Maria throws her trash in the garbage can. 

b. Lou washes her clothes in the river near her house.  

c. Jessie did not throw her used cooking oil in the sink. 

d. Abby usually goes to thrift stores to buy clothes instead of buying new 

ones.  

10. Raul was experimenting in the laboratory when he accidentally broke a test tube. He 

immediately informed the laboratory in charge. He is also willing to pay for the 

replacement of the said apparatus. The act of Raul exemplifies what core value of 

Misamis University?  

a. Responsibility   

b. Excellence   

c. Adaptable   

d. Innovative 

11. It is a declarative sentence that is true or false, but not both.  

a. Paragraph  

b. Statement 

c. Announcement  

d. Expression 
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12. Who’s the Italian mathematician that introduced the sequence through a problem 

involving the growth of a population of rabbits? 

a. Leonardo of Pscia  

b. Leonardo of Pia 

c. Leonardo of Pilla 

d. Leonardo of Pisa 

13. It is the property that a shape has when it looks the same after some rotation by a 

partial turn. 

a. Rotational Spiral  

b. Rotational Sphere 

c. Rotational Spiral  

d. Rotational Symmetry 

14. As the snail grow, their shells also expand proportionally. This process results in a 

refined spiral structure, called _____.  

a. Equilateral Spiral  

b. Equiangular Sphere 

c. Equiangular Spiral  

d. Equilateral Symmetry   

15. In the conditional logical connective, what do we call q? 

a. Implication 

b. Conclusion  

c. Reaction  

d. Diffusion 

16. In the conditional logical connective, what do we call p?  

a. Hypothesis of the implication 

b. Hypothesis of the conclusion  

c. Hypothesis of the reaction  

d. Hypothesis of the diffusion 

17. It is the the systematic study of the form of valid inference, and the most general laws 

of truth.  

a. Reasoning    

b. Problem Solving   

c. Critical Thinking    

d. Logics  

18. According to the theory of Allan Turing the chemical factors in the cell determine 

growth patterns, and influence factors like hair color. What are these two chemical 

processes?  

a. Redemption and Diffusion  

b. Resumption and Diffusion 

c. Reaction and Diffusion  

d. Reflection and Diffusion 
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19. It refers to a repeated or regular arrangement of elements, shapes, or numbers that 

follow a predictable sequence or structure. 

a. Pattern    

b. Sequence    

c. Arrangement     

d. Decoration 

20. It is an ordered list of numbers, called terms, that may have repeated values.  

a. Pattern    

b. Sequence    

c. Arrangement     

d. Decoration  

 

II. Problem Solving  

 Directions: Analyze the given sequence for its rule and identify the next five terms. 

1. 256, 128, 64, 32, … 

2. 1, 1, 2, 3, 5, 8, … 

3. 2, 20, 200, 2000, … 

4. 3, 7, 12, 18, 25, … 

5. 100, 95, 91, 88, … 

 

Test III. Translation  

A. Directions: Translate each of the following phrases into mathematical expression. Use 

as few variables as possible.  

1. The cube of the difference between a number and three, minus seven.  

2. Three times the difference between a number and five, plus two. 

3. The sum of three times a number and four. 

4. The square root of the sum of a number and nine, divided by four. 

5. The difference between the product of two numbers and twelve. 

 

B. Directions: Translate each of the following phrases into English statements.  

1. (𝑥 + 4)2 

2. 
7

𝑥−2
= 12 

3. x2 – 9 

4. 
3𝑥+5

4
= 12 

5. 2x + 7 = 20 
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Test IV. Logical Reasoning  

IV.A  

Directions: Write each of the following sentences in terms of p, q and logical 

connectives, and find the truth values of the given statements. 

Given:  

Let p and q be the statements 

p: 7 is a prime number. 

q: 12 is an even number. 

 

 

 

 

a. 7 is not a prime number and 12 is not an even number. 

b. 7 is a prime number and 12 is an even number. 

c. 7 is not a prime number and 12 is an even number.  

 

IV.B 

Given: 

Let p and q be the statements 

p: 7 is greater than 5.  

q: 7 is an even number. 

  

a. 7 is not greater than 5 or 7 is an even number. 

b. 7 is not greater than 5 or 7 is not an even number. 

c. 7 is greater than 5 or 7 is an even number. 

 

IV.C 

Suppose that p and q are statements so that p → q is false. Find the truth values of each of 

the following:  

a. p → ~ q 

b. p ^ q 

c. ~p → ~ q 

d. ~ p v q  

e. ~ p ^ ~ q 

 

Test V. Essay  

Directions: Answer the following questions.  

1. How can you use mathematics to solve everyday problems or make better 

decisions in your life? Give specific examples. 

2. Explain why mathematics is considered “Precise, Concise, and Powerful”. 

3. Explain the statement “Some problems CAN BE SOLVED, but some CAN BE 

DEDUCED”.  
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Appendix B 

 

TABLE OF SPECIFICATION (TOS) 

 

MATHEMATICS IN THE MODERN WORLD 

PRELIMINARY PERIOD 

 

LEARNING 

COMPETENCIES 

 

Actual 

Instruction 

(Days) 

No. of 

Items 
TEST ITEM PLACEMENT 

 

 

    EASY  

 

 

AVERAGE 

 

 

DIFFICULT 

40% 30% 30% 

1.  
Misamis University’s 

PVMGOC 

30 

10 

Test I. 

Multiple 

Choice 

(1 – 10) 

  

2.  

The Nature of 

Mathematics 

Subtopics: 

• Patterns in nature 

• Symmetry (line 

and rotational) 

• Sequences and 

the Fibonacci 

Sequence 

• Mathematics for 

organization, 

prediction, 

control, and 

indispensability 

18 

Test I. 

Multiple 

Choice 

(11 – 20) 

Test V. 

Essay  

(Q1, Q2, 

Q3)  

 

Test II.  

Problem 

Solving  

(1 – 5)  

 

3.  

The Language of 

Mathematics 

Subtopics:  

• English to 

Mathematics 

Translation  

• Mathematics to 

English 

Translation  

10  

Test III. A. 

Translation 

(1 – 3)  

 

Test III. B. 

Translation 

(1, 3, 5)  

 

 

Test III. A. 

Translation 

(4 – 5) 

 

Test III. B. 

Translation 

(2, 4)  
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4.   

Problem Solving and 

Reasoning 

Subtopics:  

• Logical 

Connectives  

11   

Test IV.  

A. Logical 

Connectives 

(1 – 3)  

 

Test IV.  

B. Logical 

Connectives 

(1 – 3)  

 

Test IV.  

C. Logical 

Connectives 

(1 – 5)  

  TOTAL 30 49 20 14     15 
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Appendix C 

 

Mathematics in the Modern World – Semi-Detailed Lesson Plan 

 

Instructor: Jhed Gabriel L. Sanchez      Date:  ____________ 

 

I. Objectives 

At the end of the lesson, the students should be able to:  

1. Explain the nature of mathematics as a logical and systematic discipline and 

describe its role in understanding patterns and relationships in the modern world; 

2. Value and appreciate the relevance of mathematics in everyday life, society, and 

various academic and professional fields; and  

3. Demonstrate understanding of the nature of mathematics by identifying and 

illustrating real-life situations where mathematical concepts are applied. 

 

II. Subject Matter (Topic 1)  

Title: The Nature of Mathematics 

Teaching Approach: Chatbots as Digital Learning Tools (Solomon’s Four-Group Design) 

Reference: Mathematics in the Modern World Textbook 

Materials: Smart TV, Laptop, PowerPoint Presentations, Smart Phones, Broadband Wi-Fi 

 

III. Procedures 

a. Activity 

- The students will be given sample problems on patterns and sequences. They 

will utilize chatbots to explore and verify the step-by-step procedures in solving 

the given sequences. 

b. Analysis  

- How did you solve the given problems on patterns and sequences? 

- What chatbot or digital tool did you use to assist you in solving the problems? 

- What steps are involved in identifying and solving patterns and sequences? 

c. Abstraction  

- The teacher will check and discuss the students’ answers to the given problems. 

- The teacher will explain and clarify the correct procedures in solving patterns 

and sequences, including how to properly construct prompts when using 

chatbots. 

- The students will be given additional problems to solve to reinforce 

understanding. 

d. Application  

- The students will complete an assessment activity to apply their understanding 

of patterns and sequences and to verify mastery of the lesson. 

 

IV. Evaluation  

- The students will answer a problem-solving quiz independently without the use 

or assistance of chatbots. 
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V. Assignment 

- The students will be tasked to take four photographs of objects at home that 

show patterns and print them on long bond paper. They will present their 

outputs during the next meeting. 

 

Mathematics in the Modern World – Semi-Detailed Lesson Plan 

 

Instructor: Jhed Gabriel L. Sanchez      Date:  ____________ 

 

I. Objectives 

At the end of the lesson, the students should be able to:  

1. Translate English phrases to mathematical expressions and mathematical 

expressions to English phrases; and 

2. Perform the translation of English phrases into logical or mathematical expressions 

and vice versa by constructing truth tables, diagrams, or step-by-step solutions. 

3. Value and appreciate the usefulness of translating verbal statements into 

mathematical expressions in solving real-life problems and making informed 

decisions. 

 

II. Subject Matter (Topic 2)  

Title: The Language of Mathematics  

Teaching Approach: Chatbots as Digital Learning Tools (Solomon’s Four-Group Design) 

Reference: Mathematics in the Modern World Textbook 

Materials: Smart TV, Laptop, PowerPoint Presentations, Smart Phones, Broadband Wi-Fi 

 

III. Procedures 

a. Activity 

- The students will be given sample problems on translating English phrases into 

mathematical expressions and mathematical expressions into English phrases. 

They will utilize chatbots as a learning tool to explore, verify, and understand 

the step-by-step process of translating the given statements. 

b. Analysis  

- How did you translate the given English phrases into mathematical 

expressions and vice versa? 

- What chatbot or digital tool did you use to assist you in translating the 

statements? 

- What steps are involved in correctly translating verbal statements into 

mathematical expressions? 

c. Abstraction  

- The teacher will check and discuss the students’ answers to the given translation 

exercises. 

- The teacher will explain and clarify the correct procedures and rules in 

translating English phrases to mathematical expressions and mathematical 

expressions to English phrases, including proper and ethical use of chatbots. 
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- The students will be given additional translation exercises to reinforce 

understanding. 

d. Application  

- The students will complete an assessment activity that requires them to translate 

English phrases into mathematical expressions and mathematical expressions 

into English phrases to verify mastery of the lesson. 

 

IV. Evaluation  

- The students will answer a problem-solving quiz independently, translating 

English phrases into mathematical expressions and mathematical expressions 

into English phrases, without the use or assistance of chatbots. 

 

V. Assignment 

- The students will write a short essay discussing the importance of language in 

mathematics, focusing on how clear verbal statements and correct mathematical 

expressions help in understanding, communicating, and solving real-life 

problems. 

 

 

Mathematics in the Modern World – Semi-Detailed Lesson Plan 

 

Instructor: Jhed Gabriel L. Sanchez      Date:  ____________ 

 

I. Objectives 

At the end of the lesson, the students should be able to:  

1. Solve problems on logical connectives (negation, conjunction, disjunction, 

implication) accurately; 

2. Demonstrate the correct use of logical operators in constructing truth tables and 

evaluating logical statements; and 

3. Appreciate and exhibit the importance of critical thinking by thoughtfully analyzing 

situations and making reasoned decisions. 

 

II. Subject Matter (Topic 3)  

Title: Problem Solving and Reasoning  

Teaching Approach: Chatbots as Digital Learning Tools (Solomon’s Four-Group Design) 

Reference: Mathematics in the Modern World Textbook 

Materials: Smart TV, Laptop, PowerPoint Presentations, Smart Phones, Broadband Wi-Fi 

 

III. Procedures 

a. Activity 

- The teacher will provide students with sample problems involving logical 

connectives (negation, conjunction, disjunction, implication). 

- Students will work individually or in pairs to solve the given problems and 

translate English statements into logical expressions and vice versa. 

b. Analysis  
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- How did you approach solving the logical connective problems (negation, 

conjunction, disjunction, implication)? 

- Did you use any chatbot or digital tool to assist you? If yes, how did it help? 

- What are the step-by-step procedures for correctly solving each type of logical 

connective problem? 

c. Abstraction  

- The teacher will review and discuss the students’ answers, emphasizing 

correct translations and common mistakes. 

- The teacher will explain the proper procedures, rules, and reasoning in solving 

logical connectives. 

- Students will be guided on the ethical and responsible use of chatbots and digital 

tools. 

- Additional exercises will be provided to reinforce students’ understanding and 

accuracy in solving logical connectives. 

d. Application  

- Students will complete an assessment activity that requires them to 

independently solve problems on logical connectives, applying correct 

procedures and logical reasoning to verify mastery of the lesson. 

 

IV. Evaluation  

- Students will take a problem-solving quiz independently, solving logical 

connective problems without the use of chatbots or digital aids. 

- Assessment will focus on accuracy, completeness, and proper application of 

logical rules. 

 

V. Assignment 

- Students will write a short essay reflecting on the importance of critical thinking 

in various real-life situations. The essay should include examples of how logical 

reasoning and decision-making can be applied in everyday contexts. 
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Appendix D 
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Submission of 

Research Proposal 

 

                  

Presentation of 

Research Proposal for 

Approval 

                  

Pretest Administration 

(Exp. Group) 

                  

Pretest Administration 

(Con. Group) 

                  

Data Analysis                   

Conduct of Intervention  

(Exp. Group) 

                 

Conduct of Traditional Class  

(Con. Group) 

                 

Data Analysis                   

Conduct of Intervention  

(Exp. Group) 

                 

Conduct of Traditional Class  

(Con. Group) 

                 

Data Analysis                   

Conduct of Intervention  

(Exp. Group) 

                 

Conduct of Traditional Class  

(Con. Group) 

                 

Data Analysis                   

Posttest Administration 

(Exp. & Con. Group) 

                  

Data Analysis                   

Finalization of the 

Completed Research 

Manuscript 

                  

Report Writing                   

Oral Defense                   
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Appendix E 

 

Misamis University 
  H. T. Feliciano St., Ozamiz City, 7200 Philippines 

 

MISAMIS UNIVERSITY RESEARCH ETHICS BOARD 
Phone: +6388 521 0367 | Fax: +6388 521 2917 

Email: muresearchethics@mu.edu.ph 

 
 

MU-REB-010/03 March 2022 
 

INFORMED CONSENT FORM 

(PORMA SA NASABTAN NGA PAGTUGOT) 

 

Name of the Researcher/Investigator  

(Nagtuon): Jhed Gabriel L. Sanchez 

Course:   Master of Arts in Education Major in Mathematics 

College:   Graduate School 

Email / Contact Number: Jhedgabriel16@gmail.com/09618125847 

Thesis Title:  

“Chatbots as Digital Learning Tools: Analyzing Their Effects on Student Outcomes 

Using Solomon’s Approach” 

 

PART I. INFORMATION SHEET 

Introduction 

 

Good day! I am Jhed Gabriel L. Sanchez, the principal 

researcher/investigator of the study entitled “Chatbots as Digital 

Learning Tools: Analyzing Their Effects on Student Outcomes Using 

Solomon’s Approach.” I am a graduate student under the program Master 

of Arts in Education Major in Mathematics at Misamis University in 

Ozamiz City. I am to conduct the research with Maritime students as the 

participants. In this vein, I am respectfully seeking your voluntary 

participation, being qualified to give your informed consent to take part 

in this study. Before you decide whether to participate or not in this study, 

please read the succeeding information about the study and feel free to 

ask questions anytime should there be anything you do not understand or 

want to clarify. If you agree to answer the interview, you will be asked to 

affix your name and signature on this form for which you will be given a 

copy. 

 

Purpose 

 

The purpose of this study is to determine the effectiveness of 

chatbot-assisted instruction on students’ mathematical outcomes. It will 

examine whether integrating chatbots as digital learning tools enhances 

students’ outcomes compared to traditional instruction and whether 

pretesting contributes to performance variation.  

 

This research holds significance for various stakeholders. For 

students, chatbot-assisted learning may enhance engagement, 
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confidence, and comprehension. For teachers, it offers a framework to 

integrate AI tools effectively into instruction. Curriculum developers and 

administrators may use the findings to modernize curricula aligned with 

national educational goals. Finally, the study’s outcomes may guide 

policymakers in promoting responsible AI use and future researchers in 

exploring broader applications of AI in teaching and learning. By 

adopting Solomon’s Four-Group Design, this study contributes to the 

growing discourse on evidence-based innovations that foster equitable, 

engaging, and effective mathematics education in the digital age. 

 

Type of Research 

Intervention 

 

This study will be conducted through pretest and post-test as well 

as the integration of chatbots in the instruction. The gathering of data will 

be conducted in person.   

 

Selection of 

Participants 

 

The selection of the participants is based on the following inclusion 

criteria: (1) students must be officially enrolled during the academic year 

2025–2026; (2) they must be taking the subject Math 1; and (3) they must 

provide their full and voluntary consent to participate in the study. 
 

Voluntary 

Participation 

Your participation has to be voluntary and will not affect your 

situation or status in any way, including your relationship with the 

researcher. You are free to decide if you will take part or not. If you 

decide to participate, you are free not to answer any questions that you 

do not prefer to answer.  

  

Procedure  The participants will be given ample time when to undertake the 

interview. The interviews will be undertaken once or several times when 

necessary. The researcher will transcribe the interviews to be used for the 

analysis of the data. The information and data provided by you as a 

participant will be utilized for this study alone and will be treated with 

the utmost confidentiality.  

 

Duration 

 

The gathering of data through the pre-test, integration of chatbots and 

posttest will last for one month or one whole grading period.  

 

Risks and 

Discomforts 

 

The participants will be protected from physical, social, or economic 

risks.  In case the items in the survey instrument are too personal and 

make you feel uncomfortable, you may decline to answer any or all 

questions and may terminate your involvement at any time you choose. 

 

Benefits 

 

This study will enable you to shed light or provide understanding 

about the integration of chatbots. Thus, your responses shall be highly 

valued being deemed important in the field of mathematics. 

 

Reimbursements 

 

There will be no monetary expenses or costs on your part as a respondent, 

nor any monetary compensation for your participation in this study. 
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However, personal protective equipment (PPE) like face masks, alcohol 

and face shields may be provided during the gathering of the research 

data.  

 

Confidentiality of 

Data  

 

Only the researcher will have access to the information and 

responses of the participants. The personal identifying information of the 

participants will only be used for research analysis and will be treated 

with the utmost confidentiality. During the study, all data will be kept in 

a locked, secure filing cabinet, of which will be discarded 6 months after 

the publication of the results. 

 

Sharing of 

Findings 

 

The results of this study will be presented during the thesis/dissertation 

final defense of the researcher. Also, the research findings may be shared 

through publications and conferences with the assurance that the 

identities of the participants will remain confidential. A printed copy of 

the completed study will be provided to the participants.   

 

Rights to Refuse 

or Withdraw 

 

You are free to withdraw or terminate participation at any stage of the 

study, without the need to give any reason. You will not be penalized in 

case of termination of participation. 

 

Who to Contact 

 

Should there be any queries as a parent, you can contact the researcher 

through the following details: 

 

Name of the Researcher: Jhed Gabriel L. Sanchez 

Cellphone Number/s: 09618125847 

e-mail ad: Jhedgabriel16@gmail.com 

 

STATEMENT BY THE RESEARCHER 

(PAGPADAYAG SA NAGTUON) 

 

I will read the Information sheet to the potential participant. 

With the best of my ability, I make sure that the participant will 

understand the interview questions and that possible follow-up 

interviews may be undertaken. 

 

I can assure that the participant will be given an opportunity to 

ask questions about the study, and all the questions raised will be 

answered fully. I can likewise assure that the participant will not be 

coerced into giving consent that must be free and voluntary. 

 

  A copy of this Informed Consent Form will be provided to the 

participant. 

 

Print Name of Researcher: Jhed Gabriel L. Sanchez 
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                                               PART II. CERTIFICATE OF CONSENT 

 

This research entitled “Chatbots as Digital Learning Tools: Analyzing Their Effects on Student 

Outcomes Using Solomon’s Approach” by Jhed Gabriel L. Sanchez with the aim of gathering 

information and data pertaining to the effects of chatbots on student outcomes, has been presented and 

explained to me clearly. Since the study involves Maritime students, I am chosen as one of the 

participants. 

 

I have read the foregoing Informed Consent Form, or it has been read to me. I had the 

opportunity to ask questions, which were subsequently answered fully. I consent voluntarily to be a 

participant of this study. 

 

Print Name of Participant: ___________________________ 

Signature of Participant: ___________________________ 

Date: [MM/DD/YYYY]____________________________________________________ 

 

 

If Illiterate 

 

If the respondent is illiterate, a witness who is literate will sign. The respondent will choose him/ her 

and who is without connection with the researcher or the research group to attest this undertaking. The 

respondent will affix his thumb print. 

 

 

 

 

______________________________________ 

Name and Signature of the Witness 

 

 

 

 

 

Thumb mark 
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CURRICULUM VITAE 

PERSONAL DATA 

 Name   : Jhed Gabriel L. Sanchez  

 Age   : 26 y/o 

 Birthdate  : September 16, 1999 

 Civil Status  : Single 

 Religion  : Roman Catholic  

 Home Address  : P-5 Malaubang, Ozamiz City 

 Parents   : Mr. and Mrs. Edgar C. Sanchez           

EDUCATION 

 

 Graduate : Master of Arts in Education 

 Major in Mathematics 

                             Misamis University, Ozamiz City 

 June 2025 – 2026   

 

College : Bachelor of Secondary Education 

 Major in Mathematics 

                             Misamis University, Ozamiz City 

 June 2021 – 2022   

 

 Senior HS : General Academic Strand 

 Misamis University 

 Ozamiz City 

 April 2017 – 2018  

 

 Junior HS : Ozamiz City National High School 

                                Lam-an, Ozamiz City 

    March 2015 – 2016  

 

 Elementary :   Dalapang Elementary School 

                                Dalapang, Ozamiz City 

 March 2011 – 2012  
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PROFESSIONAL ELIGIBILITY :  Professional Licensure Examination for  

Teacher - Secondary Level 

           September 2023                                

WORK EXPERIENCE 

November 2022 - Present : Staff, Vice-President for Academic Affairs  

      Misamis University 

      Aguada, Ozamiz City 

 

November 2022 - Present : Part-Time Instructor, College of Agriculture     

& Forestry  

      Misamis University 

      Aguada, Ozamiz City 

 

November 2022 - Present : Academic Supervisor, College of Maritime  

Education   

      Misamis University 

      Aguada, Ozamiz City 

 

SEMINARS/TRAININGS 

 

• 4th International Conference on Biodiversity and Climate Change 2025 

(IConBaCC), theme: “Sustainable Peace with Nature: A Global Commitment 

towards Net Zero” 

Venue: Misamis University, H.T. Feliciano St., Ozamiz City Philippines  

Date: September 25 – 26, 2025  

 

• 24th Human Resource and Skills Development (HRSD) Conference  

Venue: Deor and Dune Function Hall, Davao City 

Date: September 19 – 20, 2025  

 

• Philippine Association of Maritime Institutions (PAMI) 50th Annual Convention 

Venue: Maritime Academy of Asia and the Pacific (MAAP) in Mariveles, Bataan 

Date: February 19 – 21, 2025  

 

• Training Induction Program (TIP) for SMAW NC1 2024 Tulong Trabaho 

Scholarship Program (TTSP)  

Venue: Misamis University  

Date: October 07, 2025 

 

• Philippine Association of Maritime Institutions (PAMI) 2024 Regional Assessment 

Workshop Development  

Venue: Roy’s Hotel and Convention Center, Bacolod City 

Date: August 21 – 23, 2024  
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• A Forum on “Expanding Horizons: Building Academic and Insdustry Connections 

with Southeast Asian Nations” in partnership with Kasetsart University, Bangkok, 

Thailand  

Venue: Misamis University, Covered Court, Ozamiz City 

Date: August 08, 2024 

 

• “Innovate, Elevate, Align: A Seminar-Workshop on Adragogy, Taxonomies, and 

Curriculum Cohesion”  

Venue: Misamis University, Instructional Media Center, Ozamiz City 

Date: July 26, 2024 
 

• Capacity-Building Seminar on Internationalization (IZN)  

Venue: Misamis University, Function Hall, Ozamiz City  

Date: June 05, 2024 

 

• Training Induction Program (TIP) for SMAW NC1 2024 Private Education Student 

Financial Assistance (TWSP)  

Venue: Misamis University  

Date: May 27, 2024 

 

• Seminar-Workshop on Syllabus/Instructor’s Guide Making  

Venue: Misamis University, Function Hall, Ozamiz City 

Date: April 06, 2024 

 

• 3rd International Conference on Multidisciplinary Research for Sustainable 

Innovation (3rd ICMRSI) International Conference  

Venue: Virtual  

Date: March 13 – 14, 2024 

 

• Seminar-Workshop on Delivery of Instruction in the Classroom  

Venue: Misamis University, Function Hall, Ozamiz City 

Date: March 07, 2024 

 

• Echo Program on “China-Philippine Advanced Training Course on Automotive 

Intelligent Technologies” held from November 27 2023 – December 13, 2023 at 

Chongqing, China  

Venue: Misamis University, Instructional Media Center, Ozamiz City 

Date: March 06, 2024 

 

• Seminar-Workshop on Writing and Formatting Undergraduate Research and 

Statistics in Research 

Venue: Misamis University, Function Hall, Ozamiz City 

Date: November 17, 2023 
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• Seminar-Workshop on Test Questions and Table of Specifications Construction  

Venue: Misamis University, Function Hall, Ozamiz City 

Date: November 16, 2023 

 

• Cybercrime in the Age of Generative Artificial Intelligence: Challenges and 

Solutions in partnership with the Vellore Institute of Technology (VIT)   

Venue: Misamis University, Function Hall, Via Zoom  

Date: November 09, 2023 
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