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Abstract: This study constructs a reflective feedback model based on a pedagogical 
agent (PA) and explores its impact on students’ problem-solving ability and 
cognitive load. A quasi-experimental design was used in the study, with 84 students 
from a middle school selected as the research subjects (44 in the experimental group 
and 40 in the control group). The experimental group used the reflective feedback 
model, while the control group used the factual feedback model. The results show 
that, compared with factual feedback, the reflective feedback model based on the 
pedagogical agent significantly improves students’ problem-solving ability, 
especially at the action and thinking levels. In addition, this model effectively 
reduces students’ cognitive load, especially in terms of internal and external load.  
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1. Introduction 

Problem-solving ability is widely recognized as an essential component of 21st-century competencies, which 
are crucial for students to adapt to future challenges in complex real-world environments (González & Ramírez, 
2022). In this context, using intelligent tools promotes the effective integration of students’ subject knowledge and 
helps students adjust their learning strategies by providing dynamic feedback (Gabriel et al., 2022). This 
technology-supported teaching model is moving towards greater flexibility and adaptability. As a result, teaching 
models need to shift from traditional knowledge teaching to a greater emphasis on developing higher-order 
thinking skills and self-regulated learning (Letina, 2020). This shift requires students to not only master subject 
knowledge but also to think independently and solve problems creatively. 

The application of subject knowledge demonstrates the development of problem-solving ability. It also 
involves the learner’s adaptability, creativity, and strategic thinking when faced with new problems (Carpenter & 
Moser, 2020). This view emphasizes the multi-dimensional nature of problem-solving ability, which requires 
learners to have a solid foundation and the ability to learn independently. However, to effectively improve 
problem-solving ability, students’ metacognitive and self-regulation abilities are crucial. Timely and effective 
feedback can not only help students identify mistakes, but also stimulate students’ self-reflection and reduce 
ineffective load. (Harris et al., 2022). Task-level feedback is the most common type, such as factual feedback, that 
emphasizes the analysis of the causes of errors (Mishra et al., 2024). 

Nevertheless, there are still many limitations in the traditional classroom environment in supporting students 
in improving their problem-solving ability. For example, teachers’ feedback is often delayed, making it difficult 
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for students to adjust their thinking promptly (Wisniewski et al., 2020). In addition, feedback in traditional teaching 
models mainly relies on interactions between teachers and students, which makes it challenging to meet the needs 
of personalized learning and reflection (Howell, 2021). Therefore, in response to the above problems, it is urgent 
to introduce intelligent tools to innovate the teaching model. By dynamically assessing the state of students’ 
cognitive load and providing a mechanism for reflective feedback. It promotes students’ problem solving skills in 
authentic situations. 

In recent years, with the wide application of artificial intelligence technology, pedagogical agents have gradually 
been applied in intelligent educational environments to promote interactive teaching (Sikström et al., 2024). 
Pedagogical agents can provide personalized feedback and dynamically adjust the learning path based on students’ 
progress (Lin & Yu, 2024). The introduction of this technology provides new possibilities for improving traditional 
classroom models. It offers adequate interactive support for the development of problem-solving abilities. 

Against this background, this study focuses on the reflective feedback model based on pedagogical agents to 
explore whether it can effectively improve students’ problem-solving abilities. To this end, this paper proposes the 
following research questions: 
RQ1: Does reflective feedback generated by pedagogical agents improve students’ problem-solving ability more 
than factual feedback? 
RQ2: Does reflective feedback generated by pedagogical agents reduce students’ cognitive load more than factual 
feedback? 

2. Literature Review 

2.1. Problem-Solving Ability and Its Cultivation 

Problem-solving ability refers to an individual’s skill to identify a problem, analyze it, formulate a plan, and 
implement a solution (González & Ramírez, 2022). 

This ability is an important part of the core competencies for the 21st century (Graham et al., 2019). In 
classroom teaching, fostering problem-solving abilities is regarded as one of the key objectives for promoting the 
students’ comprehensive ability development (Makransky et al., 2021). 

The development of problem-solving abilities relies on a diverse teaching model. These models emphasize 
students’ active participation and knowledge construction in learning (Makransky et al., 2021). Traditional 
teaching models for cultivating problem-solving abilities mainly include teacher-student interaction, student-
student interaction, and problem-based learning (Suradika et al., 2023). Teacher-led interaction emphasizes that 
teachers promote students’ thinking development through guidance, questioning, and feedback (Sjoer & Meirink, 
2015). However, this model may lead to students relying on teachers and lacking opportunities to solve problems 
independently (Zhang, 2024). In contrast, collaborative and inquiry-based learning helps develop critical thinking 
and problem-solving abilities (Yang, 2025). However, there are still many limitations to the traditional teaching 
model, such as teachers’ difficulty understanding individual thinking processes (Jiang et al., 2022). 

In recent years, the development of artificial intelligence (AI) technology has brought new reforms to 
teaching models. AI-based teaching models, such as intelligent tutoring systems and conversational agents (Yang, 
2025), can provide real-time, adaptive learning support (Lin et al., 2023). From a comprehensive perspective, the 
way teaching and learning interact is gradually evolving from experience-driven to data-driven, from traditional 
teacher-led interaction to student collaboration to a teaching model empowered by technology. 

2.2. Functions and Applications of Pedagogical Agents 

Pedagogical Agents (PA) are virtual agents based on generative artificial intelligence technology that can simulate 
the role of a teacher or a learning partner to provide personalized learning support for learners (Wang et al., 2023). Its 
functions mainly include personalized learning tutoring, intelligent feedback mechanism, etc. (Sikström et al., 2024). 
Multimedia Learning Theory (MLT) suggests that multimodal presentation of information can reduce cognitive 
load and improve students’ learning efficiency (Mayer, 2001). Based on this, educational intelligences can 
integrate multiple information carriers, such as images, sounds, texts and videos, etc. PA can dynamically adjust 
the presentation of information according to the cognitive needs of the learners, making it easier for learners to 
understand and improve their memory (Rahmouni, 2025). 

The application of pedagogical agents is not limited to learning basic subjects. It also plays an important role 
in cultivating students’ higher-order thinking skills (such as critical thinking, innovative thinking, and problem-
solving ability) (Davis et al., 2022). For example, pedagogical agents can adjust teaching strategies and content in 
real time and provide targeted feedback and guidance by analyzing students’ performance in problem-solving tasks 
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(Li et al., 2023). This immediate feedback can help students adjust their strategies and avoid making the same 
mistakes in subsequent tasks, thereby effectively improving their problem-solving ability. For instance, when a 
student is solving a complex problem, the Educational Intelligence can guide the student to adjust the problem 
dismantling method. Or provide feedback on solution ideas for similar problems so that they can gradually 
construct effective solutions (Tiandem-Adamou, 2025). 

Further research has shown that pedagogical agents exhibit unique advantages in supporting open-ended 
problem-solving (Wang et al., 2023). When students face unknown or complex problems, pedagogical agents can 
help them find entry points and inspire them to explore different solutions through scaffolding, strategic hints, or 
guiding questions (Dever et al., 2023). In addition, pedagogical agents influence learning at the cognitive level and 
play a role in emotional support. When students encounter difficulties or setbacks, pedagogical agents can enhance 
learner motivation by providing encouraging language (Septiana et al., 2024). Therefore, the use of pedagogical 
agents not only promotes the development of students’ abilities but also inspires students’ sense of autonomous 
learning. This study applies an advanced AI-driven pedagogical agent that provides a unique opportunity to 
examine student learning outcomes. 

3. Construction of a Reflective Feedback Model Based on Pedagogical Agents 

3.1. Model Framework 

Pedagogical agents can generate two types of feedback: reflective feedback and factual feedback. They form 
an interaction model through different response mechanisms and feedback loops. In this study, we integrate these 
two types of feedback into the teaching model to form a pedagogical agent-based feedback model. The focus is on 
the differences between these two types of feedback in terms of students’ problem-solving abilities (as shown in 
Figure 1). 

 

Figure 1. Feedback model based on pedagogical agents. 

In this model, the core of reflective feedback lies in prompting students to engage in self-reflection, and it is 
characterized by gradually guiding students to self-assess according to the extent of their reflection (Bardach et al., 
2020). Its reflective mechanism is as follows: when students enter reflective prompts, the pedagogical agents 
generate heuristic questions to guide students to reflect on their learning process. Combining diagnostic 
assessment, students engage in an iterative dialogue with the pedagogical agents through reflective self-regulation, 
forming a reflective cycle. 

Factual feedback emphasizes specific guidance based on facts and is direct feedback on student behavior or 
results (Liu et al., 2023). Its response mechanism is that when a student receives factual feedback, the agent adjusts 
the feedback content based on the student’s response (e.g., whether they are satisfied), forming a feedback loop. 
If the student is satisfied with the result, the feedback process may end; if not, the agent will continue to adjust the 
feedback and motivate the student to improve. 

3.2. Activity Design 

Based on the constructed feedback model based on the pedagogical agent, this study designed classroom 
activities for junior high school students learning the theme of “Network Fault Diagnosis and Troubleshooting.” 
The activity is divided into four learning sessions: Session one is the engagement stage, where problems are 
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identified; Session two is the exploration stage, where problems are analyzed; Session three is the practice stage, 
where problems are solved; and Session four is the evaluation stage, where problems are verified (See Figure 2). 

 

Figure 2. Activity flow based on reflective feedback from pedagogical agents. 

This study provides a detailed analysis of the learning process, with the theme “How do you diagnose and 
troubleshoot a home network?” 

In session 1, the experimental group students used the reflective feedback from the pedagogical agents to 
identify network faults and further consider the source of the fault from multiple perspectives (e.g., “Do you think 
there are any other reasons for the network problem apart from a hardware problem?”). Reflective feedback helps 
students think from multiple perspectives and develop comprehensive problem-solving skills. 

The control group was given factual feedback such as “check the router connection to ensure there is no 
hardware failure.” Feedback mainly helps students quickly locate faults but does not guide students to think deeply. 

In session 2, the students in the experimental group gradually troubleshoot network faults with the help of 
reflective feedback from the pedagogical agent while also thinking further about other potential causes of the faults 
(e.g., “Have you considered whether the network configuration or IP address is correct?”). This feedback allows 
students to not only focus on the surface-level issues during troubleshooting but also to analyze the root causes of 
the problems deeply. 

The control group was provided with only factual feedback, such as “check the network configuration to 
ensure the correct connection to the router.” The feedback focused mainly on specific operations to help students 
complete basic troubleshooting. 

In session 3, the experimental group students used the reflective feedback from the pedagogical agent to carry 
out specific operations and further reflect on the applicability of the solution (e.g., “Do you think this solution is 
applicable to different types of network failures?”). This feedback helps students optimize their own operating 
plans continuously and be more flexible in practice. 

The control group was provided with factual feedback such as “reboot the router and reconfigure the IP 
address. “The feedback helped students complete the necessary operations but did not guide them in reflecting on 
the broad applicability of the operations. 
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In session 4, students in the experimental group used the reflective feedback from the pedagogical agent to 
evaluate the effectiveness of their solutions and further reflect in depth on the effectiveness of the solutions (e.g., 
“Do you think this method can still be applied in the future to solve other network faults?”). This feedback 
enhances students’ self-directed learning and problem-solving abilities. 

The control group only received factual feedback, such as “the network problem has been fixed, and the 
connection is back to normal.” The feedback focused on evaluating the effectiveness of the current solution to the 
problem and did not involve in-depth reflection on the solution. 

It is important to note that the factual feedback model based on Pedagogical Agent (PA) also has four 
feedback sessions. In these four sessions, students mainly use the PA tool to explore the problems in the home 
network. For example, in session one, the student uses factual cue words to allow the PA to provide specific action 
suggestions. In Sessions 2 and 3, students diagnose the network configuration, etc., and the PA provides direct 
troubleshooting guidelines and feedback. In session 4, students use the PA to provide simple confirmation of the 
troubleshooting solution, including feedback on whether the network connection status is back to normal. 
Obviously, with the help of the factual feedback model based on PA, it enables students to quickly identify and 
solve network faults. However, the feedback mainly focuses on the operational steps as well as the correction of 
the problem, rather than focusing on guiding students to reflect on the nature of the problem. 

4. Method 

4.1. Participant 

The participants were seventh-grade students from a middle school in southeastern China, with an average age 
of 13 years. The study protocol was authorized by the school board, and written informed consent was provided to the 
students. The students were randomly assigned to an experimental group (EG = 44) and a control group (CG = 40), 
and they were taught by the same teacher. The pre-test results for problem-solving ability showed no significant 
difference between the experimental group and the control group (p = 0.317 > 0.05). Students in the EG group 
used the reflective feedback model, while students in the CG group used the factual feedback model. 

4.2. Experimental Procedure 

The experimental process is shown in Figure 3. The first week is the training phase. The aim is to familiarize 
students with the functions and basic operations of the Doubao Agent. The second to third weeks are the pre-test 
phase. During this phase, the experimental group and the control group need to complete pre-tests of problem-
solving ability and cognitive load. The fourth to twelfth weeks are the experimental phase. The thirteenth week is 
the post-test. Students carry out project learning around the theme of ‘Exploring the Internet’. Each learning 
activity has four stages: (1) Engagement stage, (2) Exploration stage, (3) Practice stage. (4) Evaluation stage. The 
differences between the experimental and control groups were mainly in the presentation of reflective and factual 
feedback during the teaching sessions, which have been described in detail in Section 3.2. 

 

Figure 3. Experimental design process. 
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4.3. Experimental Tool 

4.3.1. Problem-Solving Ability Scale 

The problem-solving ability scale is based on the scales proposed by Hwang et al. (2013) and D’Zurilla and 
Maydeu-Olivares (1995). The scale includes three aspects: attitude towards problem-solving, actions to deal with 
problems, and thinking to solve problems, with a total of 11 items. The questionnaire refers to a 5-point Likert scale, 
from ‘not at all consistent’ to ‘fully consistent’, with descriptors assigned to 1–5 respectively. In this study, a reliability 
analysis was conducted on the problem-solving ability questionnaire, and Cronbach’s alpha for the overall scale was 
0.76. This indicates that the scale has a high degree of reliability and shows internal consistency of measurement. 

4.3.2. Cognitive Load Rating Scale 

The cognitive load scale was compiled based on the scale proposed by Leppink et al. (2013). The scale 
includes three aspects: internal load, external load, and related load, with a total of 9 items. The questionnaire 
refers to a 5-point Likert scale, from ‘not at all consistent’ to ‘fully consistent’, with descriptors assigned to 1–5 
respectively. In this study, a reliability analysis was conducted on the problem-solving ability questionnaire, and 
Cronbach’s alpha for the overall scale was 0.83. This indicates that the scale has a high degree of reliability and 
shows internal consistency of measurement. 

4.3.3. Tools for Pedagogical Agents 

The pedagogical agent used in this study is Doubao Agent (https://www.doubao.com), developed by the 
Chinese company ByteDance. It has intelligent features such as function selection, history records, and question 
and feedback (See Figure 4). In terms of function selection and question feedback, when the learner selects the 
role of an English-speaking pedagogical agent, they can enter reflective or factual prompts. At this point, the 
pedagogical agent will generate corresponding reflective or factual feedback to help the learner improve their oral 
expression skills. In terms of history records, after multiple rounds of dialogue, the agent will record the previous 
dialogue for the user, which is convenient for learning review and process tracking. 

 

Figure 4. Doubao Agent introduction. 

5. Result 

5.1. Does Reflective Feedback Generated by Pedagogical Agents Improve Students’ Problem-Solving Ability 
More than Factual Feedback? 

The Shapiro-Wilk test results show that all the data collected in this study are approximately normally 
distributed (p > 0.05). In this case, the actual test score that assesses problem-solving skills is the total score. The 
pre-test results show that there is no significant difference in problem-solving ability between the experimental 
group and the control group (p = 0.317 > 0.05). An independent sample t-test was used to analyze the post-test 
problem-solving ability, and the total score difference between the two groups was significant (p = 0.004 < 0.01). 
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The results showed that there were significant differences in the action to address the issue and problem-
solving thinking, with effect sizes of 0.753 and 0.859, respectively (See Table 1). Therefore, the reflective feedback 
model based on pedagogical agents is conducive to improving students’ problem-solving ability, especially in 
terms of action and thinking. 

Table 1. Independent-sample t-test for post-test problem-solving ability. 

Score Group N M SD t p d 

Total EG 44 47.18 4.116 2.974 0.004 ** 0.575 CG 40 44.63 4.762 

Problem-solving attitude EG 44 12.23 1.597 0.076 0.940 0.018 CG 40 12.20 1.698 

Action to address the issue EG 44 17.55 1.517 3.449 0.001 ** 0.753 CG 40 16.23 1.981 

Problem-solving thinking EG 44 17.50 1.355 3.946 0.000 *** 0.859 CG 40 15.88 2.334 
** p < 0.01, *** p < 0.001. 

5.2. Does Reflective Feedback Generated by Pedagogical Agents Reduce Students’ Cognitive Load More than 
Factual Feedback? 

The pre-test results of the cognitive load level showed that there was no significant difference between the 
experimental group and the control group (p = 0.969 > 0.05). The post-test results of the cognitive load level were 
analyzed using an independent sample t-test, which showed a significant difference (p = 0.000 < 0.001). At the 
same time, there was a significant difference between internal load and external load (See Table 2). Therefore, the 
reflective feedback model based on pedagogical agents is conducive to reducing students’ cognitive load. 

Table 2. Independent-sample t-test for post-test cognitive load. 

Score Group N M SD t p d 

Total EG 44 18.93 4.195 −3.706 0.000 *** −0.811 CG 40 22.58 4.814 

Internal load EG 44 6.41 1.716 −3.169 0.002 ** −0.692 CG 40 7.70 2.015 

External load EG 44 6.39 1.870 −3.633 0.000 *** −0.792 CG 40 8.05 2.320 

Relevant load EG 44 6.14 1.875 −1.505 0.133 −0.333 CG 40 6.83 2.275 
** p < 0.01, *** p < 0.001. 

6. Summary and Discussion 

This study proposes a reflective feedback model based on an educational agent and applies it to the information 
technology curriculum for middle school students. Pedagogical agents effectively support students’ reflective 
learning processes by providing personalized, interactive feedback (Wei et al., 2024). The research results show that, 
compared with factual feedback, the reflective feedback model based on a pedagogical agent is more effective in 
promoting students’ problem-solving abilities. It also has a positive effect on reducing cognitive load. 

Discussion of RQ1. This study shows that students in the experimental group were significantly better than 
the control group in terms of problem-solving ability. In particular, there was a remarkable improvement in the 
action and thinking levels of problem-solving. Research has also shown that reflective feedback encourages 
students to explore multiple solutions and adjust their strategies after failure. This adaptive learning strategy has a 
beneficial effect on the long-term development of problem-solving ability (Gonzalez & Castillo, 2024). However, 
further research is necessary to improve students’ initiative in problem-solving attitudes. To ensure that they can 
maintain a self-directed exploratory spirit at a heightened level when faced with new problems. 

Discussion of RQ2. The experimental group students had a significantly lower overall cognitive load than 
the control group. The reduction was particularly noticeable in terms of external load and internal load. Previous 
research has also confirmed that the feedback mechanism of a pedagogical agent can reduce students’ cognitive 
load by optimizing the presentation of learning materials (Zhao et al., 2023). However, the results showed that the 
change in the relevant load was not significant, which may be related to the complexity of the learning task itself. 
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Future research can further optimize feedback strategies to ensure that students learn efficiently while still being 
sufficiently challenged. 

7. Limitations and Prospects 

This study has confirmed that the reflective feedback model based on the pedagogical agent has significant 
advantages in promoting problem-solving ability and reducing cognitive load. With the further development of 
artificial intelligence technology, this model is expected to be widely used in more educational scenarios. It also 
provides new research directions for the optimization and innovation of pedagogical agents. First, it is an 
interdisciplinary application. In the future, it can be further expanded to other disciplines, such as mathematics and 
science, to evaluate the applicability of the reflective feedback model based on the pedagogical agent in different 
subject areas. The second is affective computing and learning experiences. Future research could explore how 
affective support can be incorporated into intelligent feedback-based teaching, combined with affective computing 
techniques. This could further enhance students’ learning experiences and motivation (Quílez et al., 2023). The 
third is human-machine collaborative teaching. In the future, research can be conducted on combining the 
advantages of teachers and pedagogical agents more effectively. To form a more optimized intelligent teaching 
model and improve the flexibility and adaptability of classroom teaching. 

There are several limitations to this research. First, the sample size is limited and restricted to the number of 
users in different classes. Future research could be expanded to a large sample size from multiple schools to verify 
the universality of the research results. Second, students need to become more proficient in using the pedagogical 
agent platform to improve the accuracy and adaptability of intelligent feedback. In the future, therefore, students 
can be helped to better operate technology by increasing training and practical opportunities. This will make full 
use of the benefits of intelligent feedback. 
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