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This study explored the impact of different feedback forms on the psychological parameters of learning success: motivation, engagement, and GRIT (GRIT: Growth, Resilience, Integrity, and Tenacity, a concept introduced to describe perseverance and passion for long-term goals) among 6th and 7th-grade students at secondary schools in Bavaria, Germany, employing a 2 × 3 factorial design. The factors included the type of feedback (human-based vs. computer-based), and the declaration of feedback type (grades/points anonymously vs. social comparison/group feedback vs. Pass/NoPass). Among 219 students, findings showed human-based feedback significantly improved feedback evaluations, while computer-based feedback notably increased GRIT. Additionally, feedback in the form of Pass/NoPass and social comparison positively affected GRIT. No significant impacts on motivation or engagement were detected. The results highlight the importance of tailored feedback strategies in fostering GRIT, though they suggest limited generalizability.
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1 Introduction

School students’ lack of motivation, which affects their participation in class, the completion of tasks such as homework, preparation for exams and, in the worst case, even their future careers, is a common concern and challenge for educators. According to the Robert Bosch Foundation (2023) “German School Barometer”, 70% of students in Germany experienced motivation problems in 2023, a figure that is particularly high among secondary school students (p.10). There are many reasons for this. As far as student motivation is concerned, research shows that numerical grades as one of the established forms of feedback and performance measurement can play a central role in this context (cf. Heim, 2024). The usefulness and effectiveness of numerical grades as a widespread form of feedback for assessing student performance and increasing or decreasing motivation is the subject of controversial debate, both among the general public and in academic research (for example see Hübner et al., 2024; Bossard, 2023; Lerche, 2022; Kerbel, 2016; Harlen and Crick, 2002). While some authors emphasize that grades can negatively impact students’ performance and motivation (cf. Heim, 2024), others stress that grades are a proven form of performance feedback (cf. Bossard, 2023).

The rapid development of new technologies such as artificial intelligence (AI), and the opportunities and risks they pose for the school sector, puts the need for reform in testing and implementing alternative forms of performance feedback and measurement in schools in a new light. For example, the Bavarian State Ministry of Education and Cultural Affairs has launched a new media and AI budget specifically to “promote the pedagogically valuable use of digital media more strongly and to create financial relief for teaching staff and students” (Bavarian State Ministry of Education and Cultural Affairs, 2024). In times of increasing teacher shortages and more and more tasks that teachers have to deal with, taking them away from their core tasks of teaching and educating, using AI to provide performance feedback seems like the next logical step, but one that requires extensive research. Despite the growing interest in AI-assisted feedback in education, there is a research gap regarding the comparative effects of human-based and computer-based feedback on key psychological parameters of learning success, particularly in the context of secondary education in Germany. While studies have explored various feedback types individually, the specific effects of feedback source (human vs. computer) and feedback form (grades, social comparison, pass/no pass) on motivation, engagement, and GRIT remain underexplored.

Despite the increasing integration of information and communication technologies in the educational sector and the associated digitalization of learning processes, the impact of different feedback methods on student engagement and academic performance remains largely underexplored. Studies have shown that feedback, as a central component of the learning process, plays a significant role in the development of feedback literacy (Little et al., 2023). However, there is limited research on how various types of feedback—specifically human and computer-mediated feedback—affect student engagement and long-term motivation.

Some insights into the impact of online learning on academic performance have been established, with intrinsic motivation and academic engagement identified as key mediating factors (García-Machado et al., 2024). These studies indicate that the support students receive does not directly affect their academic performance unless it is mediated through intrinsic motivation and engagement. However, there is a lack of research on the specific mechanisms through which feedback types, particularly computer-mediated feedback, promote or hinder student engagement and motivation.

The implementation of new technologies, such as artificial intelligence, which could potentially enhance feedback in educational settings, has also been discussed in the literature (Dospinescu and Dospinescu, 2020). However, there is little research on how AI-based feedback systems are integrated into daily practice and what their concrete effects are on engagement and academic performance. Furthermore, no comprehensive assessment has been conducted in the empirical literature on feedback literacy to determine which elements of feedback interventions are effective and which aspects require further investigation (Little et al., 2023).

This research gap highlights the need for a detailed investigation into the specific effects of human and computer-mediated feedback on engagement, feedback evaluation, and long-term motivation (GRIT) in students, particularly concerning the development of feedback literacy and the use of modern technologies such as AI in education. Given the rapid advancements in technologies like GPT-4 (Parker et al., 2024) and their potential applications in feedback systems, it is crucial to evaluate their effectiveness in practice and compare them to traditional feedback methods in order to gain a comprehensive understanding of their impact on student engagement and performance.

To address this research gap, the primary objective of this study is to investigate the differential impacts of human-based and computer-based feedback, presented in various forms, on motivation, engagement, and GRIT among 6th and 7th-grade students in secondary schools (Realschulen) in Bavaria, Germany. Specifically, this research aims to:


(1)Evaluate how the source of feedback (human vs. computer) influences students’ engagement and feedback evaluation.

(2)Assess the effects of different feedback forms (grades/points, social comparison, pass/no pass) on these psychological parameters.



Based on these research questions, the following hypotheses were formulated:

H 1.1 (on engagement): 6th and 7th grade students who receive human feedback will show higher engagement compared to students who receive computerized feedback.

Rationale: Human feedback is often perceived as more personal and empathetic, which may promote student engagement.

H 1.2 (on feedback evaluation): Students will rate human feedback as more helpful and understandable than computerized feedback.

Rationale: Human feedback may be perceived by students as more credible or relevant, which reinforces the positive evaluation.

H 2.1 (on the effect of human feedback on GRIT): Human feedback will show a smaller effect on students’ GRIT scores than computer-based feedback.

Rationale: Human feedback can be more subjective and less standardized, which may lead it to influence GRIT values less systematically, as it is typically not available as frequently or consistently.

H 2.2 (on the effect of computer-based feedback on GRIT): Computerized feedback leads to a significant increase in students’ GRIT scores compared to human feedback.

Rationale: Computerized feedback could help students achieve their goals through direct, immediate feedback and provide a consistent, less subjective source of feedback.

This study investigates the impact of different feedback forms on motivation, engagement, and GRIT (persistence and passion for long-term goals) among 6th and 7th-grade students in secondary1 schools (Realschulen) in Bavaria, Germany. Motivation, engagement, and GRIT are key psychological elements that affect people’s actions and achievements and therefore provide a suitable approach to exploring feedback dynamics in the school context. They represent psychological parameters that are part of later learning success in the educational environment, which is of particular importance. The selected keywords - Human-Computer-based Feedback, Motivation, GRIT, Learning science, and classroom-experiment - are interconnected in this research as they collectively address the core aspects of the study. Human-Computer-based Feedback represents the different forms of feedback being investigated, while Motivation and GRIT are the psychological constructs being measured. Learning science provides the theoretical framework for understanding these interactions, and classroom-experiment denotes the methodological approach used in the study. Together, these keywords encapsulate the main elements of the research, combining technological innovations in education with psychological outcomes in a real-world classroom setting.


1.1 Motivation, engagement and GRIT

Energy, goal setting, perseverance, and the potential for varied endpoints are aspects of activation and intentionality, which collectively constitute motivation (cf. Ryan and Deci, 2000). The Self-Determination Theory (SDT) is a prominent theory in psychology that examines motivation, emphasizing the significance of internal, evolutionary resources for personality development and self-regulatory behavior (cf. Ryan et al., 1997; cf. Deci et al., 2017).

It delineates three distinct types of motivation: extrinsic, intrinsic, and amotivation (cf. Vallerand and Blssonnette, 1992). Extrinsic motivation is influenced by both internal and external factors, encompassing various regulations such as external, introjected, identified, and integrated regulations, heavily impacted by social context. Intrinsic motivation is self-determined, characterized by internal factors such as interest, pleasure, and satisfaction, yet it can be compromised by controlling conditions and perceived inefficacy. Amotivation is a non-self-determined reaction influenced by impersonal factors such as inability or lack of control. Supportive social contexts positively foster motivation, while excessive control and lack of connectedness can impair it (cf. Ryan and Deci, 2000).

Although it can be stated that motivation can be both self-determined and externally determined and depends on internal and external factors, the question of how strong these influences actually are remains unanswered. The simple assumption that both social and internal drives are equally decisive could underestimate or even oversimplify the complex interplay between these factors. It remains unclear to what extent individual differences or situational factors could have a stronger influence on perceived motivation.

Engagement can be defined as a state of optimal and enjoyable experiences characterized by appropriate challenge, immersion, control, freedom, clarity, immediate feedback, time insensitivity, and changes in one’s sense of identity (cf. Cowley et al., 2008).

Research distinguishes between cognitive, emotional, and behavioral engagement. Cognitive engagement focuses on conscious aspects such as effort and attention, while emotional engagement encompasses identification and emotions. Behavioral engagement is objective, concerning actions and involvement, neglecting physical components (cf. Doherty and Doherty, 2018; cf. Li and Lerner, 2012).

Studies show that game elements can increase behavioral engagement in digital learning tasks, reducing the likelihood that learners disengage entirely. Even simple game elements, like narrative structure, visual aesthetics, and a virtual reward system, can enhance learner engagement. Moreover, research on video game engagement categorizes it into six types: intellectual, physical, sensory, social, narrative, and emotional. Players may shift flexibly between these engagement types depending on game phase and content, and the desire to continue playing serves as a strong indicator of engagement (cf. Huber et al., 2023; cf. Schønau-Fog and Bjørner, 2012).

A combination of subjective and objective measurements is recommended to best understand engagement, proven to be the most effective measurement method in most cases (cf. Doherty and Doherty, 2018).

GRIT is a psychological trait associated with positive outcomes such as passion, motivation, and perseverance in pursuing long-term goals. It consists of two dimensions: “consistency of interests,” which pertains to how consistently individuals pursue their goals, and “perseverance of effort,” which relates to how well they can cope with challenges while maintaining their determination. “Perseverance of effort” correlates strongly with the well-being and personality strengths of the individual (cf. Disabato et al., 2018). GRIT can lead to higher academic performance, motivation, and engagement, as well as improved social and personal well-being (cf. Datu et al., 2016).

Markus and Kitayama’s (1991) Self-Construal Theory suggests that the cultural environment in which we are raised influences our ability to develop GRIT. Individuals from collectivist societies find it more challenging to exhibit GRIT compared to those from individualistic societies (cf. Datu et al., 2016; cf. Disabato et al., 2018). Even though GRIT is described as a malleable psychological trait that requires motivation, this simplification could distort the understanding of its origins and effects. The influence of the cultural environment is emphasized, but it remains unclear whether this environment actually plays a central role in all cultures. In addition, insufficient consideration is given to whether GRIT is equally relevant or helpful in all areas of life.

The assertion that these constructs are fundamental psychological factors that influence an individual’s behavior and outcomes may fall short. A close link between internal drives, social context and cultural influences is postulated, but it remains questionable to what extent this link applies always and everywhere. The complexity of individual success could be simplified by focusing on these factors while ignoring other, less obvious variables.



1.2 Feedback types

In the educational context, understanding feedback is crucial to address students’ needs (Hattie and Timperley, 2007). Following the discussion on motivation, engagement, and GRIT, it is necessary to examine various forms of feedback, as these can significantly contribute to fostering motivation and engagement and supporting the development of GRIT. Various forms of feedback need to be considered, including traditional grading systems, feedback generated with artificial intelligence (AI) assistance, student self-feedback, teacher feedback, oral feedback, and video feedback.

Traditional grading systems, such as report card grades, remain widespread. A recent development is AI-generated feedback. Hooda et al. (2022) identified I-FCN as effective software for machine learning and learning analytics, providing personalized feedback. Kochmar et al. (2020) demonstrated that AI feedback in the form of personalized hints and explanations significantly improves learning outcomes (Luckin et al., 2016).

Gan et al. (2023) emphasized the importance of student self-feedback, noting it as the strongest motivator for learning. This underscores the importance of students’ ability to self-assess and regulate their learning. This is supported by Panadero et al. (2017) who found that self-assessment practices improve student learning outcomes and self-regulation skills.

Teacher feedback also plays a central role in the learning process. Gan et al. (2021) showed that teacher feedback positively impacts course satisfaction but has little influence on motivation or exam results. Agricola et al. (2019) demonstrated that due to its direct and personal nature, oral feedback sharpens students’ perception but does not necessarily increase their self-efficacy or drive. These findings align with Wisniewski et al. (2020) who found that the effectiveness of feedback depends on various factors, including timing and delivery method.

Roure et al. (2019) conducted a study to investigate the impact of video feedback on students’ situational interest, which refers to the temporary engagement or curiosity a student experiences during a particular activity. The findings revealed that using video feedback in isolation was not sufficient to significantly enhance situational interest. The researchers argued that while video feedback can provide clear visual and auditory cues, its effectiveness is limited without the accompanying context and interpretive support traditionally offered by teachers. However, when combined with traditional teacher feedback, the impact on students’ situational interest was significantly enhanced. This suggests that the direct interaction and clarification provided by teachers play a crucial role in making video feedback more meaningful and engaging for students. Thus, the integration of video feedback with teacher commentary not only helps students better understand their progress but also sustains their interest by offering a more personalized learning experience. These findings underscore the importance of combining technological tools with human interaction to maximize their educational impact. This is consistent with Van Der Kleij et al. (2015) who found that elaborate feedback is more effective than simple correctness feedback.

In a study focusing on the role of reward systems in education, Hermes et al. (2021) examined how different types of rewards influence students’ motivation, effort, and academic performance, particularly in mathematics. The study found that introducing reward systems had a notably positive impact on students with lower prior achievements, boosting their motivation to participate and increasing their effort in mathematical tasks. This effect was attributed to the fact that rewards provide immediate and tangible recognition for students’ efforts, which can be particularly encouraging for those who struggle academically. Importantly, the study also found that the introduction of reward systems did not adversely affect the performance of higher-achieving students. This challenges the common criticism that rewards might only benefit struggling students at the expense of others. Instead, the results indicate that well-designed reward systems can create an inclusive learning environment that supports diverse student needs. Hermes et al. (2021) emphasize the careful calibration of reward systems to avoid promoting external incentives as the sole focus, and instead to use them as a supplementary strategy to foster a growth-oriented mindset. Similarly, Deci et al. (2001) found that positive feedback enhances intrinsic motivation, particularly when it conveys a sense of competence.

Beyond these individual feedback types, community involvement and feedback tailored to school environments also play a critical role in addressing student needs. Tripon (2024) highlighted that community-based learning and storytelling activities can create a more inclusive and supportive feedback environment, fostering a stronger connection between students and their communities. By incorporating service-learning opportunities, schools can better meet the diverse needs of their students, thereby enhancing their motivation and engagement.

To investigate the effects of different types of feedback, various experiments have been conducted. Hermes et al. (2021) implemented a five-week intervention using a mathematics e-learning platform where students could collect “gold coins” through task completion, later exchangeable for rewards. Kochmar et al. (2020) utilized artificial intelligence to provide personalized feedback on the Korbit platform. Faulconer et al. (2021) employed online quizzes where students received positive feedback for correct answers to difficult questions, whereas previously only feedback on errors was given. This approach is supported by Shute (2008) who emphasized the importance of formative feedback in enhancing learning and achievement. Additionally, Lili et al. (2016), Straub et al. (2023), Kuklick and Lindner (2023), and Roure et al. (2019) conducted studies capturing feedback through written assignments and surveys. Lili et al. (2016) had students write essays and subsequently surveyed them. Straub et al. (2023) combined questionnaires with creative and cognitive tasks as well as power manipulation experiments. Kuklick and Lindner (2023) utilized constructed response geometry tasks with tailored feedback, while Roure et al. (2019) divided participants into three groups to investigate different feedback methods – verbal feedback from the teacher, no feedback, or a combination of self-analysis and teacher feedback. These diverse methodologies align with Black and Wiliam (2018) who advocate for a variety of feedback approaches to cater to different learning styles and contexts. Lastly, Carless and Boud (2018) emphasize the importance of developing students’ feedback literacy, enabling them to understand, process, and use feedback effectively, which complements the findings of the other studies mentioned.

In conclusion, the various types of feedback exert complex and interrelated effects on students’ motivation and engagement. While some studies highlight the advantages of specific types of feedback, other research suggests that these effects are highly context-dependent and vary according to individual needs and perceptions of the learners. For instance, although the combination of oral feedback and teacher feedback can be effective in certain situations, it also carries the risk of fostering excessive reliance on external validation among students. Similarly, reward systems can boost motivation in the short term, but there are concerns that they may undermine intrinsic motivation over time.

Moreover, the studies reflect diverse methodological approaches and theoretical perspectives that are not always consistent with each other. These methodological and conceptual discrepancies complicate the task of drawing generalizable conclusions about the effectiveness of different feedback types. Therefore, making blanket recommendations or simplistic evaluations of specific feedback methods would be misguided. Instead, it is crucial to consider the specific context and the individual characteristics of learners and educators to make nuanced and evidence-based statements about feedback effectiveness.

This critical reflection highlights the need for further research to explore the long-term impacts of different feedback approaches on motivation, engagement, and GRIT in various educational settings (Figure 1).
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FIGURE 1
Conceptual model.


To further delve into the nuances of feedback’s impact on student outcomes, the study addresses the following research questions:


(1)How do different forms of feedback (human-based vs. computer-based) impact the engagement and feedback evaluation of 6th and 7th-grade students in German secondary schools?

(2)What is the effect of human-based and computer-based feedback on the GRIT of 6th and 7th-grade students in German secondary schools?






2 Materials and methods


2.1 Participants

The participants of this study are students from 16 different Bavarian Secondary school classes, comprising eight classes each from the sixth and seventh grades. Four classes per grade come from the same school, the names of which cannot be disclosed due to regulations from the Bavarian Foundation of Secondary School Teachers. Each class consists of 25–30 students, resulting in a theoretical sample size of N = 400–480. However, the actual number of participating students is N = 219 due to various factors, including parental consent and unforeseen circumstances such as illness or personal emergencies.



2.2 Data collection

A questionnaire (see Table 1) was developed to systematically analyze the impact of performance feedback on student motivation, engagement, and GRIT. The questionnaire items were adapted to ensure clarity and appropriateness for a younger audience. In particular, the language was revised to make it more child-friendly and to simplify complex concepts without changing the core constructs being measured. For example, the questions assessing different dimensions of motivation were adapted based on the frameworks of Ni et al. (2020) for intrinsic motivation and amotivation, Hanfstingl et al. (2010) for introjected motivation and Müller et al. (2007) for extrinsic motivation. In addition, research into different forms of engagement was influenced by the findings of Quintelier et al. (2020), Chamberlin et al. (2018) and Ni et al. (2020). The GRIT construct comprising ‘constancy of interest’ and ‘persistence of effort’ was also adjusted in line with the research of Fleckenstein et al. (2014), Sturman and Zappala-Piemme (2017) and Schmidt et al. (2017). These adjustments aimed to maintain conceptual accuracy while ensuring that the items were accessible and appealing to younger respondents.


TABLE 1 Operationalization table.
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To evaluate students’ cognitive engagement in a manner suitable for children, a memory stimulus game is utilized (Table 1). In this task, participants are required to memorize images of Santas and subsequently identify the previously shown Santas after the displayed images have been modified. Emotional engagement is assessed through a multiple-choice quiz, wherein children are presented with images of human facial expressions and asked to match these expressions to the corresponding emotions from a list of options. Finally, students’ reaction times are measured via an online game. In this task, a red circle appears on the screen, and once it turns green, participants are instructed to tap or click the screen using the left mouse button as quickly as possible, assessing their response speed and reflexes.



2.3 Treatment procedures

The experimental 2 × 3 factorial design with the factors Feedback Type (Human-based vs. Computer-based), and Declaration of Feedback Type (Anonymous School Grades/Credit Points vs. Social Comparison/Group Feedback vs. Pass/NoPass) is based on the guidelines outlined in “The Experiment in Communication and Media Studies” by Koch et al. (2019). Firstly, the type of performance feedback varies (i.e., whether the feedback is Human-based Performance Feedback or Computer-based Performance Feedback). Depending on the treatment group, students receive feedback in the form of anonymous school grades/credit points, social comparison/group feedback, or pass/fail. For the feedback variants where students receive computer-generated feedback after performing the three stimuli games, the software ChatGTP was used to evaluate students’ performance and provide constructive feedback. The feedback texts were written in German and relate to the students’ results in the three stimuli games. The human-generated feedback texts have the same content as the computer-generated feedback texts. The difference lies in clearly communicating the origin of the feedback to the student.

The students were guided through the experiment and, after completing all three stimulus games, were asked to fill out an anonymous questionnaire. This questionnaire contained child-friendly statements that could be rated on a 5-point scale ranging from “strongly agree” to “strongly disagree”. Standardizing response scales, such as using a 0–5 format, improves data comparability and reduces respondent confusion. Research supports that consistent scales minimize cognitive load and response bias, enhancing reliability and interpretability across survey items (cf. Westland, 2022). We assume reliability based on prior validation and testing of these scales by other researchers, which ensures consistency and comparability across studies (cf. Jebb et al., 2021). Due to the guidelines of the Bavarian Foundation of Secondary School Teachers, the questionnaires were printed out and filled in by hand, as online surveys were not allowed. The Bavarian Ministry of Education’s ethics committee strictly limited the inclusion of moderators and mediators in this study to safeguard the sensitive personal data of underage students. Due to privacy regulations, we were only permitted to analyze a limited set of variables, which restricted our ability to examine baseline equivalence for all potential factors, including GRIT scores, across the three groups (control, human-based, and GPT-based). These constraints ensured compliance with data protection standards specific to vulnerable populations, as mandated by the ethics review board.



2.4 Data analysis

To ensure a thorough analysis of the study results, T-tests will be employed to determine whether there are statistically significant differences between the groups under investigation. In addition to the statistical testing, the results will also be presented visually using graphs. This visual representation will provide a clearer, more intuitive understanding of the findings, making it easier to interpret and communicate key trends and differences. The decision to use T-tests instead of ANOVA in a 2 × 3 experimental design can be justified if the primary goal is to compare mean differences between control and test groups rather than assess interaction effects. T-tests allow for direct pairwise comparisons, which is often more interpretable and straightforward, particularly when testing specific hypotheses about group differences without expecting interactions. This approach also minimizes the risk of Type I errors associated with multiple comparisons in ANOVA when interaction terms are not of primary interest (cf. Field, 2013; Cumming, 2013).



2.5 Limitations

The presented study has notable implications for research and practice, summarized as follows. Despite valuable insights, several common limitations related to methodology and design emerged during the research process. This experiment was specifically designed to explore causality, which allows for causal analysis but not representative conclusions. Ethical constraints set by the Bavarian Ministry restricted the use of moderators and mediators, limiting the study to 6th and 7th graders in Bavarian secondary schools; thus, results cannot be generalized to other age groups, genders, parental backgrounds, academic performance, or cultural contexts. Expanding to other educational systems or age groups could clarify broader applicability, and a more representative methodology could be beneficial.

Another challenge was designing suitable online games that replicate the cognitive, emotional, and reactive aspects of physical games—a complex task requiring extensive testing and adjustments. While carefully chosen to assess specific skills, these games may not capture the full range of abilities relevant to motivation, engagement, and GRIT, which could limit findings based on game design or context. Self-report dependence introduces response biases, such as the Hawthorne effect, as perceptions of engagement, motivation, and GRIT can be swayed by external factors, impacting result accuracy. Survey items were adapted for the children’s context but not pre-tested for readability. Temporal limitations may also exist; effects observed post-experiment could diminish over time, impacting the relevance of findings for sustainable applications. Longitudinal studies may address this concern.

In summary, this study reflects classic limitations in psychological experiments and causal research. The methodology was deliberately chosen, and anticipated effects were managed. Future research would benefit from controlling for moderators and mediators as a key methodological enhancement.




3 Results

The results indicate that there is no significant effect of human-based or computer-based feedback on students’ motivation. Regarding the dependent variable “Feedback Evaluation”, it is observed that human-based feedback has a significantly positive influence on this variable (Figure 2).
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FIGURE 2
Visual mean value comparison of the feedback type.


A significant difference between the control group and human-based feedback was found, t(127) = 0.00, p < 0.05, with human-based feedback yielding more positive values. Additionally, human-based feedback has a significantly positive influence on the variable “Engagement”. A significant difference between the control group and human-based feedback was found, t(127) = 0.05, p < 0.05, with human-based feedback yielding more positive values.

On the other hand, computer-based feedback has a significantly positive influence on students’ GRIT. A significant difference between the control group and computer-based feedback was found, t(118) = 0.00, p < 0.05, with computer-based feedback yielding more positive values. This effect, represented by a Cohen’s d value of 0.74, indicates a medium effect size. Given that effect sizes are typically considered large at values of 0.8 or above, these results suggest a strong trend toward a high effect.

The results illustrate that the different types of feedback do not have a significant influence on the dependent variables “Motivation” and “Engagement”. When considering the influence of “No Feedback” and “Feedback” on the dependent variable “Feedback Evaluation”, it becomes clear that provided feedback has a significantly positive influence on the variable “Feedback Evaluation”. A significant difference between the control group and the feedback was found, t(217) = 0.02, p < 0.05, with provided feedback yielding more positive values. Additionally, “Pass/NoPass” has a significant positive influence on the Feedback Evaluation. A significant difference between the control group and the “Pass/NoPass” was found, t(88) = 0.03, p < 0.05, with provided “Pass/NoPass” yielding more positive values (Figure 3).
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FIGURE 3
Visual mean comparison of the declaration of feedback type (anonymous school grades/credit points vs. social comparison/group feedback vs. Pass/NoPass).


Regarding the dependent variable “GRIT”, it is evident that “Social Comparison” and “Pass/NoPass” have a significantly positive effect. The significance of the results is confirmed with F(3,281) = 0.05, p = 0.02. A significant difference between the control group and social comparison was found, t(88) = 0.01, p < 0.05, with social comparison yielding more positive values. This represents a medium effect size, as indicated by the Cohen’s d value 0.53.

Additionally, a significant difference between the control group and “Pass/NoPass” was found, t(88) = 0.00, p < 0.05, with “Pass/NoPass” yielding more positive values. This also corresponds to a medium effect size, with a Cohen’s d value of 0.64.



4 Discussion

The aim of this study was to investigate the effects of different forms of feedback on the psychological constructs of motivation, engagement and GRIT in 6th and 7th grade secondary school students in Bavaria, Germany. The research specifically aimed to address two main questions: 1) How do different forms of feedback (human-based vs. computer-based) impact the engagement and feedback evaluation of these students? and 2) What is the effect of human-based and computer-based feedback on the GRIT of these students?

Regarding the hypotheses: H 1.1: 6th and 7th grade students who receive human feedback will show higher engagement compared to students who receive computerized feedback.

This hypothesis was partially supported. While human-based feedback significantly enhanced students’ feedback evaluation, it did not show a significant effect on engagement as initially hypothesized. H 1.2: Students will rate human feedback as more helpful and understandable than computerized feedback.

This hypothesis was supported. The findings indicate that human-based feedback significantly improved students’ feedback evaluation, aligning with our prediction. H 2.1: Human feedback will show a smaller effect on students’ GRIT scores than computer-based feedback.

This hypothesis was supported. The results show that computer-based feedback notably improved students’ GRIT, while human-based feedback did not have a significant effect on GRIT scores. H 2.2: Computerized feedback leads to a significant increase in students’ GRIT scores compared to human feedback.

This hypothesis was supported. The findings demonstrate that computer-based feedback had a significant positive effect on students’ GRIT scores, as predicted.

The significant positive effect of human-based feedback on engagement and feedback evaluation aligns with the literature emphasizing the importance of personalized and direct feedback from teachers. This can be attributed to the relational and immediate nature of human interaction, which may foster a supportive learning environment, enhancing students’ perception of feedback. Contrary to our expectations, human-based feedback did not significantly impact engagement, suggesting that the relationship between feedback source and student engagement may be more complex than initially theorized.

On the other hand, the positive influence of computer-based feedback on GRIT suggests that automated feedback systems might effectively support students’ persistence and passion for long-term goals. This could be due to the consistent and objective nature of AI-generated feedback, which provides clear insights that help students focus on their progress and long-term development.

These findings are consistent with previous studies, such as Kochmar et al. (2020) and Hooda et al. (2022), which highlighted the efficacy of AI-generated feedback in improving learning outcomes. Similarly, Gan et al. (2021) underscored the limited impact of teacher feedback on motivation, which aligns with our finding that neither human-based nor computer-based feedback significantly influenced student motivation.

While human feedback can enhance student feedback evaluation, AI-generated feedback can support the development of perseverance and goal-oriented behaviors. The lack of significant effects of computer-based feedback on engagement and feedback evaluation, as well as the unexpected result regarding human feedback and engagement, raises questions about the complex interplay between feedback source and student outcomes.

Future research should explore ways to enhance the relational aspects of computer-based feedback to potentially improve its impact on student engagement and evaluation. Additionally, investigating the reasons behind the null results in motivation and the unexpected findings regarding engagement could provide valuable insights for developing more effective feedback strategies that address all aspects of student psychological constructs.

These results directly address our research questions and hypotheses, demonstrating that human-based feedback positively impacts feedback evaluation, while computer-based feedback enhances GRIT in the studied student population. However, the findings also highlight the need for further investigation into the nuanced effects of different feedback types on various psychological constructs in educational settings.



5 Implications

The presented findings have implications for research and practice, which are summarized below.

The practical implications of these findings are manifold, as this study highlights the significance of feedback in the educational context. Educators and policymakers should consider integrating both human-based and computer-based feedback into the classroom. The results suggest that while human feedback is well-received and promotes short-term motivation, it is insufficient for fostering long-term perseverance. In contrast, computer-based feedback, which strengthens GRIT, should be used to complement the effects of human feedback. Combining both types of feedback could thus harness the best of both worlds while reducing the burden on teachers, as AI-generated feedback is more intensive, longer, and more idea-rich in a shorter period. Depending on the subject matter, student needs, and orientation of the course, the feedback process should be adjusted accordingly. Strengthening GRIT through the systematic implementation of computer-based feedback solutions positively impacts student performance and mental well-being. Regarding the implementation of AI feedback tools, it is also advisable to develop a strategic system model for the school context in each country, allowing education decision-makers to gain a better understanding and subsequently measure strategic educational goals. Wawrzinek et al. (2017) developed a strategic model for higher education, which could serve as a guide here and be systematically integrated into other learning contexts. The introduction of computer-based feedback solutions also represents an effective and significant relief for teachers. In times of increasing staff shortages in schools and an ever-growing number of tasks that need to be performed in addition to teaching and education, such support measures are in high demand and particularly valuable. Country-specific learning and development goals could also be centrally coordinated. AI-generated computer-based feedback provides accurate, precise, and individualized feedback for all students, which has significant implications for the teacher’s role. The teacher is perceived as a learning coach rather than merely an evaluator, thus enabling new forms of engagement with students.



6 Conclusion

This study provides a valuable foundation for the systematic integration of AI-based feedback in daily school settings, making an important contribution to the research on AI’s role in educational processes. The findings demonstrate that combining human and AI-driven feedback not only offers practical advantages for educators but also enables differentiated support for students: while human feedback enhances student engagement, AI-based feedback strengthens perseverance and goal-oriented behaviors. This highlights the potential role of AI systems as a complementary tool in schools, not only to convey learning content but also to foster skills such as resilience and self-regulation.

The study has important implications for research and practice, though it faces several limitations. Its causal design enables causal analysis but prevents representative conclusions. Ethical restrictions confined the study to 6th and 7th graders in Bavarian secondary schools, limiting generalizability to other demographics or cultural contexts. Expanding the scope and using a more representative methodology could improve applicability. Designing online games that mirror the cognitive and emotional aspects of physical games posed challenges, as these may not fully capture skills relevant to motivation, engagement, and GRIT. Self-reports introduced potential response biases, and survey items were not pre-tested for readability. Additionally, observed effects may diminish over time, underscoring the need for longitudinal studies. The study highlights common limitations in psychological experiments, suggesting future research should focus on controlling for moderators and mediators.

Furthermore, the study establishes a basis for future research that could explore the long-term effects of AI feedback systems and examine ways to personalize and adapt these tools to meet individual student needs. These insights are particularly valuable with regard to future AI applications, which may increasingly address the emotional, cognitive, and social aspects of learning. Additionally, future research could focus on comparative studies across different periods of time to understand how the role and impact of AI evolve alongside technological advancements and changing pedagogical practices. Investigating cross-cultural differences could provide insights into how diverse educational systems and cultural contexts influence the acceptance, effectiveness, and ethical considerations of AI-based feedback. Similarly, comparative research among different age groups or developmental stages could shed light on how AI systems need to be tailored to support varying cognitive and emotional needs.

This study also sets a precedent for subsequent research into the practical implementation and ethical considerations of AI in educational contexts. Future studies might delve into questions of scalability, efficiency, and acceptance among students and educators, aiming to gain a comprehensive understanding of the sustainable integration of AI feedback systems in education. Such research could also examine how AI systems can be adapted to address equity issues, ensuring that they support learners from diverse socioeconomic and linguistic backgrounds effectively.

In this way, this study offers a solid foundation for the development of evidence-based strategies for employing AI in schools and encourages the research community, policymakers, and educators to further explore the potential of AI feedback in creating a dynamic and adaptive learning environment.
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Footnotes

1      The Realschule is a type of secondary school in Bavaria, Germany, that builds on year 4 of primary school and comprises grades 5–10: “The Realschule provides a broad general and pre-vocational education. The Realschule is characterized by a self-contained educational programme that also includes vocational subjects. It thus lays the foundation for vocational training and later qualified employment in a wide range of professions with diverse theoretical and practical requirements. It creates the school prerequisites for the transition to further educational pathways up to university entrance qualification” (Bavarian State Chancellery, n.d.).
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