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Abstract 

Evaluation, a cognitive skill which underlies critical thinking, is a key graduate attribute. 

Simultaneously, teaching around Generative Artificial Intelligence (GenAI) has been 

incorporated into Higher Education. Barriers to learning are present in both areas, so 

it was hypothesised that the teaching of both may be enhanced using Experiential 

Learning. This study presents an intervention undertaken with multiple groups of 

undergraduate students with the intended learning outcomes of increasing critical 

thinking and knowledge of GenAI. During the intervention, students evaluated writing 

samples in three groups: those who interacted directly with AI, those who interacted 

indirectly with AI, and those who did not knowingly interact with GenAI. Students 

increased evaluative behaviour by 170% during the intervention, demonstrating 

acquisition of critical thinking skills. This effect was 29% stronger in students who 

interacted directly with GenAI, highlighting the importance of Experiential Learning in 

skills-based teaching. During the intervention, all students discussed prompt use 

and increased their understanding of GenAI. This intervention is predicted to be 

transferrable to many contexts. The results challenge current research that GenAI use 

by undergraduate students may be detrimental for the development of critical thinking, 

and highlight the need for further research into student-AI interaction. 
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Introduction 

Critical thinking features as a graduate attribute at many universities, including the 

University of Birmingham, where evaluation underpins critical thinking (University of 

Birmingham, 2024). Evaluation features as a pinnacle cognitive skill in Bloom’s 

Revised Taxonomy, and is highlighted as an appropriate learning outcome for 

sessions given to undergraduate students (Adams, 2015), making enhancing 

evaluation behaviour an appropriate short- and long-term intended learning outcome 

for undergraduate students. Teaching and learning of critical thinking skills, such as 

evaluation, can be knowledge-based or application-based, but instilling university 

students with critical thinking skills faces many barriers (Dwyer, 2023). Experiential 

Learning has been purported to aid in acquisition of higher order critical thinking skills 

(such as evaluation) in undergraduate students (Adams, 2015). This study sought to 

investigate if Experiential Learning was an effective tool facilitating critical thinking 

development in students whilst they gained knowledge about Generative Artificial 

Intelligence (GenAI). 

GenAI, particularly Large Language Models (LLMs) have influenced higher education 

(HE), offering affordances and hindrances to instructors and students alike. 

Simultaneously, there is an increasing demand for AI-literate graduates (Demos, 

2023). However, barriers exist to teaching GenAI to undergraduates, such as 

developing ethical considerations, and rapidly evolving technology (Demos 2023). 

Recent research showed adults have shown preference for human- over AI-generated 

text (Zhang and Gosaline, 2023). This study hypothesised that this preference would 

extend to undergraduate students. This hypothesis shaped the main aim of the study: 

to examine whether asking undergraduate students to evaluate AI-generated work 

improves student knowledge of GenAI whilst developing their critical thinking. To 

evaluate this, a one-hour intervention was developed with the Intended Learning 

Outcomes of 1) increase knowledge of GenAI and 2) enhance evaluation skills.  

 

Due to the aforementioned challenges in teaching critical thinking and GenAI, 

significant instructor interaction was planned to support students in the Zone of 

Proximal Development (Vygotsky, 1978), encourage engagement, and support 

reflection as part of Experiential Learning (Quibrantar and Obidimma, 2023). It was 
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hypothesised that enhanced critical thinking would be seen in groups who learned 

experientially (Adams, 2015), so this was incorporated via direct interaction between 

students and GenAI. To evaluate if there was a difference in outcome between 

Experiential and non-Experiential Learning, not all students would interact directly with 

GenAI. ChatGPT (OpenAI, 2025) was the LLM chosen for use in this intervention due 

to its free access, popularity and ability to produce text. Prompt engineering would be 

introduced to students to encourage effective interaction with GenAI tools (Wu et al., 

2024), via examination of writing generated using different prompts. The intervention 

was designed to use repetition as a teaching tool for critical thinking (Adams, 2015), 

aiming to enhance retention of evaluation skills over the short- and long-term. As 

cognitive skills such as evaluation are considered higher order (Adams, 2015), Level 

6 undergraduates were initially selected for this intervention. This intervention was 

subsequently repeated on second- (Level 5) and third-year (Level 6) undergraduate 

students. To ensure this intervention was transferrable to different subject areas, and 

that the outcomes of this study would be applicable across higher education contexts, 

reflective writing was the type of text chosen for evaluation, as reflective writing is 

considered a core student activity (Veine et al., 2020) 

 

Methodology 

Study design 

This research project was undertaken during academic years 22/23 and 23/24 at Bath 

Spa University (which acted as pilot studies), and 24/25 at University of Birmingham 

(which acted as the main study). Participants were undergraduate students studying 

Biological or Biomedical Sciences who gave informed consent to participate in this 

study. The number of participants were: 22/23 n=6, 23/24 n=5, and 24/25 n=27, with 

Group A n=9, Group B n=9, and Group C n=9. A one-hour in-person intervention was 

scheduled with the intended learning outcomes of increasing knowledge of GenAI and 

enhancing evaluative skills. Ethical approval for the research outlined in this paper 

was given by the University of Birmingham and Bath Spa University. 
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GenAI use and Experiential Learning 

Group C interacted directly with GenAI, Group B interacted indirectly with AI and 

Group A did not knowingly interact with AI. The manner of this interaction was through 

evaluation of text produced with GenAI. Students also evaluated their own reflective 

writing as part of the intervention. Sources of writing for evaluation were: Own Work 

(students’ own writing), Sample 1 (generated by ChatGPT3.5 using a short prompt), 

Sample 2 (generated by ChatGPT3.5 using a long prompt), Sample 1o (generated by 

ChatGPT4o using a short prompt) and Sample 2o (generated by ChatGPT4o using a 

long prompt). Post-reveal indicates an evaluation stage students engaged in after 

being told the writing they were evaluating was produced by GenAI. 

Evaluative behaviour 

To measure evaluative behaviour, the metric “edits per minute (edits/min)” was 

developed. An edit was considered a single addition, deletion, annotation or 

rearrangement in a piece of writing, and number of edits made was self-reported by 

each student at the end evaluation stage of the intervention. The intervention was 

broken into five stages, during which students evaluated writing samples for five 

minutes. Students also qualitatively evaluated writing using a five-point scale, ranging 

from “very poor” to “very strong” for content, structure and clarity using a Mentimeter 

(Mentimeter, 2025). In the pilot studies, students evaluated Own Work, Sample 1, 

Sample 1 Post Reveal. In the first pilot study, students then analysed Sample 2, 

whereas in the second pilot study, students then interacted with ChatGPT (OpenAI, 

2025). Both cohorts then finished the intervention to returning to evaluate their own 

work. In the main study, all students analysed Own work and Sample 1o. Group A 

analysed Sample 1o, Sample 2o and Own Work; Group B analysed Sample 1o Post 

Reveal, Sample 2o and Own Work; and Group C analysed Sample 1o Post Reveal, 

followed by a direct interaction with ChatGPT 4.o (OpenAI, 2025), then evaluation of 

Own Work. 

Student Experience 

To evaluate their experience of the intervention, students were asked to score 

statements on a five-point Likert scale (Likert, 1932), ranging from strongly disagree 

to strongly agree, with statements of “This session was X”, with X as “interesting”, 

“important”, “fun” and “useful”. 
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Data analysis 

To compare between pilot groups, edits/minute was adjusted to relative edits/minute. 

Data are considered as Starting Evaluation Behaviour (SEB), Maximum Evaluation 

Behaviour (MEB) (the highest evaluation behaviour observed during the intervention) 

and Final Evaluation Behaviour (FEB). 

Statistical analysis 

Excel was used to calculate means and standard deviations and perform statistical 

analysis including paired or unpaired two-tailed T-tests, with Bonferroni’s multiple 

comparison test. GraphPad Prism was used to perform normalcy testing (D’Agostino 

and Pearson), one-way ANOVA with Bonferroni’s multiple comparison test, and 

repeated measures ANOVA with Sidak’s multiple comparison test. For all statistical 

tests, α=0.05 was used, with P<0.05 considered statistically significant. 

Results and Discussion 

Impact of intervention on critical thinking 

The first pilot study appeared to show students increased their evaluation behaviour 

following the intervention (Figure 1a), but this was not statistically significant, possibly 

due to high variation between students and a low number of participants. The second 

pilot study showed students increased their evaluation behaviour by 120% (Figure 1b). 

Students in both pilot studies were more critical of writing which was not their own 

(Figure 1). Students in the second pilot study were more critical of the same writing 

when they knew it was AI-generated (P<0.05), consistent with the hypothesis that 

students prefer text they thought to be human- versus AI- generated. This is consistent 

with research on adult populations (Zhang and Gosaline, 2023). 

At the end of the intervention, students in the first pilot showed significantly less 

evaluation when returning to reviewing their own writing (FEB), compared with the 

maximum they had shown when they evaluated writing produced by others (MEB) 

(P<0.05). However, students in the second pilot did not. This difference was 

hypothesised to be due to the nature of the interaction with AI. These interactions were 

either indirect, as experienced by students in the first pilot study, or direct, as 

experienced by students in the second pilot study. This supported the hypothesis that 

Experiential Learning via direct GenAI interaction would be more effective in 
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developing critical thinking in undergraduates than indirect interaction with AI. This 

was further investigated through revised design in the main study. 

 

Figure 1: Student evaluative behaviour of writing from different sources with indirect and direct 
interactions with GenAI. 

Students sequentially evaluated writing produced by themselves or GenAI. Data 

presented are means of relative edits per minute, ± SD. A) Students interacted 

indirectly with GenAI, n=6. B) Students interacted directly with GenAI n=5. A one-way 

repeated measures ANOVA and Sidak’s multiple comparison test was used with 

α=0.05, * = P<0.05, ** = P<0.005. 

Comparison between pilot study cohorts was limited by an unexpected five-fold 

difference in initial edits/minute. This was partially accounted for by normalising to 

relative edits/minute. However, it was hypothesised that differences in Starting 

Evaluation Behaviour (SEB) could confound results. Furthermore, the temporal gap 

between pilot studies (one year) allows for confounding variables, such as changing 

student perception of GenAI, to occur. Therefore, the main study was designed which 

would split a single cohort into multiple groups to allow for direct comparison. Group 

A was a control group, who were not informed the writing they evaluated was produced 

using GenAI. This allowed for evaluation of the effect of that knowledge of GenAI use 

could have on development of critical thinking. Group B interacted indirectly with 
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GenAI: they evaluated writing generated by GenAI, were told it was AI-generated, and 

asked to evaluate it again. Group C interacted directly with AI, by evaluating writing 

generated by AI, being told it was AI-generated, and then being asked to use AI to 

generate similar writing themselves. In contrast to the pilot studies, no significant 

difference in starting critical thinking was found between groups regarding evaluation 

of their own work (P<0.9999). This facilitated direct comparison of effect of interaction 

with GenAI on student evaluation behaviour. 

GenAI interaction improves student critical thinking skills 

Similarly to both pilot studies, students were more critical of writing they did not 

produce, compared to their own writing (+49%; P<0.0005). This is consistent with 

other research, which indicates undergraduate students are less able to be critical of 

their own work (Guest and Riegler, 2021). Students were also more critical of the same 

writing when they knew it was produced by GenAI (+93%, P<0.0005) (Figure 2). This 

was consistent with the hypothesis of this work, and other research on adult 

populations (Zhang and Gosaline, 2023). All groups increased in evaluation behaviour 

during this intervention (+214%; P<0.0005) and finished the intervention more critical 

of their own writing (+170%; P<0.0001) (Figure 2), meeting one of the intended 

learning outcomes of this intervention (enhanced evaluation). 

 

Figure 2: Student evaluative behaviour on writing from different sources, with no interaction, indirect 
interaction and direct interaction with GenAI. 

Undergraduate students sequentially evaluated their own writing and writing produced 

by GenAI. A) Group A: control; B) Group B: indirect interaction with GenAI; C) Group 

C: direct interaction with GenAI. Data presented are mean relative edits per minute, ± 
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SD; n=27. A one-way repeated measures ANOVA and Tukey B post-hoc test was 

used with α=0.05, * = P<0.05, ** = P<0.005, *** = P<0.0005. 

Experiential Learning enhances development of critical thinking in 

undergraduate students 

Students who interacted with GenAI during this intervention had significantly increased 

final evaluation compared with students who did not (+41%; P<0.0001) (Figure 3a). 

Furthermore, students who interacted directly with GenAI showed significantly critical 

thinking than those who interacted indirectly (+26%; P<0.05) (Figure 3a). This 

supports the hypothesis that direct interaction with AI enhances evaluation behaviour. 

When returning to evaluate their own writing at the end of the intervention, students 

who interacted directly with GenAI were now most critical of their own writing, whereas 

students who did not interact directly with GenAI were still least critical of their own 

writing (P<0.0005) (Figure 3b). These outcomes support the hypothesis presented in 

the introduction: Experiential Learning enhances development of critical thinking. 

 

Figure 3: Effect of direct vs indirect interaction with GenAI on student evaluation. 



Education in Practice online edition                   

9 
 

 

A) Student evaluation of their own writing following different interactions with GenAI. 

Data presented are mean relative edits per minute ± SD; n=27. A two-tailed 

heteroscedastic T-test was used, with Bonferroni’s multiple comparison correction. 

α=0.05, * = P<0.05, **** = P<0.0001. B) Change in student evaluation from writing 

produced by others (non-self) to their own writing (self), following different interactions 

with GenAI. Data are presented as % change in evaluation ± SD; n=27. A one-way 

ANOVA with Sidak’s multiple comparison test was used with α=0.05. *** = P<0.0005. 

The findings of the main study corroborated the pilot studies, supporting the 

hypotheses that interaction with GenAI would enhance critical thinking, and that 

Experiential Learning via direct interaction with GenAI further enhances evaluative 

behaviour in undergraduate students. The intervention was successful over the short-

term as one of the intended learning outcomes of increasing student evaluative 

behaviour (critical thinking). 

Prompt length influences student perception of AI-generated work 

The second intended learning outcome of the intervention was increasing knowledge 

of GenAI. Students were presented with two samples of writing which were produced 

by GenAI: one which was generated using a short prompt and one using a long 

prompt. All students evaluated these pieces of writing prior to knowing they were 

produced by GenAI, scoring them out of five across the criteria structure, content and 

clarity. Writing produced using a long prompt was scored higher by students in 

structure (P<0.0001) and content (P<0.05) than writing produced using a short prompt 

(Figure 4). There was no difference in perceived clarity of work produced using a short 

or long prompt. Following evaluation of the writing, the prompts used to generate the 

writing were revealed to non-control cohorts. Students were informed they had scored 

writing produced using long prompt higher than writing produced using a short prompt. 

This served as a mechanism of stimulating discussion of prompt engineering, 

enhancing student engagement with, and knowledge of, GenAI tools. 
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Figure 4: Effect of prompt length on student score of writing produced using GenAI. 

Student evaluation of writing produced using GenAI, against criteria: structure, content 

and clarity. Data presented are mean score ± SD; n=27. A two-tailed heteroscedastic 

T-test was used, with Bonferroni’s multiple comparison correction. α=0.05, * = P<0.05, 

**** = P<0.0001. 

Experiential Learning facilitates engagement in GenAI 

To evaluate student experience and acquisition of knowledge, students were asked if 

they found the sessions interesting, important, fun and useful. They scored responses 

using a Likert scale (Likert, 1932) on Mentimeter (Mentimeter, 2025). Students scored 

the session a mean of 3.5/5 for interesting, 4.5/5 for important, 2.7/5 for fun and 4.3/5 

for useful (n=22). Students who interacted directly with AI (Group C) scored the 

session higher across all metrics than those who did not (P<0.005). All groups had a 

similar level of student: instructor interaction during the intervention, so the increase 

in student engagement (as measured by interest and fun) appears to be due to direct 

student interaction with GenAI. Students who interacted with AI before discussing 

prompt engineering appeared to gain more knowledge on GenAI than students who 

only discussed prompt engineering, scoring the intervention higher on importance and 
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usefulness (P<0.005). These findings support the use of Experiential Learning when 

teaching GenAI and critical thinking to undergraduate students. 

Discussion and Conclusion 

This study has developed an intervention which enhances evaluation skills to develop 

critical thinking in undergraduate students, whilst improving their knowledge of GenAI. 

In doing so, it demonstrated students acquire and retain greater critical thinking when 

interacting directly with GenAI (compared with indirect interactions). This is consistent 

with Experiential Learning theory and supports the recommendation of a practical 

approach to teaching critical thinking and GenAI skills to undergraduates. 

Application in Different Contexts 

Four main considerations have been identified when applying this intervention to 

different contexts. The first consideration is subject specificity. Whilst this study was 

performed with students studying Biological and Biomedical Sciences, GenAI 

knowledge and evaluation skills are graduate attributes which are near-ubiquitously 

desired, so this intervention is likely highly transferrable to other courses. The second 

contextual consideration is Level of study. Regarding the hierarchical development of 

skills in Bloom’s Taxonomy (Adams, 2015) during undergraduate courses, this 

intervention is recommended for students in their second or third year of 

undergraduate study. However, emerging drive to embed GenAI throughout curricula 

may encourage the development of a similar intervention for first year undergraduate 

students, focussing on increasing GenAI knowledge and development of lower strata 

of critical thinking e.g. application skills (Adams, 2015). Class size is the third 

considered in using this intervention: significant staff: student interaction to facilitate 

the Zone of Proximal Development (Vygotsky, 1978) and to support Experiential 

Learning (Adams, 2015) was employed in this intervention. Future investigation could 

examine if similar outcomes can be achieved with less instructor: student interaction 

and a lower staff: student ratio. The final consideration for applying this intervention is 

format - this session has only been administered during face-to-face teaching sessions 

due to diminished frequency and quality of student: instructor interaction observed 

during online teaching (Wut and Zu, 2021), and the potential for this to negatively 

impact students successfully occupying the Zone of Proximal Development (Vygotsky, 

1978). If this intervention were to be administered online, technology which stimulates 
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and facilitates instructor: student interaction should be used to maintain support for 

students. 

Teaching Perspectives 

Future interventions of this type will continue to use direct interaction between students 

and GenAI, in line with Experiential Learning, to support students to enhance their 

critical thinking and gain knowledge about GenAI usage. Discussion around prompt 

engineering will continue to be incorporated, to give students critical insight into how 

GenAI can used effectively. This discussion will be expanded to include ethical 

considerations around how GenAI should be used. 

Future Research 

Continuation of this research will seek to investigate the long-term effects of this 

intervention, and how this intervention could be improved to maximise retention of 

evaluation skills over a longer period. The results of this study contrast with some 

current research which hypothesises a negative effect of AI-interaction on 

development of critical thinking in undergraduate students (Tian and Zhang, 2025). 

Importantly, students in this study gained insight into prompt engineering, which is 

considered critical for effective interaction with GenAI in Higher Education (Wu et al., 

2024). Therefore, when considering the results of this study alongside other works, it 

is hypothesised to be the type or quality of the interaction which students are having 

with GenAI which may be influencing their critical thinking. Therefore, more research 

into the nature of the GenAI: student interaction and how this effects the development 

of critical thinking in undergraduate students is required. 
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