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by Ivan Letteri, Pierpaolo Vittorini, Francesca Tusoni, Leila Fabiani* 

 

 

Abstract: Providing feedback during formative assessment has proved to 

increase learning outcomes. Recently, the authors explored using large 

language models (LLMs) to produce scalable, cost-effective, and time-

efficient feedback. The research focuses on short written answers from 

students concerning the interpretation of normality and hypothesis testing. 

Preliminary findings show promising performance: the LLaMA-3.3-7B 

model achieved an average accuracy of 0.93 in understanding if right or 

wrong, and suitable explanations in over 75% of cases. This study 

examines previously unsatisfactory LLM-generated explanations using 

Retrieval-Augmented Generation (RAG). A blind evaluator scored 64 

responses (three RAG variants and one non-RAG). RAG-based methods 

improved explanation quality, making up to 25% of previously inadequate 

responses satisfactory. Besides the small sample size, these results 

underscore the flexibility of LLMs in multilingual, domain-specific contexts 

and highlight RAG’s potential to enhance performance without retraining. 

Further research is needed to improve the alignment between the LLM’s 

focus and the pedagogical intent. 
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Introduction 

 

Data science has become increasingly important in higher 

education, but it challenges students due to its complex blend of 

statistical and computational concepts. Learners often come from 

diverse academic and cultural backgrounds, making effective 

teaching difficult (Brooks et al., 2021). 

At the University of L’Aquila, data science is taught in 

several degree programs within the Department of Life, Health and 

Environmental Sciences. These courses cater to a wide range of 

students, including young, well-prepared learners and older 

professionals from the health sector seeking career advancement. 

The classes are large — about 200 students — and are expected to 

grow significantly. 

To face these challenges, we launched a research project to 

create an adaptive system that delivers effective, automated, and 

detailed feedback to data science students (Bernardi et al., 2019; 

Vittorini et al., 2020). In recent research (Cofini et al., 2025), we 

started evaluating the feedback returned through LLMs on the 

comments students give about the result of normality or hypothesis 

testing. We measured generally good results, even if, in some cases, 

the feedback was considered unclear or wrong.  

In this paper, we focus on these latter cases and aim to 

understand the potential effect of using Retrieval Augmented 

Generation (RAG) techniques on improving the returned feedback. 

The paper is organized as follows. Section 1 briefly 

summarizes the related work on adaptive systems and LLM in data 

science. Section 2 discusses the theoretical framework, i.e., the 
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pedagogical approaches followed in our research. Section 3 presents 

and discusses the results. Finally, the paper ends with short 

conclusions. 

 

 

1. Related Work 

 

Adaptive learning encompasses a heterogeneous set of 

educational approaches and technological solutions to personalize 

learning pathways. As Choi and McClenen (2020) reported, the use 

of an adaptive computer-based testing system has facilitated both 

students and educators in effectively monitoring learning progress. 

In the medical field, particularly relevant to the present study, 

Gupta et al. (2020) developed a commercial adaptive platform for 

medical students. Most users evaluated the system positively, 

associating it with improved academic performance. 

These findings underscore the critical role of advanced 

technologies in scientific and healthcare education, a context within 

which the present research is situated, i.e., the application of LLMs 

for generating feedback in medical data science courses.  

More specifically, in Vittorini et al. (2020) we provide a 

robust empirical foundation for understanding the effectiveness of 

an adaptive system called rDSA (R Data Science Assignments) in 

data science education. The rDSA system yielded substantial 

results, supported by an empirical evaluation conducted on two 

parallel student cohorts. The findings highlight the importance of 

personalized and elaborated feedback, establishing theoretical and 

practical grounds for integrating generative artificial intelligence 

technologies. 
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2. Theoretical Framework 

 

2.1 Background 

 

The authors developed the rDSA system upon a theoretical 

framework that combines formative assessment, scaffolding and 

elaborated feedback.  

Formative assessment is the process that helps to monitor 

and adapt learning (and teaching) during course development (Black 

& Wiliam, 1998). 

Scaffolding is instead used to guide learners towards their 

zone of proximal development (Vygotsky, 1978), i.e., the range of 

tasks a learner cannot accomplish independently but can perform 

with the help and guidance of a more knowledgeable person or 

system. Adaptive scaffolding is a type of scaffolding method that 

tailors the learning process to the individual learner’s needs.  

Feedback is central to both formative assessment and 

scaffolding and is most effective when it aligns with learning 

theories, such as behaviorism, cognitivism, meta-cognitivism, and 

social constructivism. Three different feedback types exist:  

● Knowledge of Results (KR), i.e., returning if a solution is right 

or wrong, 

● Knowledge of Correct Response (KCR), i.e., returning the 

correct solution in case of mistakes,   

● Elaborated Feedback (EF), i.e., returning clues and hints to 

modify the wrong solution towards the correct one. 

Among them, EF has the strongest positive impact on 

learning outcomes (Mertens et al., 2022).  
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2.2 Applicative Scenario 

 

The rDSA system supports teaching and learning activities 

as follows. 

At the beginning of the course, the professor introduces the 

rDSA system to students and invites them to use it during the 

course. 

Students using the system receive exercises and immediate 

elaborated feedback on the submitted solutions. The rDSA system 

selects the exercises to propose to students through an adaptation 

algorithm (Vittorini, 2023). The algorithm chooses an exercise 

slightly more difficult than the student’s estimated ability. The 

adaptive scaffolding criterion is, therefore, to provide challenging 

but not frustrating exercises. After students receive the exercise, 

they use R to solve it, copy/paste the solution into the system, and 

ask for feedback. The rDSA system proceeds as follows to create the 

elaborated feedback. First, it analyses the R commands, their 

outputs, and the comments given in natural language. Then, it 

compares them with the correct solution provided by the professor. 

Hence, it creates schematic feedback (see Figure 1a), consisting of a 

list of correct/wrong/missing commands and comments, with hints 

and suggestions on how to correctly solve the exercise. Then, with a 

carefully crafted prompt, the rDSA system queries an LLM to obtain 

the final elaborated feedback (see Figure 1b). 
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Figure 1: The types of feedback produced by the rDSA system.  

Schematic feedback is firstly shown, and elaborated feedback is secondly depicted 

 
(a) Schematic feedback 

 
(b) Elaborated feedback 
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3. The Study 

 

3.1 Material and Methods 

 

This study focuses on the explanations given to 16 

comments that in previous research were considered unsatisfactory 

(Cofini et al., 2025). 

To this end, we collected both the original non-RAG 

explanations (NR), and the new explanations generated using RAG 

with three distinct embedders, i.e., FastText (FT), HuggingFace (HF), 

and FastEmbedder (FE). All explanations were produced by the 

LLaMA-3.3-7B model. 

The dataset was organized within a spreadsheet comprising 

four primary columns: the first containing the instructor’s correct 

solution; the second recording the student’s erroneous response; the 

third detailing the prompt-engineering instructions submitted to the 

AI model; and the fourth capturing the four outputs generated by 

the system. 

To assess the quality of the explanations, a protocol was 

established based on four key dimensions. Technical correctness was 

defined in terms of statistical accuracy and adherence to underlying 

methodological principles; pedagogical clarity was evaluated 

according to the comprehensibility of the explanations for the 

student who originally committed the error; completeness measured 

the extent of depth and coverage of the specific error; and 

educational utility considered the effectiveness of the explanations 

in guiding the student towards conceptual understanding and error 

rectification. In addition, the syntax and style of the explanations 

were also analyzed, although the latter parameter did not contribute 

to the overall judgment. 

Following the protocol above, the evaluation was done 

blindly by a doctoral student with knowledge of statistics, who 



Ivan Letteri, Pierpaolo Vittorini, Francesca Tusoni, Leila Fabiani 

LEVERAGING LLM WITH RAG FOR FEEDBACK IN MEDICAL DATA SCIENCE COURSES 

__________________________________________________________________ 

52 
 

assigned an overall rating to the explanations, using a 5-point Likert 

scale (1=inadequate, 2=sufficient, 3=good, 4=very good, 5=excellent). 

As a concise measure, we consider a rating ≥3 to be satisfactory. 

This approach enabled a systematic and objective comparison of the 

impact of three embedders on the quality of the generated 

explanations of different RAG configurations using human feedback. 

 

3.2 Results 

 

All explanation options for each wrong answer were 

analyzed, for a total of 64 explanations. Only NR explanations 

adopted an informal response style, while all others used a formal 

style. 

Syntax analysis revealed excellent syntactic performance in 

about half of the explanations and perfectible syntax in the other 

half, with no major differences between explanation types. 

Content analysis showed what follows. FE and NR scored 

the worst: FE never scored satisfactory (i.e., score ≥ 3), while NR 

scored satisfactory in only 6% of cases. HF and FT got the highest 

scores, their explanations being judged satisfactory in 25% and 19% 

of cases, respectively. 

 
Table 1: Summary of the evaluation results 

 

Method % of satisfactory explanations 

FastEmbedder (FE) 0% 

Non-RAG (NR) 6% 

HuggingFace (HF) 25% 

FastText (FT) 19% 

 
3.3 Discussion 

 

The results show that RAG can be helpful in improving 

explanations, even if the adopted embedder plays a crucial role.  
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Nevertheless, in most cases, the LLM failed to understand 

the student’s error. In many examined cases, the students provided 

correct reasoning, although based on results that differed from 

those expected. Thus, the error lies in calculating/understanding 

the p-value and not in the inferences based on that value. However, 

most of the explanations (86%) were not based on correct 

identification of the error committed by the student but instead on 

the provision of general reflections on the subject matter of the task.  

In some cases (26%), although formally correct, the 

explanations provided contained unnecessary clarifications and, 

therefore, were irrelevant or useless for the student.  

Downstream of the results, it is possible that the HF 

embedder benefited from sentence-level representations, thanks to 

the all-mpnet-base-v2 model trained with contrastive learning (Oord 

et al., 2018 and Reimers et al., 2019), which brings semantically 

related sentences closer in the embedding vector and moves 

dissimilar ones further away, improving semantic alignment in 

retrieval. Similarly, the FT embedder, based on n-grams of 

characters (typically from 3 to 6), robustly represents the Italian 

morphology and should guarantee more accurate vectors for 

technical terms.  

The present study has some limitations. Firstly, the small 

number of explanations considered may influence the analysis 

results. Secondly, although the evaluation was blind, it was 

conducted by only one student so that it may be biased by subjective 

perception.  

Despite these limitations, the study represents a first step 

towards improving the use of LLM in university education. 

Improving the ability of LLMs to provide effective feedback can 

support self-learning while containing economic expenditure. 
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Conclusion  

 

The paper explored the use of retrieval-augmented 

generation with different embedders to understand its ability to 

improve feedback in the context of explaining to students why a 

comment given to a normality or hypothesis test was incorrect. 

Despite the limited sample size, the findings emphasize the 

adaptability of large language models in multilingual, domain-

specific scenarios and illustrate the potential of retrieval-augmented 

generation to boost performance without extensive retraining. The 

Hugging Face multilingual model demonstrates promise for 

handling cross-language tasks. Additionally, the study observed 

that LLMs tend to overlook correct answers when positioned in the 

middle of a prompt, raising concerns about how these models 

prioritize different parts of the input. Moreover, the main issue is the 

inability of the LLM to understand the actual reason for the mistake, 

sometimes returning correct (but out-of-context) explanations. 

More research is needed to better align the model’s attention 

with educational goals. 
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