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Abstract: Summative assessments, particularly exams, are the dominant method for evaluating student performance in 
higher education. Although feedback is the single most influential factor in promoting learning, exams are often excluded 
from the good practices highlighted in literature. The gap stems from challenges such as time constraints, large student 
numbers, and institutional policies. While automation could improve feedback processes, most current automated feedback 
systems (AFS) are teacher-centred and do not align with good feedback practices. The present paper uses a design science 
research approach to develop a student-centred AFS for exams in different domains. The system provides a structured setup 
process to guide lecturers in providing high-quality feedback. We utilise expert knowledge in the form of Bloom's taxonomy 
and task types, as well as student data such as points, to generate feedback for each student providing a performance 
overview and suggestions how to improve their exam performance and learning strategies. In addition, the system delivers 
detailed feedback on topics on which the student performed poorly. In an initial evaluation of the student-centred AFS, three 
lecturers successfully used the AFS to generate feedback reports to 1323 students from two large-scale bachelor courses. 
Survey results indicate that the student-centred AFS delivers high-quality, timely, and personalised feedback at scale, helping 
students to adapt learning strategies and to identify deficits. The present work thus contributes to solving the challenges of 
feedback in higher education in general and to solving the exam-specific feedback gap. Additionally, our AFS that is easy to 
adapt for non-experts. We demonstrate the various design features required for such an AFS, including an adaptable domain 
model utilising Bloom’s taxonomy and customisable task types, to ensure applicability across diverse educational domains. 
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1. Introduction 
Assessment is of vital importance for learning and teaching in higher education (Mekonen and Fitiavana, 2021; 
O’Donovan, Rust and Price, 2016). Apart from suggestions to replace traditional assessment methods, 
summative assessments are still the most common assessment method (Alquraan, 2012; Rawlusyk, 2018; Ray 
et al., 2018).  

The process of assessment using exam, consists of setting a learning task for the student to perform followed by 
grading the performance and providing the student with their mark. Assessment feedback is an effective means 
for students to improve their performance and future learning (O’Donovan, Rust and Price, 2016). However, 
feedback practices, contextual constraints and individual challenges can be challenging (Henderson, Ryan and 
Phillips, 2019). 

From the students' perspective, quality of the comments is often problematic in feedback practices. Students 
ask for more and specific feedback and suggestions for improvement. Lecturers are concerned with contextual 
constraints including time constraints and the scalability of feedback practices especially for large courses which 
leads to students not receiving well-crafted and personalised feedback. Individual challenges include the 
lecturers' expertise and understanding of the student. There are also some specific challenges regarding written 
exams (Henderson, Ryan and Phillips, 2019; Scoles, Huxham and McArthur, 2013). The distribution of marked 
exams as feedback prevents their re-use. Furthermore, students could receive assessment content from 
previous students, limiting their own revision of the material (Halinen et al., 2014; Medina and Yuet, 2013; Ray 
et al., 2018). 

The feedback process could benefit from technological innovations (Haughney, Wakeman and Hart, 2020). 
Automating some forms of feedback could save time for lecturers and thus decrease their workload (Debuse, 
Lawley and Shibl, 2008). Many of the current automated feedback technologies are teacher-oriented whereas 
students would potentially profit from a more student-oriented approach adaptable to their needs (Deeva et 
al., 2021). 

The overall goal of the present paper is to develop and evaluate a student-centred automated feedback system 
for exam feedback which overcomes the challenges. 
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2. Theoretical Background 
The relevant theoretical background in learning, assessment and feedback will now be discussed. 

2.1 Bloom’s Taxonomy 

Bloom’s taxonomy classifies mental learning and skills into six cognitive levels, as shown in figure 1, (Bloom et 
al., 1956; Scott, 2003) which we use to categorise exam questions in a hierarchy of complexity (Anderson and 
Krathwohl, 2001; Omar et al., 2012). 

Figure 1: Six cognitive levels based on Bloom at al. 1956 

The knowledge level refers to the memorisation. Comprehension refers to the meaning of information and 
explaining, classifying or interpreting. The application of concepts to specific scenarios means students 
understand and apply a concept. Analysis refers to breaking down information into simpler parts and analysing 
them including inferring relationships. Synthesis is about integrating and combining ideas or concepts into a new 
whole. Evaluation alludes to rating and judging the values of ideas for given purposes (Bloom et al., 1956; Omar 
et al., 2012; Scott, 2003; Starr, Manaris and Stalvey, 2008).  

2.2 Assessment and Feedback 

Assessments are performed by lecturers to collect information about a student’s performance and achievements 
(Gronlund, 1998). Formative assessments are carried out continuously throughout a course (Jacoby et al., 2014; 
Sambell, McDowell and Montgomery, 2012), whereas summative assessments evaluate a student’s 
performance at the end of a course, e.g. in written exams (Gibson and Shaw, 2011; Gronlund, 1998). Summative 
assessments can be combined with supportive feedback and can thus work formatively (Carless, Joughin and 
Liu, 2006).  

Good feedback needs to answer three questions to be effective for the learner: “Where am I going?” (clarifying 
the intended goal or task), "How am I going?” (informing about the performance in relation to the learning goal) 
and “Where to next?” (promoting continuous learning and improvement of performance) (Daka et al., 2021; 
Hattie and Timperley, 2007); it should provide useful information, be specific and personalised (Higgins, Hartley 
and Skelton, 2002), address the unique needs and contexts of the learner, be timely (James, McInnis and Devlin, 
2002), consistent (Holmes and Smith, 2003), legible and detailed (Nicol, 2010) to foster understanding and 
facilitate improvement (Higgins, Hartley and Skelton, 2002). 

3. Related Research 
Automated feedback systems (AFSs) can both grade assessments and generate feedback automatically. 
However, most AFSs focus on the grading. Therefore, they mainly decrease the workload of lecturers. A typical 
AFS deduces the feedback from a domain model, expert knowledge and student data. This is done using a 
feedback generation model, which specifies the type and recipient of the feedback by using student data and/or 
expert knowledge. Most AFSs use feedback generation models that are data-driven (32.1%) or expert-driven 
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(48.6%); only 21% use a mixed approach. The domain model is a structured representation of the domain 
knowledge (Deeva et al., 2021). 

AFSs can be open (allowing lecturers to set key parameters e.g. feedback information) or closed (preventing the 
change of parameters or process). Complex systems may require considerable technical expertise to adapt or 
modify the AFS. If an AFS can be adapted by the lecturer, options exist to adapt the feedback to the requirements 
of the circumstances and students (Shum et al., 2023).  

Types of AFSs include learning management systems, recommender systems and intelligent tutoring systems  
(Schipper, Feskens and Keuning, 2021; Shum et al., 2023). Most AFSs are domain-specific; only 6% are non-
domain-specific and therefore usable universally (Deeva et al., 2021). These non-domain-specific AFSs are 
designed for providing feedback in online assessments (Del Sánchez-Vera et al., 2012) , for providing formative 
feedback in large classes (Schaffer et al., 2017), and for use as part of a learning system for students (Tass 
Grigoriou, Christopher Cheong, and France Cheong, 2015). However, none of them is designed for providing 
feedback on written exams. 

Generative AI can be used to generate feedback (McGowan, Anderson and Smith, 2024; Morales-Chan et al., 
2024; Park, 2023) but lecturers need to review AI feedback and adjust it if necessary (McGowan, Anderson and 
Smith, 2024). 

4. Research Goal and Methodology 
The state-of-the-art shows that most AFSs are not student-centred, focusing primarily on automated grading 
and reducing lecturers' workloads; they require lecturers to possess technical expertise; they are domain-
specific, which can limit their applicability (Deeva et al., 2021; Shum et al., 2023). Consequently, AFSs should 
support lecturers in implementing feedback element; AFSs should be applicable to exams in different subject 
areas; AFSs must fulfil the unique requirements of exam feedback, such as ensuring exams are not leaked during 
the feedback process. To this end, the following research questions are addressed:  

• RQ1: Which properties does a student-centred AFS require to provide high-quality scalable 
feedback across different educational domains? 

• RQ2: How can such an AFS be implemented? 
• RQ3: How do students assess the clarity and actionable quality of the exam feedback generated 

by the AFS? 

To answer these research questions, we follow a design science approach as shown in figure 2 (Hevner et al., 
2004; Hevner, 2007; Peffers et al., 2020). The following chapters provide a detailed description of all the steps 
necessary to answer the RQs. 

 
Figure 2: Design Science Process 

5. Problem Identification and Objective Derivation 

5.1 Problem Identification 

A detailed problem identification is necessary to derive the objectives and justify the solution; it helps to 
understand the problem, which is vital for understanding the argumentation presented (Peffers et al., 2020). To 
this end, a case study in a German university with mostly paper-based exams was conducted. The problem 
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analysis is based on literature, the authors' teaching experience and interviews with three experienced lecturers. 
The derived problems are numbered as P1 to P6. 

Students receive their grade digitally following the grading of the exam and are offered an exam inspection on-
site. Such events might take place much later than the publication of grades. Therefore, receiving timely 
feedback cannot be guaranteed (P1) but timeliness is an important factor for good feedback (Henderson, Ryan 
and Phillips, 2019; Li and Luca, 2014). As exam reviews are handled by experienced lecturers who can provide 
good feedback and advice on how to improve the student’s learning strategy, this could close the previously 
described feedback gap. However, only a small number of students take advantage of the exam reviews and a 
small proportion of attending students ask questions about specific tasks or ways to improve. Furthermore, 
detailed face-to-face feedback in exam reviews is not feasible for large student groups (P2). Taken together, 
most students do not receive feedback that goes beyond the grade which is a general problem in higher 
education (P3) (Scoles, Huxham and McArthur, 2013). 

Another important aspect concerns the distribution of graded exams to students which poses a potential threat 
to the integrity of subsequent exams, as there is a risk that students will not fully engage with the content, 
resulting in a narrow focus on marks rather than a broad understanding. Effective lecturers often reuse existing 
test questions (Appelhaus et al., 2023) due to a high workload which is also one of the most frequently cited 
challenges to good feedback (Henderson, Ryan and Phillips, 2019). Furthermore, there is a need to archive exams 
for several years depending on relevant legal regulations. Therefore, it is not possible to hand out the original 
exams as part of the feedback (P4). 

AFSs are mostly designed for a specific domain (P5) (Deeva et al., 2021) and can thus not provide domain-
independent exam feedback. AFSs are often lecturer-oriented rather than primarily addressing the quality of 
feedback given to students (P6) (Deeva et al., 2021). 

5.2 Objectives of a Solution 

Figure 3 summarises which objectives (called O1-O8) were derived from which problems. The problem analysis 
shows the need for a student-centred (O1) AFS usable in various domains (O2) that can provide high-quality 
feedback to a large number of students in a scalable and timely manner (O3) without the need of exam 
publication (O4). Such AFS needs to be easily adaptable to different exams (O5) and usable for a wide range of 
lecturers (O6). As the need for large data sets can make it difficult to use the system for different exams (Keuning, 
Jeuring and Heeren, 2019), the system should keep the required data simple (O7), to ensure good usability for 
various lecturers. The primary focus of student-centred AFSs should be the production of high-quality feedback 
for students (Deeva et al., 2021). Therefore, the AFS needs to ensure that effective feedback is provided 
addressing the intended goals and the students' performance in relation to these goals. Additionally, the 
feedback should provide instructions and suggestions on how students can further improve their learning and 
performance (O8). 

Table 1: Mapping of Problems to Objectives 
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6. Design and Development 
In the following subsections, steps three and four of the design science research process are conducted.  

6.1 Conceptual Design 

The conceptual design is derived from the objectives (cf. section 5.2). The architecture component of the TAF-
ClaF with its five essential AFS elements is used as a reference (Deeva et al., 2021). (1) The domain model is a 
structured representation of the domain knowledge (Deeva et al., 2021). Such model for the described tool must 
be easily adaptable for different domains. Bloom's taxonomy as an established method for classifying exam tasks 
in various domains (Rawat, Kumar and Singh Samant, 2023) is thus a good foundation for an easy-to-use and 
widely applicable AFS. To support lecturers in classification tasks, the AFS offers task types that can be defined 
by the lecturer (e.g. multiple-choice vs. free-response questions). The tool is thus able to provide feedback with 
suggestions for further improvement based on the individual student’s ability to answer questions with different 
levels of thinking skills required or based on different task types. The feedback can, therefore, be personalised 
for each topic and for each student. (2) The expert knowledge used to derive rules for mapping the domain 
knowledge to student input can be provided by lecturers or educational theories. We use both to give students 
information for improving their learning strategies. (3) The student data required for feedback generation 
(Deeva et al., 2021) are the achieved points in each (sub)tasks. (4) The feedback generation model is a set of 
rules the system provides that uses data, expert knowledge or both to generate the feedback (Deeva et al., 
2021). We use the achieved points in the different tasks and subtasks of an exam, combined with the knowledge 
of different levels of required thinking skills. The general exam feedback informs students of their performance 
on tasks of a specific thinking skill or specific task types and issues hints about what kind of preparation is 
important to improve. These hints are general in nature and can be used for all types of exams. At the task level, 
a description of the learning objectives for each task is provided. The subtasks are grouped according to the 
levels of thinking skills required or their different task types. A general description of the objectives for each 
subtask group is provided. Finally, the students are shown their achieved points in each task and subtask in 
relation to the set points. The lecturers are guided in providing feedback, ensuring that essential information is 
included. (5) The system must be easy to use. Once set up, our system is able to generate and send a structured 
feedback report attached to an email to each individual. The system can work offline and does not need to be 
integrated into a learning system. Figure 4 shows which objectives are fulfilled by which essential element design 
decisions. 

6.2 Development 

We implemented our AFS using Excel to organise information across several spreadsheets for ease of use. The 
AFS backend uses decision mechanisms and an algorithm to calculate and rank the relative and absolute point 
losses for the whole exam and for each task in relation to the classified thinking skill or the type of task, by 
analysing the points lost by a student in each individual subtask. The length of the feedback report can be 
customised by specifying the percentage of points that must be achieved in a task to receive task-specific 
feedback. For each exam, general exam information (e.g., date, title) as well as a threshold for task-specific 
feedback are provided by the lecturer. Based on the number of (sub)tasks and their topics, the AFS recommends 
text blocks for general feedback based on Bloom's thinking skill levels, which can be modified. Task-specific 
feedback includes goal descriptions and suggestions for improvement. The AFS provides a structured set-up 
process as shown in figure 5, containing examples, tips and instructions to the lecturer. Once all text blocks are 
complete, student data is entered, the individualised feedback reports and the emails with the reports attached 
are generated and sent.  
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Table 2: Mapping of Objectives to Design Solutions 

 

 
Figure 3: Setup Process Diagram 

 

242 
The Proceedings of the 2nd International Conference on Education Research, ICER 2025



Stefan Ullmann and Mareike Schoop 
 

 

6.3  Demonstration: Feedback Report 

A generated example feedback report is shown in figure 6. The personal address to the student is followed by 
general information about the exam, details of the grade, the total number of points achieved and the number 
of points necessary for passing the exam. The exam overview table provides an overview of the task information 
including the achieved points in relation the set points. The rows of each task are coloured green, yellow and 
red depending on the percentage of points achieved. This is done to make the report more legible. The second 
page of the report contains general feedback on the student's performance based on the overall exam 
performance for the different thinking skill levels or task types. It contains a description of the task type/thinking 
skill level and hints on how to improve preparation and performance. The feedback includes both general and 
task-specific comments. Currently, students receive feedback for tasks where less than 80% of the points are 
achieved; this number can be adapted for each exam. The detailed task-specific feedback contains a general 
description of the task goal in the exam, followed by descriptions and learning aid for the sub tasks of thinking 
skills/task types where the student lost points. For tasks with more than 80% of the points, appraisal feedback 
is provided.  

 
Figure 4: Example Feedback Report 
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7. Evaluation and Conclusion  
To analyse its usefulness, the AFS needs to be evaluated. 

7.1 Evaluation and Discussion 

The AFS was used to generate feedback for exams of 1323 bachelor students in two different courses. A survey 
assessing the tool was completed by 65 students, cf. figure 7. Note that not all questions were answered by all 
of the 65 students. The survey utilised a 7-point Likert scale (ranging from 1 - 'I totally disagree' to 7 - 'I totally 
agree') and included two yes/no questions.  

Table 3: Evaluation results 

 
The students found the design report clear (M=6.4; SD=1.0; Mdn=7), the information understandable (M=6.3; 
SD=1.2; Mdn=7) and sensibly selected (n=64; M=6.2; SD=0.9; Mdn=6). For 73.8% of the students the report had 
an adequate length. The remaining students found it too long which might be due to different reports having 
different lengths, depending on how the student performed (yes/no question). The points overview table helped 
them to assess their performance (n=64; M=6.3; SD=0.9; Mdn=7); the task-specific feedback helped them to 
recognise learning deficits (n=60; M=5.8; SD=1.3; Mdn=6). Most of the students agreed at least partially that the 
feedback report helped them to adapt their learning strategies for future exams (n=59; M=4.8; SD=1.6; Mdn=5). 
The students replied that they would benefit from such reports in other exams (M=6.4; SD=0.9; Mdn=7). 52,3% 
of students stated that the report would influence their future exam preparations which is a significant success 
given the report was the first one they received. 

In a first evaluation of the setup process, three lecturers used the AFS for two different exams. All lecturers were 
able to set the AFS up and to provide high-quality feedback for their large courses and valued the structured 
process. They mentioned the still time-consuming process of text block definition. 

AFSs can use several complex student data and complex techniques to generate feedback (Deeva et al., 2021). 
To design an AFS that can provide feedback across different educational domains it is important, to use student 
data that is available in different educational domains and design a system that enables the lecturer to modify 
the feedback to make it appropriate for their exam. Whilst some existing non-domain specific systems also use 
Blooms taxonomy (Barker, 2010), we added task types, that can be defined by the lecturer to ensure the AFS 
suits the needs of the particular exam; furthermore, the AFS is usable even if the lecturer is not familiar with 
Blooms taxonomy. 

Whilst some AFSs need programming skills or technical expertise to be modified (Karkalas et al., 2016; Shum et 
al., 2023), our system is usable without technical expertise and even supports lecturers during its setup process, 
as our first evaluation of the setup process shows. 

There are several possibilities to implement an AFS, using programming languages like C++ or tools like Rapid 
Miner (Deeva et al., 2021). We decided to use only tools commonly available in the education field, (namely 
Microsoft Word, Excel and Outlook), to ensure the AFS is usable for all lecturers. 

The evaluation using student surveys as the most common type of evaluation AFSs (Deeva et al., 2021), 
demonstrates that the generated feedback is clear and understandable. We also show that the students asses 
the feedback as actionable, with a majority reporting they can adapt their learning strategies and preparations 
for future exams.  
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7.2 Conclusion 

The evaluation shows that the AFS is able to provide student-centred feedback in a scalable and timely manner 
to large courses. Therefore, we have contributed to solving the challenges of feedback in higher education in 
general and to solving the problems of exam-specific feedback in particular. Further we designed an AFS that is 
easy to adapt for non-experts. We have shown different design aspects required for such AFS, e.g. an adaptable 
domain model utilising Bloom’s taxonomy and customisable task types to ensure applicability across educational 
domains. The AFS integrates expert knowledge and available student data to generate personalised, actionable 
feedback for different types of exams. Additionally, the system provides a scalable, automated implementation 
to ensure timely, consistent feedback without manual intervention. 

Our research faces some limitations. Only 65 of the 1323 students filled in the survey. Therefore, the evaluation 
is seen as a first indicator that our approach is promising. More extensive evaluations are to follow. The usage 
of GenAI for the text block generation is a potential way to enhance the efficiency of the setup process of the 
AFS. Furthermore, we will analyse whether feedback via chatbots can enhance the student experience. 

Ethics Declaration 
This study used anonymised data only. No personally identifiable information was collected, stored, or analysed. 
Therefore, no ethical approval was required. 

AI Declaration 
AI-based tools were used solely for language improvement. 
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