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MOONS, Filip 

Investigating the use of recommender systems (AI) to make 
the reuse of feedback faster when assessing handwritten 
mathematics tasks 
1. Introduction 
Written feedback is a powerful formative assessment practice in math teach-
ing yet highly labour-intensive. Ways to provide it include digital assess-
ments with fully automated feedback. Unfortunately, learners solve higher-
order thinking questions more naturally using paper and pencil (Hoogland & 
Tout, 2018). Making the process of giving feedback on handwritten tasks 
less labour-intensive is thus crucial. Therefore, in this research project, we 
investigate semi-automated assessment (SA): teachers write feedback on a 
computer on handwritten mathematics tasks by students, and the computer 
saves the given feedback so that it can easily be reused when a following 
student makes a similar mistake. To write 'reusable' feedback, we invented 
atomic feedback: feedback is written as a hierarchical list of feedback items 
(see below), making each item a separate option to reuse. In a previous study, 
the SA software tool was developed to provide atomic feedback and sug-
gested items in a non-intelligent way: it tried to match verbatim what a 
teacher was writing with previously used items. However, one of our study 
results is that teachers tend to forget the exact formulation of their feedback 
items, preventing them from retrieving them in the current system (Moons 
et al., 2022). That is why we are integrating recommender systems in our SA 
software tool, making the suggestion system smarter; removing the need to 
remember (words of) previously written feedback by heart. In the following 
sections, we (1) introduce the idea of atomic feedback, (2) give an overview 
of the previous research results (including a description of the SA tool) and 
conclude with a (3) description of our current research on integrating recom-
mender systems. 

2. Atomic feedback  
How to write feedback that can easily be reused for other students? Long 
pieces of classic feedback are often too targeted to a specific student. Hence, 
we suggest atomic feedback (see Figure 1): a collection of form requirements 
for written feedback that have been shown to make feedback significantly 
more reusable (Moons et al., 2022). To write an atomic feedback item (= 
single bullet point), teachers must:  

• identify independent errors,  
• write small feedback items for each error separately, or 
• if an error is a structural mistake (misconception), create 2 feedback items: 
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o one item containing feedback on the misconception in general, 
o one or more sub-items addressing specific mistakes.  

Atomic feedback items ultimately form a point-by-point list covering only 
feedback items relevant to a student’s solution. The list can be hierarchical 
in order to cluster feedback items that belong together. A comparison of clas-
sic (PP condition) and atomic feedback (SA condition) is presented in Figure 
1. This comprehensive example demonstrates that classic feedback reports 
can be rephrased as atomic.  

 
Fig. 1: A comparison between classic (PP) and atomic (SA) feedback 

3. Previous research results 
For a crossover study with 45 math teachers in Flanders (Belgium), we de-
veloped an SA assessment tool for the e-learning platform Moodle (see Fig-
ure 2). When formulating feedback with the SA tool, they could use key-
board shortcuts (e.g., to indent, insert, or remove items) to create a hierar-
chical list of atomic feedback items (see Figure 2a). When a teacher typed 
something, the system searched the feedback items that had already been 
entered to detect possible matches. Thus, the suggestion system was non-
intelligent. In order to compare the SA approach, we had a traditional, pen-
and-paper-based written feedback condition (PP). Teachers received 60 stu-
dent tasks on linear equations: on half of them, they wrote feedback using 
SA, the other half using PP.  
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Figure 2: Screens of the tool in the SA condition (a) & PP condition (b)  

Our study (Moons et al., 2022) showed that atomic feedback items were sig-
nificantly more reused than items that did not adhere to the definition of 
atomic feedback (odds ratio: 2.6). Meanwhile, results showed no significant 
time differences between conditions (see Figure 3): teachers tend to become 
faster and faster in writing feedback in both conditions, as they get used to 
the task under assessment. Nevertheless, the teachers used the gained time 
to write significantly more feedback with a medium effect size (d = 0.41).  

 
Figure 3: Evolution of teachers' assessment time in both conditions 

Even though the atomic feedback items were reused significantly more than 
the non-atomic feedback items, most of the atomic items were not reused. 
One possible explanation is the non-intelligent suggestion system of feed-
back items during the experiment, which led us to integrating recommander 
systems. 
4. Integrating recommender systems 
A recommender system (Mohanty et al., 2020) is a type of software applica-
tion or algorithm designed to analyse user preferences, behaviours, and pat- 
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terns to provide personalised suggestions or recommendations. These sys-
tems are commonly used in various online platforms, such as e-commerce 
websites, streaming services, and social media. Recommender systems aim 
to enhance user experience by offering relevant content, products, or services 
tailored to individual tastes and preferences. There are different approaches 
to building recommender systems, including collaborative filtering, content-
based filtering, and hybrid methods, each with its unique way of predicting 
and delivering recommendations. We experience some limiations with our 
integration: first, we experience a so-called cold start: no items are available 
for re-use for a new task. Moreover, we can only rely on content-based fil-
tering as we can not suggest feedback items from other teachers.  
Concretely, we experiment with feeding our recommending system with the 
following information: 

• Item popularity: Suggest more popular items first, by just counting the 
number of times a feedback item was re-used. 

• Item distance: Calculate the average distance of a feedback item to already 
selected items. The distance is measured in how many times items co-
occured previously. Closer items are suggested first. 

• Error location: We now allow teachers to indicate where an error has oc-
curred in a handwritten solution, which provides helpful information 
about which feedback items are appropriate. However, this is not perfect 
as some students have a different way of writing down their solutions. 

The first results indicate a recommender system can make the reuse of feed-
back items much more straightforward, making the highly labour-intensive 
- yet critical - job of giving feedback to students easier for teachers. Of 
course, ensuring feedback quality remains vital. 
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