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Abstract
Giving feedback to peers can be a valuable learning experience for a feedback provider. However, different types of products 
require different types of feedback, which, in turn, may lead to different learning outcomes. The current study investigates 
the effect on the learning of feedback providers of reviewing different types of products. Secondary school students (n =127) 
were randomly assigned to one of the two conditions: giving peer feedback on either concept maps or answers to open-ended 
test questions. Both types of product, created by the researchers, were comparable with regard to content: they included  
the same misconceptions and were both of average quality. Giving peer feedback was part of a chemistry lesson delivered 
in an online inquiry learning environment. Students’ post-test scores, their own learning products, and the quality of the 
provided feedback were analysed to check for an effect on learning. There was no difference in post-test scores between 
the conditions, but the quality of the provided feedback predicted post-test scores. This indicates that it is not the type of 
product reviewed that matters, but the effort that students put into giving feedback. Possible implications for practice and  
further research directions are discussed.
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Introduction

Peer assessment has a positive effect on learning, espe-
cially if the process is computer-mediated (Li et al., 2020). 
This became clear from a recent meta-analysis conducted 
by Zheng et al. (2020) that included 37 empirical studies 
of technology-facilitated peer assessment. Their findings 
demonstrated a significant and medium-sized effect of  
technology-supported peer assessment on learning. Students 
involved in peer assessment had higher test scores and cre-
ated higher quality learning products than those who were 
not involved.

Peer Feedback

Peer feedback is part of peer assessment, inasmuch as peer 
assessment usually consists of two processes: giving feed-
back to and receiving feedback from peers. Overall, the for-
mer is considered to be more beneficial for learning than the 
latter (Ion et al., 2019; Li & Grion, 2019; Phillips, 2016). 
This can be attributed to the fact that giving feedback (that 
is, reviewing) requires more active cognitive involvement 
with the product and the material than receiving feedback. 
When reviewing a peer’s work, students must perform sev-
eral cognitive activities. Not only do they have to think about 
the important characteristics of the reviewed product and 
evaluate whether the product lacks any of those character-
istics, but they also need to think of ways to improve the 
product accordingly. Moreover, if students give feedback 
on the same type of learning product that they must pro-
duce themselves, they get an opportunity to see the same 
product completed by peers who used a potentially different 
approach or adopted a different angle, which can enrich their 
understanding of the topic. For example, Wu and Schunn 
(2020) found that having secondary school students provide 
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comments on writing drafts led to their revising of their own 
drafts and to more learning.

A number of studies have shown that the quality of 
the product affects how much a feedback provider (that 
is, a reviewer) learns (Alqassab et al., 2018; Patchan & 
Schunn, 2015; Tsivitanidou et al., 2018). One explanation 
for such an influence is that the quality of the product deter-
mines the type and amount of feedback. For instance, feed-
back on a lower quality product would involve identifying 
more problems and suggesting more solutions than giving 
feedback on a higher quality product, while spotting one 
mistake in a product of generally good quality could be more 
challenging than finding many mistakes in a lower quality 
product. There can also be an interaction effect between the 
reviewed product’s level of quality and the reviewer’s prior 
knowledge. Because students with higher prior knowledge 
understand the topic and potentially know the product better, 
they might be better able to find mistakes and suggest solu-
tions for improving reviewed products than students with 
lower prior knowledge. These considerations are important, 
as the quality of the feedback they give influences reviewers’ 
learning, which was shown, for example, in a study by Li 
et al. (2010) demonstrating that the quality of the provided 
feedback had a significant relationship with reviewers’ own 
learning products.

The influence of the reviewed product’s characteristics 
on the reviewer’s learning might also be true for the type 
of product reviewed, as processing information presented 
in different forms may require different cognitive activities 
(e.g., Kalyuga & Plass, 2017), so the feedback can be dif-
ferent. One type of product can stimulate more higher-order 
thinking than another type, and thereby lead to different 
learning gains for the reviewer. Students’ understanding of 
a topic can be demonstrated in different types of products, 
but these products can present that understanding in differ-
ent ways. Comparing the process of giving feedback and the 
feedback given for different products can shed some light on 
the learning that originates from giving feedback, which will 
be explored in the next section.

Type of Products Reviewed

The current study aims to investigate the role of the type 
of reviewed product in the reviewer’s learning by compar-
ing the process and results of giving feedback for two types 
of products: concept maps and answers to open-ended test 
questions. Both products were of a smaller scale (compared 
to papers or essays), reflected understanding of a topic and 
were used in secondary education. Concept mapping is a 
way of presenting a domain topic through concepts and 
the connections between them. Concept maps contribute 
to deeper understanding of a topic, as they encourage stu-
dents to think about such connections (e.g., Novak, 2010). 

Schroeder et al. (2018) conducted a meta-analysis on the 
effect of concept mapping on learning, which included 63 
studies. The authors demonstrated a moderate overall effect 
of concept mapping on learning; moreover, this effect was 
found across different domains. The same meta-analysis 
found that working with concept maps was especially ben-
eficial for secondary school students.

As concept maps provide a way to visualise knowledge 
through relations between key concepts, which was shown to 
be good for learning, concept maps should be a good product 
to review in order to learn from that process. Indeed, for 
example, Chen and Allen (2017) demonstrated that not only 
did concept mapping itself lead to more conceptual under-
standing, but also students who reviewed peers’ concept 
maps learned more about the topic than students who did not 
participate in reviewing. However, reviewing peers’ concept 
maps can be a rather challenging task for students. Concept 
mapping itself is a skill that needs to be developed, and giv-
ing feedback on such a product requires deeper understand-
ing of the topic (e.g., Cañas et al., 2017). The general and 
aggregated view presented by concept maps can also be an 
obstacle for some students when trying to provide feedback, 
as reviewing a concept map could require greater compe-
tence from them: their prior knowledge should be complete 
enough to understand the connections or provide suggestions 
for improvement (e.g., Novak & Cañas, 2006). This means 
that reviewing concept maps may not be equally beneficial 
for students with different levels of prior knowledge.

The other type of reviewed product was answers to 
open-ended test questions, as the questions may be simi-
lar to concept maps in terms of presenting the main con-
cepts related to the topic and connections between them. 
This means that such answers may require deeper thinking, 
as do concept maps. However, the difference is in the way 
information is presented: answers to open-ended test ques-
tions present information more explicitly than concept maps, 
which may make a mistake more obvious and the process 
of giving feedback easier. Giving feedback on answers to 
open-ended test questions includes identifying mistakes 
in the answers, which is also called an error-detection task 
(Adams et al., 2019). Such tasks are widely used in many 
school subjects: students need to find a mistake in a given 
sentence or example, explain what the mistake is and sug-
gest a correction. This makes answers to test questions much 
more common and familiar products to review. Moreover, 
according to Adams et al. (2019), training students in error-
detection tasks leads not only to their identifying more mis-
takes, but also to their giving better feedback to peers about 
those mistakes. In other words, if students practice these 
tasks often enough, they can give better feedback. To sum 
up, answers to test questions may present information in a 
more straightforward way and be more familiar for students 
than concept maps, which may make them an easier product 
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to review. However, reviewing answers to open-ended test 
questions might not create a cognitive challenge equal to 
that of reviewing concept maps. Moreover, the experience 
of such challenge can depend on students’ prior knowledge. 
Altogether, this may mean that learning that arises from giv-
ing feedback on concept maps and on answers to open-ended 
test questions can be different.

Research Questions

As described above, giving feedback on concept maps can 
stimulate more and deeper thinking than reviewing answers 
to open-ended test questions, but concept maps can also be 
more difficult to review. Answers to open-ended test ques-
tions present information in a more common and straight-
forward way that is easier to review, but, as a consequence, 
they may require less in the way of deep thinking.

This leads to the following research questions: How does 
the type of reviewed product (concept maps or answers to 
open-ended test questions) affect peer reviewers’ learning? 
Is there a differential effect for students with different levels 
of prior knowledge?

As learning can be measured through different products, 
in the current study, learning is assessed through several 
outcomes of students’ work: post-test scores, the quality of 
students’ own concept maps, and the quality of the provided 
feedback.

Method

Participants

The sample consisted of 157 Dutch secondary school stu-
dents (third grade in the Dutch school system) from the same 
school, with an average age of 14.89 years (SD = 0.40). 
Students in six classes took part in the experiment. The cri-
teria for inclusion, apart from being a student in a partici-
pating class, were attending both lessons that were part of 
the experiment, completing the pre-test and post-test, and 
providing feedback. Applying these criteria reduced the 
group to 127 students (59 girls and 68 boys). The majority 
of excluded students missed one or both lessons because of 
illness.

In each class, students were randomly assigned to one of 
the two conditions: giving feedback on concept maps (CM 
condition), 66 students; and giving feedback on answers to 
open-ended test questions (test condition), 61 students.

Study Design

In the current study, participants were asked to give feedback 
on (fictitious) peers’ learning products. In both conditions, 

they were supported in this process by assessment criteria 
that were relevant to the product type. Such criteria aimed 
at making the process of giving feedback more natural than 
when standard assessment criteria that relate poorly to the 
particular product are used. In the CM condition, students 
were asked to give feedback on two concept maps using 
assessment criteria presented in a question form, which 
guided students in the direction of the desired features of 
a concept map. The assessment criteria were rather general 
and not specific for the domain. This approach was based 
on the study by van Dijk and Lazonder (2013), in which 
the most important characteristics of a concept map were 
discussed. The questions used in this study as guidelines for 
giving feedback on concept maps are presented in Table 1.

In the test condition, students were asked to give feedback 
on answers to open-ended test questions and guided through 
this process, as they needed to indicate if the answer was 
correct or not and, in case of an incorrect answer, to explain 
what the mistake was. These answers to test questions cov-
ered the same concepts, relations, and misconceptions as the 
two concept maps in the other condition.

Procedure and Materials

The lessons were given in the students’ native language 
(Dutch) and followed the national curriculum for chemistry. 
The topic fit into the regular programme of study, and pre-
sented the theme of matter and elements, and in particular, 
atomic structure. The experiment included two sessions (50 
min each) and took place during two successive chemistry 
lessons, according to the regular timetable of the participat-
ing classes. These sessions occurred within 5 days for all 
classes. All tests (pre- and post-) and working in the ILS 
(see below) were done online, with each participant working 
individually on a computer.

At the beginning of the experiment, a brief introduction to 
the goals, procedure, and privacy rules was given. Students 
could ask to withdraw their data from the analysis, but they 
still had to complete the tasks as part of their learning pro-
gramme. The researcher was present during the lessons; par-
ticipants could ask questions about the procedure or tools, 
but not about the content.

Table 1  Assessment criteria for giving feedback on concept maps 
(translated from Dutch)

1. What important concepts are missing?
2. How would you change the structure of the map?
3. Which links should be renamed to be more meaningful?
4. What examples should be added?
5. Why is this concept map helpful or not helpful for understanding 

the topic?
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The lessons were built with the help of the Go-Lab eco-
system (see www. golabz. eu). This ecosystem allows the crea-
tion of inquiry learning spaces (ILSs) that guide students 
through the inquiry process (de Jong et al., 2021). By fol-
lowing an inquiry learning cycle, students explore a scientific 
phenomenon in a way resembling scientific research. The 
cycle includes several phases (orientation, conceptualization, 
investigation, conclusion, and discussion), each having a par-
ticular purpose in the inquiry process (Pedaste et al., 2015).

The timeline of the experiment and the content of each 
lesson are shown in Fig. 1.

The Concept Mapper tool and the online lab used during 
the lessons are shown in Figs. 2 and 3.

All reviewed learning products (concept maps and test 
answers) were created by the research team. This was done for 
experimental control to ensure that participants assessed the 
same products and had the same opportunities for learning from 
giving feedback on them, as the quality of the reviewed prod-
uct influences the feedback-giving process and its outcomes 
(see, e.g., Patchan & Schunn, 2015). To create a more realistic 
setting, students were told that the products came from other 

students, probably from a different school. The products for 
both conditions were of medium quality, presenting both right 
and wrong information. Moreover, products for both conditions 
included the same three misconceptions: an electron has a mass, 
a neutron has a charge, and neutrons define the element.

In the CM condition, students gave feedback on two concept 
maps, one after the other. We decided to split one complex con-
cept map into two to make them more manageable for students. 
Apart from misconceptions, both concept maps had some impor-
tant concepts missing, and not all of the concepts were connected; 
in other words, they both had some room for improvement.

In the test condition, participants commented on answers 
to test questions. The answers to the five open-ended ques-
tions included two correct and three incorrect answers. Stu-
dents first had to identify the incorrect ones and then had 
to explain what was wrong with the answer for those cases.

Students gave their feedback anonymously using a spe-
cial peer assessment tool. The tool allowed them to see the 
reviewed products and the assessment criteria and to write 
their comments. The view of the peer assessment tool for 
both conditions is presented in Fig. 4a, b.

Refreshing
(a brief recap of the

previous lesson
inlcuding a small

quiz)

Applying
(applying new
knowledge to

complete small
tasks on atomic 

structure)

Assessing
(giving feedback on
peers' products and

reworking own
concept map)

Post-test 
(max 15 min)

Pre-test 
(max 15 min)

Star ng
(introduc on of the

lesson goals and
procedure; a brief 

video with the main
concepts)

Preparing
(concept mapping
the topic of atomic 
structure using pre-

defined and own
concepts)

Inves ga ng
(exploring the

atomic structure in
an online lab)

Fig. 1  Timeline and content of the experimental sessions (the names are translated from Dutch)
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Pre-tests and post-tests were parallel versions and con-
sisted of six open-ended questions each, with a maximum 
score of 11 points. The tests were considered parallel, as they 
addressed the same concepts but in differently formulated 
questions. Cronbach’s alpha was 0.43 for the pre-test and 
0.61 for the post-test. The low value for the pre-test could 
be explained by the very low pre-test scores (see Table 4). 
The value for the post-test was also on the lower side, which 
can be connected to the fact that the scores were not that 
high (on average 6 out of 11). Tests were developed to check 
knowledge and understanding of the topic of the ILS only, 
and did not include potential extra items checking the same 
construct. There were three types of questions used: those 
checking knowledge (1 point), those requiring application 
of knowledge (2 points), and those requiring understanding 
the connections between the concepts (3 points). Examples 
of each type of question are given in Table 2. Moreover, for 
questions with more than one point, a coding scheme was 
used for a partially correct answer. It awarded more points 
for argumentation explaining the connection between the 
concepts (see Table 3 for an example).

Analysis

First, the pre-test and post-test consisted of open-ended ques-
tions that needed to be scored. The scoring was done by apply-
ing the coding scheme, which was developed by the researchers 

and approved by participating teachers. The scheme included 
the right answers and corresponding points. A second rater 
graded 20% of the pre-tests and post-tests to estimate the inter-
rater reliability, which was found to be good, with Cohen’s 
kappa being 0.92 for the pre-test and 0.74 for the post-test.

Second, the final versions of the students’ own concept 
maps (after giving feedback) were coded. The fact of stu-
dents’ changing their concept maps after giving feedback 
was coded as 1, while not changing was coded as 0. The 
following criteria were used to code characteristics of the 
concept maps:

• Proposition accuracy score — the number of correct 
links;

• Salience score — the proportion of correct links out of 
all links used;

• Complexity score — the level of complexity.

The coding aimed at evaluating the quality of the concept 
maps through the main concepts and links between them, 
and not through comparing the student’s concept map with 
an exert concept map. This approach was chosen because 
students could have very different ways of presenting their 
ideas in a concept map, and any way was considered poten-
tially valid.

The type of scale used and maximum number of points 
differed per score. The proposition accuracy score had no 
set maximum, as students could not only use pre-defined 
concepts, but also add their own relevant concepts and cre-
ate new links. The maximum for the salience score was 
one, by definition. Finally, the complexity score aimed to 
discriminate concept maps with different structures. A lin-
ear construction (“sun” or “snake” shaped) would get one 
point, while a hierarchical structure with more than one level 
would get two points.

A second rater coded 20% of the concept maps, with 
Cohen’s kappa reaching 0.62. This is an acceptable yet mod-
erate result. As the scales for assessed characteristics were 
continuous scales and Cohen’s kappa is less informative for 
a continuous scale variable, a Pearson’s correlation was also 
used to check the inter-rater agreement, with r = 0.95 (p < 
0.01). Together with the Cohen’s kappa value, this suggested 
that the scoring was reliable.

Third, the quality of the feedback given by students 
was evaluated. For the concept maps condition, the aim 
of the feedback was to provide correct and/or (potentially) 
useful comments characterising the concept map that was 
reviewed. A comment was coded as correct if it was accu-
rate in terms of the domain (chemistry) and as useful if it 
also contained an explanation from the domain perspec-
tive. Each correct and useful answer received one point; 
any additional suggestion for the same question received 
half a point. Feedback for each concept map was assessed 

Fig. 2  View of the Concept Mapper tool (translated from Dutch)
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separately, and the average of the two scores was used 
as the final score for the quality of feedback. Taking into 
account the main missing concepts and mistakes included 
in the concept maps, the maximum score for the quality of 
the feedback was expected to be eight points.

For the test condition, the aim of the feedback was to identify 
incorrect answers and provide an explanation of what was wrong. 
One point was given for each accurate identification of the cor-
rectness/incorrectness of an answer and one point for each viable 
explanation of why an answer was incorrect. With three incorrect 

Fig. 3  View of the online lab (English version, same as the Dutch version used in the lesson). Images by PhET Interactive Simulations, Univer-
sity of Colorado Boulder, licensed under CC-BY 4.0 https:// phet. color ado. edu

Fig. 4  a View of the peer assessment tool for the CM condition (translated from Dutch). b View of the peer assessment tool for the test condition 
(translated from Dutch)
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answers out of five, the maximum score for the quality of feed-
back was eight points. A second rater coded 20% of the feedback 
given for both conditions, with Cohen’s kappa being 0.86.

Results

The difference in pre-test scores between the conditions 
was not significant: MCM = 2.00 (SD = 1.47) and MTEST 
= 1.97 (SD = 1.73), t(125) = 0.12, p = .91 (see Table 4).

For further analysis, participants were divided into three 
groups based on their pre-test results. The groups were low 
prior knowledge (pre-test score lower than 1 SD below the 
mean for the entire sample), average prior knowledge (pre-test 
score within 1 SD above or below the mean), and high prior 
knowledge (pre-test score higher than 1 SD above the mean). 
The overall distribution of students among the low, average, 
and high prior knowledge groups in our sample was 14, 90, 
and 23 students, respectively.

Descriptive statistics for all prior knowledge groups and 
both conditions are presented in Table 4.

Learning Gain

As a prerequisite for further analyses, whether students 
learned during the experimental lessons was first checked. 
As post-test scores were not normally distributed, a non-
parametric Wilcoxon signed-rank test was used for pre-
test and post-test scores. The results showed that students 
learned during the lessons, as a whole group and in each 
condition (ZCM = 6.80, p < .01; ZTEST = 6.53, p < .01; Z 
= 9.41, p < .01).

Effect of Condition on Post‑test Scores

Second, an ANOVA was conducted to answer the research 
questions about the influence of the type of product reviewed 
(concept maps or answers to test questions) and prior knowl-
edge on the post-test scores. Condition and prior knowledge 
level were used as independent variables and post-test score 
as the dependent variable. No main effect was found to be 
statistically significant for either of the variables, nor was 
there an interaction effect. The pairwise comparisons were 
not significant either.

The Quality of Students’ Own Concept Maps

As students in one condition reviewed concept maps and stu-
dents in the other condition reviewed answers to test ques-
tions, but students in both conditions had to create their own 
concept maps, we expected there to be a difference between  
the conditions in the quality of the final concept maps pro-
duced, which was checked with a non-parametric independent- 
samples Mann–Whitney U-test. The descriptive statistics  
for the variables used are presented in Table 5. No statistically 
significant differences were found for any of these variables.

A regression analysis was conducted to see if the quality 
of what students produced while working in the ILS — their 
own concept maps and feedback given on fictitious peers’ 
products – predicted their post-test scores. Apart from the 
characteristics of the students’ concept maps, the fact of 
changing their concept map after giving feedback was also 
included in the analysis, as well as the quality of the feedback 
given and students’ prior knowledge. The coefficients for the 
independent variables included in the analysis are shown in 
Table 6. As for the quality of students’ own concept maps, 
proposition accuracy (number of correct links) was found to 
be a significant predictor of post-test scores, with the post-test 
score increasing by 0.35 points when the proposition accuracy 
increased by 1 point and all other variables stayed the same.

The Quality of Feedback Given

Even though the products to give feedback on were differ-
ent in the two conditions, students in both conditions were 
supported in the process of giving feedback by assessment 
criteria matching the product type.

A non-parametric independent-samples Mann–Whitney 
U-test showed that the difference in feedback quality was sig-
nificant (U = 1547.50, p = .046), with feedback on answers 
to test questions being of higher quality overall than feedback 
on concept maps1.

Table 2  Examples of the test questions (translated from Dutch)

Question Points

What does the atomic number give information about?
A particle has 6 protons, 5 neutrons and 7 electrons. What is 

the charge of the particle?
A particle has 16 electrons. Can you say what element it is? 

Why/why not?

1
2
3

Table 3  Example of a coding scheme for a test answer (translated 
from Dutch)

Question Answers Points

A particle has 16 
electrons. Can 
you say what 
element it is? 
Why/why not?

No, I cannot. 1
No, I cannot. We need to know the number 

of protons.
2

No, I cannot. We need to know the number 
of protons, because protons define what 
element it is.

3 1 Due to technical reasons, the feedback from two participants was 
not saved, so the feedback of 125 participants was used for this analy-
sis.
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As the regression analysis above demonstrated (see 
Table 6), the quality of the feedback given was a significant 
predictor of post-test scores, with the post-test score increas-
ing by 0.47 points when the quality of feedback increased by 
1 point and all other variables stayed the same.

The statistically significant predictors of the post-test 
score (i.e., proposition accuracy score and quality of feed-
back given) were not found to be correlated with prior 
knowledge (pACC URA CY = .064, pFEEDBACK = .158).

Conclusion and Discussion

The current study aimed to determine whether review-
ing different types of products (in our case, concept maps 
and answers to open-ended test questions) would lead to 

different learning results. Below, we present conclusions 
based on the results obtained and their interpretation for 
practice.

First, it was expected that post-test scores might differ 
between the conditions, as the reviewed products (concept 
maps and answers to test questions) differ in the way they 
present information and in their level of familiarity for 
students. Our review of literature did not give a clear indi-
cation of which condition should show higher results. On 
the one hand, reviewing concept maps might lead to bet-
ter conceptual learning (and thus, higher post-test scores) 
than reviewing answers to test questions, as concept maps 
help to visualise relationships between key concepts 
(e.g., Chen & Allen, 2017; Schroeder et al., 2018). On the 
other hand, test answers are more familiar to students and 
present information in a more straightforward way than 

Table 4  Test scores by 
knowledge level and condition 
(maximum score is 11)

Low prior knowledge Average prior knowledge High prior knowledge Total

M SD M SD M SD M SD

CM condition n = 4 n = 51 n = 11 n = 66
Pre-test 0.00 0.00 1.57 0.70 4.78 0.91 2.00 1.47
Post-test 5.00 4.00 6.73 2.58 6.18 2.93 6.53 2.71
Test condition n = 10 n = 39 n = 12 n = 61
Pre-test 0.00 0.00 1.56 0.72 4.92 1.00 1.97 1.73
Post-test 5.80 3.23 6.00 3.00 7.42 2.68 6.25 3.02
Total n = 14 n = 90 n = 23 n = 127
Pre-test 0.00 0.00 1.57 0.70 4.83 0.94 1.98 1.59
Post-test 5.57 3.32 6.41 2.80 6.83 2.81 6.39 2.85

Table 5  Concept map 
characteristics by condition 
(maximum scores explanation is 
given in the analysis part)

CM Concept map

Maximum score CM condition Test condition

n = 66 n = 61

M SD M SD

CM proposition accuracy n/a 7.30 3.60 7.11 4.02
CM salience 1 0.66 0.26 0.62 0.30
CM complexity 2 1.92 0.32 1.82 0.50

Table 6  Regression coefficients 
for quality of concept map and 
feedback given to predict post-
test scores

CM Concept map

B B standardised t p

Changed CM after giving feedback 0.598 0.101 1.268 0.207
CM proposition accuracy 0.346 0.458 4.040 0.000
CM salience −1.069 −0.101 −0.959 0.339
CM complexity 0.236 0.035 0.398 0.691
Quality of feedback given 0.466 0.258 3.268 0.001
Prior knowledge 0.241 0.046 0.575 0.566
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concept maps, which might lead to noticing and explain-
ing more mistakes and thus to better learning (e.g., Adams 
et al., 2019). However, the conditions did not show a sta-
tistically significant difference in post-test scores (with 
differences in pre-test scores not being statistically sig-
nificant either). Finding no difference may indicate that 
reviewing both types of learning products can be beneficial 
for reviewers’ learning. This can make implementation of 
peer feedback in the classroom easier to do and wider in 
its application.

A surprising finding was that prior knowledge level did 
not explain post-test scores. A possible explanation is that 
the pre-test results were so low that they did not matter 
that much for the majority of the population (the low and 
average prior knowledge groups). For the low prior knowl-
edge group, the average pre-test score was 0.00, which 
might be attributed to the specificity of the topic — atomic 
structure. Even though students had studied some material 
about molecules and atoms before, they had never studied 
this particular topic or the terms associated with it. One 
cannot answer a question about the influence of adding 
a proton to an atom if the term ‘proton’ is not known. 
However, the same question makes much more sense if the 
terms are familiar. This is indirectly supported by the fact 
that students in both conditions and in all prior knowledge 
groups did learn during the experiment. Moreover, their 
learning followed a normal trend, with the average post-
test score reaching around 60% of the maximum score.

Second, a difference in the quality of students’ own 
concept maps by condition was expected. Students in 
both conditions had to create a concept map before they 
worked in the online lab and could rework it after giving 
feedback on fictitious peers’ products. However, students 
from one condition could rework their own concept maps 
after reviewing fictitious peers’ concept maps, whereas 
students from the other condition could do so after review-
ing answers to test questions. Several studies have shown 
that reviewing the same type of product that students have 
to create themselves may lead to revising their own prod-
ucts and thereby to higher quality of their own products 
(e.g., Li & Grion, 2019; Wu & Schunn, 2020). Therefore, 
students who reviewed concept maps were expected to 
have higher quality final concept maps of their own than 
students who gave feedback on answers to test questions. 
However, no statistically significant difference was found 
in the quality of students’ own concept maps between 
conditions. This might be caused by the fact that both 
reviewed products (concept maps and answers to test 
questions) were relatively small and required less time for 
reviewing compared to products such reports or essays. 
The amount of time spent interacting with smaller scale 
products might have not been enough to lead to differences 
in the quality of reviewers’ own concept maps.

When analysing the characteristics of students’ con-
cept maps, proposition accuracy (the number of correct 
links) was found to predict post-test scores. This result 
was quite expected, as the number of correct links showed 
students’ grasp of the topic when creating concept maps. 
The same understanding was checked with the post-test. 
In other words, this result showed that students’ concept 
maps reflected their current level of knowledge. This is in 
line with previous studies on concept mapping (Novak & 
Cañas, 2006; Schroeder et al., 2018). For practice, this can 
be another supporting argument in favour of using concept 
maps in schools, as they can demonstrate students’ knowl-
edge and encourage them to think about important connec-
tions between the key concepts.

Third, the results showed a significant difference in the 
quality of the provided feedback between the conditions: 
students gave better feedback on the answers to test ques-
tions than on the concept maps. There are several possible 
explanations for that. First, the answers to test questions 
were a much more familiar learning product, so it might 
have been easier for students to see the mistakes. This is 
supported by the fact that only 22% of students giving feed-
back on concept maps spotted at least one misconception 
placed in the concept maps, while 72% of students giving 
feedback on the answers to test questions identified at least 
one mistake, even though these misconceptions and mistakes 
covered the same content. Second, the lower results for the 
condition with concept maps could have originated from 
the complexity of the product. In other words, assessing a 
concept map included many more aspects, such as structure 
and missing concepts, while commenting on answers to test 
questions focused mainly on the correctness of the answer 
and the reasoning behind it. Moreover, if students found it 
difficult to create a concept map themselves, they might not 
feel able to give feedback on peers’ concept maps. Third, 
even though the coding schemes for both reviewed products 
awarded points for simple feedback, the assessment criteria 
for giving feedback on a concept map could require broader 
understanding than the more straightforward assessment cri-
teria for giving feedback on test answers. Overall, it seemed 
that spotting mistakes and missing elements in a more com-
plex product such as a concept map was more difficult for 
students, which led to lower feedback quality. For practice, 
this can mean that giving students more familiar products 
to review leads to higher quality feedback, which, in turn, 
could positively influence learning.

Finally, and probably most importantly, the quality of the 
feedback provided was found to predict post-test scores: the 
higher the quality of the provided feedback, the higher the 
post-test score. An indication that feedback quality could  
predict post-test scores was also found in one of our previous studies 
(Dmoshinskaia et al., in press). At that point, there was not enough 
evidence to say that better feedback led to higher post-test  
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scores, as they both could have been caused by higher prior 
knowledge. However, in the current study, prior knowl-
edge was not found to be a significant predictor of post-test 
scores. Moreover, the quality of the feedback given was not 
found to be correlated with prior knowledge. This may mean 
that the quality of feedback indeed explained the post-test 
score, so that if students invested more effort in giving bet-
ter feedback, it could lead to more learning for reviewers 
themselves. This was even more the case for students in 
the concept map condition, in which giving good feedback 
was probably more challenging than in the other condition, 
thus requiring more cognitive involvement. It might seem 
contradictory to find significant differences in the quality of 
feedback between the conditions (and the fact that the qual-
ity of feedback predicted post-test scores) and not to find a 
significant difference in post-test scores. A possible expla-
nation is that the variability in post-test scores was too high 
to reveal an effect of condition. Moreover, quality of feed-
back explained about 12% of the variability in the post-test 
scores, indicating the presence of other explanatory factors. 
The interpretation of the correlation between the quality of 
provided feedback and the post-test scores for practice may 
mean that the effect from giving feedback does not depend 
that much on the product type, as long as students provide 
meaningful comments. However, this finding should be 
interpreted with caution as some student-level characteristics 
(e.g., students’ motivation, engagement with the particular 
subject, self-regulation skills) could have influenced both 
the quality of the feedback given and the learning that origi-
nated from it. Therefore, more research on giving feedback 
to peers should be done, with one direction being to study 
the role of students’ personal characteristics in this process.

The finding that feedback quality can play an important 
role in learning has also been supported by other studies. For 
example, the study by Li et al. (2010) demonstrated a signifi-
cant relationship between the quality of provided feedback 
and the quality of students’ own projects. The authors sug-
gested that as the ability to give meaningful and constructive 
feedback is very important for a reviewer, time and effort 
should be invested in developing this ability. Therefore, an 
interesting direction for further research would be studying 
what factors influence such an ability and identifying ways 
to increase the quality of peer feedback. Another direction 
could be conducting the same study with different learning 
products created by students to see if any particular types 
can stimulate more learning when being reviewed. The cur-
rent study was the first exploration of the influence that the 
type of reviewed product can have on learning, so we used 
two types of products that are frequently used in second-
ary school education: answers to test questions and concept 
maps. Investigating giving feedback on other product types 
may help to better understand this process. Finally, as a 

feedback-giving activity was embedded in an ILS, it could 
interesting to study if any particular combination of learning 
activities during the lesson can provide the most meaningful 
context for giving feedback.

There are some limitations of the current study. First, 
the products for reviewing were created by the research 
team, which means that transfer of the obtained results to 
a situation with real students’ learning products should be 
done cautiously, as learning opportunities can differ for 
products of different types and quality. Second, the moment 
of giving feedback was quite brief, which could have made 
the effects less obvious. A longer time of giving feedback 
or multiple moments of giving feedback could lead to dif-
ferent findings; such a setting could be one direction for 
future research.

Another aspect worth mentioning is that even though 
students who gave feedback on answers to test questions 
provided feedback of higher quality, their learning was not 
statistically significantly higher than in the other condition. 
This can be related to small effect sizes for each step of these 
relationships: between students’ knowledge and the quality 
of feedback, and between the quality of feedback and post-
test scores. A study with more participants could make such 
relationships more obvious.

In conclusion, several take-away messages emerged from 
this study. First, the type of reviewed product does not seem 
to play an important role in reviewers’ learning as long as 
they provide good quality feedback. Second, even with a 
rather brief intervention (caused by the use of small-scale 
products), the quality of peer feedback explained post-test 
scores, which demonstrates the value of feedback-providing 
activities for learning. Further research studying peer feed-
back will be beneficial for educational practice, as knowing 
more about the conditions under which giving feedback can 
enhance learning may increase effective use of peer feedback 
in education.
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