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Background: In 2020, school closures during the COVID-19 pandemic forced students all over the world to
promptly alter their learning routines from in-person to distance learning. However, so far, only a limited
number of studies from a few countries investigated whether school closures affected students’ performance
within intelligent tutoring system—such as intelligent tutoring systems.

Method: In this study, we investigated the effect of school closures in Austria by evaluating data (n = 168 stu-
dents) derived from an intelligent tutoring system for learning mathematics, which students used before and
during the first period of school closures.

Results: We found that students’ performance increased in mathematics in the intelligent tutoring system during
the period of school closures compared to the same period in previous years.

Conclusion: Our results indicate that intelligent tutoring systems were a valuable tool for continuing education

and maintaining student learning during school closures in Austria.

1. Introduction

The COVID-19 pandemic led to the abrupt closure of schools in many
countries all over the world, including Austria, where schools were first
closed on March 16th, 2020 [1,2]. Consequently, students were required
to rapidly shift to distance learning scenarios [3-8], relying on digital
learning software—such as intelligent tutoring systems'—for distance
learning, in lieu of traditional in-person schooling [9,10]. While the
devastating impact of school closures on students’ performance has been
studied excessively with data from large-scale assessments [11-18],
with most studies reporting performance losses during school closures
[19-21], only a limited number of studies have thus far evaluated the
effect of school closures on students’ performance within intelligent
tutoring systems [10,22-25]. Therefore, we looked at students from
Austria who studied mathematics using the intelligent tutoring system

* Corresponding author.
E-mail address: Markus.spitzer@unibas.ch (M.W.H. Spitzer).

Bettermarks, with the aim to evaluate their longitudinal performance
changes during school closures compared to before.

Previous studies evaluating performance changes within intelligent
tutoring systems during school closures due to COVID-19 regulations
yielded mixed results, with one study from Switzerland indicating
decreasing performance [24], while four other studies considering
Dutch [22,23] and German students [10,25] indicated performance to
increase. For instance, evidence that school closures negatively affected
students’ performance in mathematics in an intelligent tutoring system
comes from Tomasik et al. (2020). They compared the performance of
students who used the intelligent tutoring system Mindsteps during the
first eight weeks of school closures in Switzerland with another cohort of
students who used the software eight weeks before school closures in
Switzerland and observed performance decreases in particular for
younger students (aged 9 to 13 years) during the first period of school

1 We refer to intelligent tutoring system as the overall term which includes intelligent tutoring systems, while we use the term intelligent tutoring system for
intelligent tutoring system where specific features are implemented (e.g., adapting learning content towards students’ needs) and documented in the literature.
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closures in Switzerland, while they observed no effect of school closures
for older students (aged 13 to 16 years).

In contrast, other studies that also considered data obtained from
intelligent tutoring systems reported performance increases [10,22,23,
25]. For instance, Meeter (2021) evaluated data from a sample of Dutch
students (aged 7 to 11 years) who used the intelligent tutoring system
Snappet for mathematics in the school year 2018/19 with another
sample of students who used the intelligent tutoring system in the school
year 2019/20 in which school were closed for some time. Meeter (2021)
observed significant performance increases in the cohort using the
intelligent tutoring system during school closures compared to the other
cohort that used the intelligent tutoring system the previous school year
(2018/19). In another study, comparing the performance of students
during school closures with the performance of another cohort of stu-
dents during the same time one year earlier, Van der Velde (2021)
investigated another sample of Dutch students (aged 7 to 10 years) who
studied French within the intelligent tutoring system SlimStampen.
Interestingly, they also observed significant performance increases
during school closures compared to the cohort who used the learning
software during the same time period in 2019.

Furthermore, Spitzer and Musslick (2021) followed a cohort of
German students who learned mathematics using the intelligent tutoring
system Bettermarks longitudinally. This allowed to compare the perfor-
mance of the same students during school closures in Germany with
their performance during the same period in the year before when there
were no school closures. Their findings indicated that the students’
performance increases made significantly during school closures relative
to the previous year. Moreover, Spitzer and Musslick (2021) observed
that students who performed below average demonstrated particular
increases in their performance within the intelligent tutoring system
during school closures.

In summary, the impact of school closures on student performance
within intelligent tutoring systems has been studied in only a limited
number of countries thus far. Therefore, additional evidence from a
broader range of countries, such as Austria, is required to obtain a more
comprehensive understanding of the use of intelligent tutoring systems
during school closures amidst the COVID-19 pandemic. As evidenced by
the aforementioned studies, the data on the effects of school closures on
students’ performance in intelligent tutoring systems has been gathered
from various systems and studies conducted across different countries.
Nevertheless, to date, no study has utilized data from the same intelli-
gent tutoring system employed in multiple countries.

Against this background, in this study, we investigated the effect of
school closures due to COVID-19 regulations on students’ performance
when studying mathematics in the intelligent tutoring system Better-
marks. Therefore, we analyzed data from students (n = 168 students; n
= 6992 mathematical problem sets) who used Bettermarks in Austria to
learn mathematics (as compared to Germany in Spitzer & Musslick,
2021). Our analysis considered students (n = 168 students; n = 6992
mathematical problem sets) who used Bettermarks in Austria before and
during the first period of school closures due to COVID-19 regulations to
evaluate performance changes longitudinally. As previous studies re-
ported differential effects for low- vs. high-performing students, we were
especially interested in comparing students performing below-average
with those performing above-average to evaluate whether such differ-
ential effects generalize across countries.

Based on previous research reporting performance increases during
school closures within the intelligent tutoring system Bettermarks (but
also in Snappet and SlimStampen), we expected to observe performance
increases during the time when schools were closed in Austria as
compared to before.
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2. Methods
2.1. The intelligent tutoring system

2.1.1. Background

The present study is based on data gathered from Bettermarks, an
intelligent tutoring system designed for learning mathematics, which
has been implemented in several schools in Austria but also in other
countries such as Germany, the Netherlands, Uruguay and South Africa.
Bettermarks covers the mathematics curriculum for students in grades 4
through 12, spanning an age range from 9 to 18 years, and includes over
100 books that cover a broad range of mathematical concepts such as
fractions, algebra, and percentages [26,27]. Importantly, each book
within Bettermarks includes numerous problem sets that are based on the
curriculum of the respective country.

2.1.2. Usage

The intelligent tutoring system can be used by students and teachers
in school or at home. It enables teachers to assign problem sets to stu-
dents and as such allows interactions between teachers and students.
Teachers can assign problem sets to be completed by their students and
the platform provides immediate feedback to students and teachers on
completed assignments. However, students may also use the intelligent
tutoring system on their own. That is, without assignments from their
teachers but by assigning problem sets to themselves. In this case, only
students receive feedback but their teachers do not receive feedback.
The intelligent tutoring system enables students to repeat worked
through problem sets. However, when a problem set is repeated, the
parameterization of the problems within the problem set changes with
each new attempt. This means that memorization of previous results is of
limited use. The intelligent tutoring system identifies knowledge gaps in
case students make specific errors and it suggests problem sets to stu-
dents based on these errors.

2.1.3. Data collection and privacy

The data collected for this study included error rates on problem sets,
problem IDs, and the date and time of completion. The data is fully
anonymized and no demographic information about students is
available.

2.2. Current dataset

We defined the following inclusion criteria to obtain our sample
prior to data analysis. We considered data from students who used
Bettermarks during the dates when schools were closed in Austria (March
16th until May 18th, 2020) and for the same dates in the previous three
years (2017 to 2019). Importantly, we conducted a within-student
analysis and thus only considered students who used Bettermarks dur-
ing school closures and during the same time in the previous three years.
This allowed us to analyze longitudinal performance changes within the
same students. In addition, we only included students who computed at
least 5 problem sets before and during school closures.” As students are
able to repeat problem sets, we only considered students’ best result on
each problem set as a proxi for their performance. The best result was
akin to previous studies that assessed students’ performance within
Bettermarks [10,25,28]. Finally, we only considered problem sets that
were assigned by teachers as previous research showed differences in
performance effects based on the assignment type within Bettermarks
[25]. After applying these inclusion criteria, the dataset comprised 168
students who completed 6992 problem sets.

2 We also re-ran the analysis with students who completed at least 1 or 2
problem sets after we completed the intial analysis and replicated the results
with these inclusion criteria.
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2.3. Dependent and independent variables

As in Spitzer and Musslick (2021), we computed the relative error rate
of students as the dependent variable to quantify students’ performance,
with negative relative error rates indicating below-average performance
and positive relative error rates indicating above-average performance.
Relative error rates were computed by subtracting the absolute error rate
for a problem set for each student from the average error rate of the
respective problem set (the average error rate of a problem set was first
computed based on all students who worked through this problem set).
For example, consider a problem set with an average error rate of the
cohort of 20%. A specific student computes this problem set and ach-
ieves an absolute error rate on this problem set of 10%. The relative
error rate is now: 20% - 10% = +10%. We also carried out analyses
reporting the absolute error rate of students as well as the average error
rate of problem sets as a proxy for problem set difficulty to show how
changes in relative error rates evolved from changes in absolute error
rates and average error rates.

The first independent variable was the year in which the data was
obtained which we labeled as the year variable. We pooled performance
measures of students from years 2017 to 2019 as an estimate of their
performance before school closures and contrasted this against their
performance in 2020. Thus, the year variable was a binary variable
(before, i.e., 2017 to 2019 vs. during, i.e., 2020, school closures).’

The second independent variable—a group variable—reflected two
groups of students performing below versus above average. This vari-
able was computed based on students’ performance before school clo-
sures. In particular, we split students into two groups with students with
a relative error rate of 0 or above (before school closures) forming the
above-average performing group and students with a relative error rate
below 0 (before school closures) forming the below-average performing
group. This allowed us to investigate whether school closures affected
below-average performance students differently than above-average
students, reflected in the interaction between the two variables year
and group.

2.4. Data analysis

The statistical software R (R Core Team, 2013) was used to analyze
the data. We ran three separate hierarchical regression models, each of
which had the identical model structure, with variables year and group as
independent variables including both main effects and the interaction
between the two variables and a random intercept for each student. The
three regression models varied with respect to the dependent variable (i.
e., relative error rate, absolute error rate, and average error rate). We
investigated changes in performance during school closures as
compared to before for each group of students separately with two
further post-hoc regressions (for each dependent variable, respectively)
only considering data for either above-average students or below-
average students to report changes in performance over time for each
group.

3. Results
The results are illustrated in Fig. 1. The regression results are listed in
Table 1 and the results of post-poc tests for each group of students are
reported in the text below.
3.1. Relative error rate
The regression results indicated a significant main effect of year
3 Note that all students used bettermarks in 2019 and 2020 and results were

virtually identical when only considering the data from 2019 (before school
closures) contrasted against the data from 2020 (during school closures).
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Fig. 1. Relative error rate (A), absolute error rate (B), and average error rate
(C) as a function of year and group (below-average vs. above-average). A:
Relative error rates increased during school closures in 2020, as compared to
the same months in the previous three years, for both below-average and above-
average students. B: Absolute accuracy rates decreased significantly for below-
average students while no significant changes were observed for above-average
students. C: Average error rates (i.e., the difficulty of the assigned problems)
decreased for below-average students, while average error rates increased for
above-average students. Each point indicates the regression estimate. Error bars
reflect 1 standard error of the mean. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of
this article.)

indicating that students had higher relative error rates (suggesting
increased performance) during school closures in 2020 compared to the
previous three years (see Fig. 1A and Table 1). We also observed a sig-
nificant main effect for group (see Fig. 1A and Table 1), suggesting that
below-average students performed worse than above-average students.
Finally, the interaction between year and group was not significant (see
Fig. 1A and Table 1), suggesting no significant differences in perfor-
mance changes from before school closures to times during school
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Table 1
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Regression results (estimates, t-values; and p-values indicated with asterix) of each hierarchical linear regression model.

Coefficient Relative error rate Absolute error rate Average error rate

b SE t-Value P b t-Value P b SE t-Value P
(Intercept) 0.03 0.01 5.16 <0.001 0.17 0.01 30.68 <0.001 0.20 <0.01 73.46 <0.001
Year 0.01 <0.01 3.68 <0.001 —-0.01 <0.01 —2.47 0.014 <0.01 <0.01 1.40 0.162
Group 0.07 0.01 13.21 <0.001 —-0.07 0.01 —11.42 <0.001 0.01 <0.01 2.80 0.005
Year x Group <0.01 <0.01 0.45 0.655 0.01 <0.01 4.28 <0.001 0.01 <0.01 6.48 <0.001
Nistudents 168 168 168
Nproblem set 6992 6992 6992

closures for students performing below or above average. Further post-
hoc regression analyses for each group separately indicated significant
performance increases for both groups, respectively (below-average: b
=0.009; t =2.09; p = .036; above-average: b = 0.011; t = 3.23; p = .001)

3.2. Absolute error rate

The results of the regression analysis reflected a significant main
effect of year indicating that students had higher absolute error rates
(suggesting increased performance) during school closures in 2020
compared to the previous three years (see Fig. 1B and Table 1). We also
observed a main effect for group suggesting that absolute error rates of
below-average students were higher compared to those for above-
average students (see Fig. 1B and Table 1). Finally, the interaction be-
tween year and group was significant. This indicated that the difference
in absolute error rates between below-average students and above-
average students was reduced in 2020 compared to 2017-2019 (see
Fig. 1B and Table 1). As in the previous analysis, we conducted separate
post-hoc regression analyses for each group of students. Results showed
significant decreases in absolute error rates for below-average students
but not for above-average students (below-average: b = —0.018; t =
—3.96; p < .001; above-average: b = 0.004; t = 1.63; p = .10). This in-
dicates that below-average students had significantly lower absolute
error rates during school closures as during the same time in the years
before.

3.3. Average error rate

The average error rate reflects the difficulty of the problem sets
students computed, with higher values indicating that the computed
problem sets were more difficult. The regression results indicated no
significant main effect for year, but a significant main effect for group,
suggesting that below-average performing students generally computed
less difficult problems compared to above-average performing students
(see Fig. 1C and Table 1). Finally, the interaction between year and
group was significant and reflected that below-average students
computed less difficult problems during school closures as compared to
before, while above-average computed more difficult problems during
school closures as compared to before (see Fig. 1C and Table 1). Further
post-hoc analyses for each group of students showed that the average
error rate significantly increased for above-average students (b = 0.015;
t = 5.55; p < .001), while it significantly decreased for below-average
students (b = —0.010; t = —3.54; p < .001).

4. Discussion

In this study, we examined longitudinal performance changes of
Austrian students who learned mathematics using the intelligent tutor-
ing system Bettermarks before and during the first period of school clo-
sures during the COVID-19 pandemic in 2020. Evaluating the data of
168 students who worked through over 6000 problem sets, we observed
that students’ performance within the intelligent tutoring system
increased during school closures compared to the previous three years.
These increases were observed for both below-average and above-
average performing students. In contrast to a previous study

considering data from the same intelligent tutoring system used in
Germany, our results provided no evidence for a differential effect
indicating significantly more pronounced performance gains in below-
average performing students compared to above-average performing
students. Together, our results contribute an important piece of evidence
substantiating that intelligent tutoring systems are valuable tools for
students during times of distance learning. In addition, this study pro-
vides evidence for this positive effect not only considering data from
students who worked with an intelligent tutoring system in another
country (i.e., Austria) but also finding these positive effects within the
same intelligent tutoring system to generalize across countries (Ger-
many and Austria).

Previous research considering the impact of school closures during
the COVID-19 pandemic on students from Austria investigated other
important variables obtained via questionnaires, such as self-rated
measures of students’ abilities to learn independently, the amount of
parental aid received, intrinsic motivation, perceived stress, perceived
competence, or self-rated achievement [29-34]. For instance, Helm and
Huber (2022) found that students’ intrinsic motivation and their ability
to self-organize best predicted students’ self-rated achievement. Pelikan
et al. (2021) observed a positive relationship between students who
rated themselves as highly competent used more self-regulated learning
strategies than students who rated themselves as less competent. In
another study, Weiss et al. (2022) found that females experienced more
stress than males during the COVID-19 pandemic. Yet, potential in-
fluences of school closures on explicit performance measures from
mathematics learning within an intelligent tutoring system have thus far
not been evaluated for students in Austria. Thus, this study is—to the
best of our knowledge—the first to provide evidence on how students
from Austria who studied mathematics using an intelligent tutoring
system were affected by school closures during the COVID-19 pandemic.

While the aim of this study was to evaluate whether students’ per-
formance within an intelligent tutoring system used in Austria was
affected (positively or negatively) by school closures, future studies may
look into the specific mechanisms on why this study, as well as others,
observed performance increases during school closures as compared to
before. One potential hypothesis is that students may experience less
math anxiety (i.e., worry or fear about performing mathematics;
[35-40]) when learning at home in absence of their teachers, which in
turn may affect their performance positively. Another possible expla-
nation is that teachers may have increased incentives for students’
performance within the intelligent tutoring system, which may have
motivated students to perform better during distance learning in 2020 as
compared to before.

Another important future avenue may be to investigate whether the
obtained results generalize to other countries. So far, only evidence from
four European countries (Germany, Switzerland, the Netherlands, and
Austria) on the effect of school closures on students’ performance within
intelligent tutoring systems exist—to the best of our knowledge. Thus,
more studies from other countries on the impact of school closures
within intelligent tutoring systems are needed.

There are some limitations to be considered when interpreting the
results of this study. First, our study is limited by the anonymity of the
data. That is, we evaluated data from an intelligent tutoring system that
is fully anonymized. Thus, demographic data was not available as well



M.W.H. Spitzer and K. Moeller

as other additional information regarding our sample. This does not
allow us to control for other variables such as age or gender which may
affect mathematics performance as well [41]. Second, this study
comprised relatively few students compared to previous studies that
obtained data from the same intelligent tutoring system. This resulted
from our strict inclusion criteria which only considered students that
used the intelligent tutoring system in Austria during both time peri-
ods—before and during the first school closures in Austria.

To conclude, our study is the first to investigate performance changes
within an intelligent tutoring system used in Austria. Our results indi-
cated that students’ performance increased during school closures as
compared to the same time period in previous years. Furthermore, these
increases were observed for below-average as well as above-average
performing students. As such, our study provides valuable evidence
for future research on how school closures during the COVID-19
pandemic affected students’ performance within intelligent tutoring
systems and how to best learn from distance.
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