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Summary: Globally, we are not training enough scientists and mathematicians to meet
pressing societal needs, patterns echoed in Norwegian higher education. For example,
at one university in Norway, attrition between years one and two of the bachelor program
in mathematics exceeds 30%. We see that introductory math courses are for many
students a bottleneck for continuing STEM. As an effort to reduce failure, decrease
negative emotions like test anxiety, and increase retention overall, low stakes testing
with retakes was implemented in a large (n>400) introductory math course in Norway.
The course changed from a single high-stakes exam to multiple low-stakes exams with
up to 4 retakes for each. Here, we focus on the retake option, specifically, we tested how
retakes affected overall performance and level of test anxiety. We used linear mixed
effects models to test the impact of having multiple retakes, its effect on students’
performance per exam, test anxiety and final grade. The failure rate went from a historic
range of ~35% to 12%. Further, we saw test anxiety go down (estimate -0.44, p<0.01), and
that high achieving students used fewer attempts, but that the students using more
attempts did improve their score (Estimates =1.23, p <0.001).
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1 Introduction

Globally, we are not training enough scientists and mathematicians to meet pressing
societal needs, patterns echoed in Norwegian higher education. For example, at the
University of Bergen, attrition between years one and two of the bachelor program in
mathematics exceeds 30%. We see that introductory math courses are for many
students a bottleneck for continuing STEM (Ellis et al., 2016; Jiang et al., 2020; Seo et al.,
2019). This phenomenon cannot be attributed simply to lack of interest (de Brey et al.,
2019; Medicine et al., 2016), prior knowledge (Valencia, 1997; Webb & Paul, 2023) or
learning rate (Koedinger et al., 2023). Instead, lower rates of STEM retention appears to
be driven by, among other things, the reliance on high-stakes exams (Stanger-Hall, 2012;
Zakariya et al., 2022). One of the culprits for lower performance on high-stakes exams
can be the increase of test anxiety. Where students commonly feel stress and anxiety
prior to an academic evaluation, a higher academic and social pressure on the
assessment can increase the amount of negative arousal, and higher test anxiety has
been linked to lower performance (Ballen et al., 2017; Cotner et al., 2020; Ewell et al.,
2022; Silaj et al., 2021). Here, we define test anxiety as a feeling of ‘concern about
possible negative consequences of failure on a test or other evaluation situations’ (from
Zeidner, 1998). In the current research, we examine how assessment methods,
specifically the change from one single high-stake exam to multiple low-stakes exams
with retakes relate to performance and test anxiety in STEM, with particular emphasis on
an introductory-level math course.

As part of an effort to reduce failure and increase retention overall, we asked the
following research questions: (1) how do retakes affect performance and level of test
anxiety, and (2) is this type of intervention beneficial by increasing performance and
decreasing test anxiety for students entering university with different math skill level?

2 Methods

In Norway, we studied a large (~400 students) introductory math course that changed
from a single high-stakes summative assessment to multiple low-stakes exams with up
to 4 retakes for each exam. All the students received, at the beginning, middle and end
of the semester a survey through the class course webpage (Canvas), but it was
volunteer to answer. The surveys asked for consent to collect their high-school grades,
alongside the scores and grade they were getting in the course. To measure their test
anxiety, we used items that were drawn from the Motivated Strategies for Learning
Questionnaire (MSLQ; Pintrich & Others, 1991)). More specifically, we used four items
that has been used and validated in several other studies (Cotner et al., 2020; Ewell et
al., 2022; Papageorgiou, 2022; Silaj et al., 2021). Sample items, to which students could
indicate their level of agreement on a 7-point scale, include “l am so nervous during a
testthat | cannot remember facts | have learned”, and “l worry a great deal about tests”.
Students were grouped, based on their high school math grade, into low-performance
(Norwegian equivalent of a score between F and E), medium-performance (score
between D and C) and high-performance (score between B and A). Using the high-school
math grades as a controlling factor, we then tested for correlations between retakes and
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performance. We were also able to get course grades and high school grades for
students that took the course back in 2019.

To answere the research questions, we used linear function models to test the impact
of using multiple retakes. When comparing the datafor 2019 to this year’s (2023) we used
a Chi-Squared test to test for significant differences. For investigating the test anxiety
levels throughout the semester (start, mid, end), we built 4 linear mixed-effect models as
growth models, with 4 different functional forms (nonlinear, linear, quadratic and log-
linear). Test Anxiety was the response variable for all the models, with student-specific
random-effect. Model selection was conducted using Akaike’s Information Criterion (AIC
(McElreath, 2018). The model with the lowest AIC value was considered the best-
supported model given the data, this was the log-linear model (Test Anxiety ~ 1 +
log((Time-1) + 1) + (1|ID)). All analysis for this study was done using R, version 4.3.2 (R
Core Team, 2023).

3 Results and discussion
Participants

In total, 93 students gave us their consent and answered all the questions about test
anxiety at the start of the semester. Of these 93 students, 13 students entered with a high
school grade categorized as low, 57 with middle and 23 with high performance grade. For
the dataset comparing between years (ignoring test anxiety), we had data from 141
students in 2019 (N low high school performance group =44, N Middle = 70 and N High =
27), and 186 students in 2023 (N low = 65, N Middle =91, N High = 30).

How did retakes affect performance, overall and for different groups of students?

High school grades were positive and significant on final grades in this course (Estimates
= 0.63, p < 0.001). Overall, the failure rate in the low-stakes math class went from a
historic range of ~35% to 12%. Further looking at the different performance groups, we
saw that the ratio of students was approximately the samein 2019 and 2023, but the ratio
of students performing better in 2023 was significantly, and positively (X?=13.367 with df
= 2, p-value = 0.001) changed, with fewer low-performance students, and more middle
and high-performance students (figure 1).
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Figure 1 - Students grouped based on either high school-grades (left column) or grades
they got in this course (right column) at two different years (first row being 2019, second
row 2023). The groups are "Low" (F to E), "Middle (D to C) and "High" (B to A).

Looking at the different performance groups (based on high school math grade), we
saw an expected outcome of high achieving students using fewer attempts compared to
the other groups (Table 1).

Table 1 - Average exam score and number of retakes per exam for each performance
group based on high school math grade (Low = F to E, Middle =D to C, High=Bto A)

Exam High Performance - Middle Performance - Low Performance -
number | Average Exam score Average Exam score Average Exam score
(average number of retakes) | (average number of retakes) | (average number of retakes)
1 14.2 (2.52) 13.1 (3.05) 11.6 (3.26)
2 13.8 (1.92) 12.9(3.00) 8.30(2.88)
3 13.9 (2.81) 13.0(2.93) 11.2 (2.94)
4 13.9 (2.43) 11.2(2.53) 9.28 (1.62)
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Crucially, the high-performance students did get on average higher scores than the
other groups (High avg. = 13.95, Middle avg. = 12.55, Low avg. = 10.09). But students that
did use more attempts did improve their score (Estimates = 1.23, p < 0.001). Critically,
the retakes intervention appears to have benefited the middle- and lower-performing
students more, with a higher slope on performance per retake, especially in the first
exams, with the exception being the last exam (Figure 2).
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Figure 2 - Exam score (y-axis) foreach high school grade group for each retake (x-axis) at the 4 exams during
the semester. Green line representing students with low performance from High School (grade between F
and E), yellow line representing students with middle grades (D to C), red line representing students with
high grades from High School (B to A). The slope for each group at all the exams are postive, meaning that
the group increased its score when retaking the exam. Low performance group has the highest slope in the
firsttwo exams, being significantly positive, with middle group being second most positve (also significant).
High performance group has the flattest slope, positive but not significant. For the third exams it’s the
middle group that has the steapest alope, and the only group with a significant increase between each
retake. The fourth exam has the High group with marginally significant increase, and Middle group with the
only statistically significantly positve slope.

How did test anxiety affect performance, retakes and change over the course of
the semester?

We were not able to produce any significant results regarding test anxiety and retakes, or
the relationship between test anxiety and performance, contradictive to other studies on
test anxiety (Cotner et al., 2020; Harris et al., 2019; Silaj et al., 2021). This might be due
to the nature of low-stakes exams with retakes "takes away" the source of the negative
arousal (high-stakes tests), and therefore do not have a clear impact on performance.
We did see a significant and negative impact of high school grade on level of Test Anxiety.
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And we did see that test anxiety goes down during the semester. To see this relationship
between time and test anxiety, we can plot the predicted mean profile based on the log-
linear model’s fixed effects (Figure 3). Test Anxiety has a negative slope (and its
significant, p < 0.001) when going from the start of the semester to the end of the
semester.

Predicted change in Test Anxiety as a function of Time

Test Anxiety

Start Mid End
semester

Figure 3 - Predicted change in Test Anxiety as a function of Time, with student-specific
random-effect. Slope is significantly negative from Start to mid, and mid to end of the
semester).

4 Limitations

Out of 65 students from the low-performance group, only 13 answered the test anxiety
questions, leaving a large portion of the group we would expect had the highest amount
of test anxiety. Further studies might evaluate this student group better, and more in
depth.

At high-school in Norway, you can choose different math type, the recommended
math to have for this course is called “R-math”. For this early analysis, and for better
comparison, we only looked at students that had R-math in high school, excluding
students with other types of math because they must take a summer seminar before
entering university, thus having a different pathway before entering uni. This group is
smaller than the one we looked at, but still a group that should be included in further
analysis.
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5 Conclusion

These findings have clear implications for curriculum desigh and assessment
choices. Our research contributes to our understanding of how low-stakes assessment
but specifically retakes have a positive effect by addressing structural barriers. Students
entering university with lower math grades from high school were able to increase their
overall score when using the retakes option. With the results presented here, we can
assume that with a low-stakes assessment course, without the retakes option would
produce larger gaps between students at different high school math levels. As the
current analysis stands, we are not able to further investigate test anxiety. We were not
able to produce any significant results regarding test anxiety and retakes, or the
relationship between test anxiety and performance, but we did see that test anxiety did
go down during the semester. Itis important to note that out of 65 students from the low-
performance group, only 13 answered the test anxiety questions, leaving a large portion
of the group we would expect had the highest amount of test anxiety.
The take home message from this study is that:

1) Students with better high school math grades do better at the university
introductory math course and use fewer retakes.

2) Students with lower high school math grades do use more retakes but increase
their score (on average) every time they do.

3) Testanxiety goes down during the semester, different from what we would expect
in a course where the assessment method is based on higher stakes, without the
option to retake.

This ‘intervention’ (going from a single high-stake to multiple low stakes with the
option for retakes) aligns with broader efforts to create more inclusive and equitable
practices in STEM education.
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