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We present a study on the development of Finnish first-year physics majors’ attitudes towards physics, as
measured by the Colorado Learning Attitudes about Science Survey, before, during, and after the period of
mandatory remote learning due to the coronavirus pandemic. We find that in the years before the pandemic,
these attitudes did not change, but the period of extended remote learning due to the pandemic had a
negative effect on the students’ expertlike views. Similarly, the students who experienced the remote
learning period in high school displayed a lower level of expertlike thinking as they entered university. As
contact teaching resumed, moderate positive gains were seen, bridging some but not all of the gap in
student attitudes left by the pandemic.
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I. INTRODUCTION

Many societies shut down in 2020 due to the coronavirus
pandemic. In many countries, this included the complete
suspension of contact teaching. Online courses and dis-
tance education were known to be socially demanding with
high dropout rates already before the pandemic [1–3] and
the sudden shift to exclusively remote learning is believed
to have had and continues to have a profound negative
impact on social interactions, engagement, and well-being
of students, due to the effect it had on both the quality of
teaching and the social environment in which learning took
place [4–6]. It is also yet unclear how far reaching in the
future the impacts of this disruption will be.
While COVID has had a negative impact on multiple

aspects of the lives of students, results on how emergency
distance education has affected their academic achievement
are somewhat controversial: according to some studies,
some groups of university students have performed better in
distance education caused by the pandemic than they did
before the pandemic [7–10]. It seems that this positive shift
is related to a change in students’ learning habits. In remote
teaching, studying is done more continuously rather than
just before the exam. On the other hand, many studies
imply that emergency distance education has had a negative
impact on student performance [11–13]. It seems that while
some students have had the necessary skills or access to
appropriate support in order to manage in a remote learning

environment, other groups, like students at the beginning of
their studies, students with low self-organization and
communication skills, students with anxiety or depressive
symptomatology, or students that are lacking in academic
social interactions, are the most vulnerable to the negative
effects of remote learning [13–16].
The impacts of the coronavirus pandemic have been

studied from many viewpoints including students’ habits
[17], wellbeing [4,5,13], integration [18], satisfaction to
teaching [19], and academic performance [8,14,20].
However, research on epistemological impacts is almost
absent. Only few studies have looked into the changes in
students’ attitudes towards physics during the pandemic
[21,22]. Much of the COVID-related research is also
focusing on younger students, while higher education level
is getting less attention.
While student well-being and the development of their

understanding are important, we are more interested in how
extended remote learning has affected the attitudes and
views of the students towards physics as a science and
themselves as physicists. In our view, the central goal of
undergraduate studies in physics is to guide the students’
personal growth towards the mindset of a physicist, and this
may arguably be better represented by their views instead
of academic merits. We study these views using the
Colorado Learning Attitudes about Science Survey
(CLASS) [23], a widely used and thoroughly verified tool
with which instructors can evaluate how closely the views
of their students resemble those of experts, and how
teaching affects the development of these views. The views
measured by CLASS may even predict the likelihood that a
student goes on to become a physicist [24].
We administer the CLASS survey yearly to new physics

students at the University of Turku, Finland, and study the
development of student views during the first year of
studies. Changing attitudes is often a slow process affected
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by many factors besides teaching, and development
towards the mindset of a professional physicist will often
continue even after graduation. Therefore it is realistic to
expect only modest development of views during the
students’ first year of studies. Furthermore, not only is it
difficult to develop expertlike thinking, physics teaching
often has a negative effect on the students’ views on physics
[25–28], and the pandemic may have increased the risk for
that to happen.
In this work, we set out to generally investigate how the

views and attitudes of new physics students have evolved
during their first year of studies at the university level
before, during, and after the pandemic. We are specifically
interested in comparing the development of expertlike
thinking in three student populations:

(i) the students who began their studies in 2019 or
earlier and were able to complete their first year of
studies in normal conditions,

(ii) the students who began their studies in 2020 and had
to study remotely during their first year of stud-
ies, and

(iii) the students who began their studies in 2021 and had
to study remotely in high school before starting their
studies at the university.

We wish to find out (1) if expertlike thinking has developed
differently in these groups and (2) if these differences
correlate with academic performance. By comparing the
first two groups, we get to compare the effects of contact
and remote teaching directly. By comparing the third group
to the first two, it is possible to investigate the long-term
effects a previous teaching disruption has on future learning
even after contact teaching has become available again.
This kind of information may prove important in the
immediate future, as new generations of students who
have lived through the pandemic begin their studies.

II. COURSE STRUCTURE

Some 40–60 physics students begin their studies each
year, following a fairly fixed curriculum during their first
year of studies. They study the basics of mechanics,
thermodynamics, electromagnetism, and wave dynamics
during a two-semester calculus-based course series called
Introduction to Physics. These courses were originally
redesigned and built in 2015–2017 based on ideas such as
team-based learning [29,30], flipped learning [31], and
gamification [32]. The goal was to foster a learning
environment that supports active learning and student
engagement, promoting both learning and inclusion in
the campus community. The courses were not designed
to specifically develop expertlike thinking.
The Introduction courses are worth about 1=3 of the

credits the students earn during their first study year. The
rest of the curriculum consists of introduction to studies,
tutorials on basic computer use, experimental labs, foreign
languages, and mathematics courses.

A. Learning before the pandemic

Before the pandemic, there were no restrictions on
contact teaching. We will call this the full contact teaching
period even though the courses had online components also
during this time.
Studentswere distributed in small teams at the start of each

Introduction course. These teams were assigned by the
teacher and they were constructed to be as heterogeneous
as possible with respect to factors such as incoming grades
and gender. All contact teaching was set to make students
actively work with their team. Evaluation was designed so
that a student could earn the top grade without taking an
exam. Instead, it was enough to participate actively and show
enough effort and mastery in course assignments. This was
also the preferred way for the students, as only very few
students ended up taking the exam.
As the courses started, students first engaged with new

information in reading assignments, where the material was
distributed online on the social learning platform Perusall
[33]. This was followed by contact teaching where student
teams worked on questions and tutorials, the teacher acting
as an advisor.
Once students became more familiar with the most

important physical concepts, the teams were given a few
fairly broad and sometimes open-ended problems. The
solutions to these problems were turned in on paper at a
later date, and given to other teams for peer assessment.
While the problems were solved in teams, each problem
was also accompanied by questions about the solution
process, and every student had to answer these individually.
Traditional physics problems focusing on relatively sim-

ple calculations with little or no real physical context were
not a major part of these courses. There were examples of
such problems in the reading material, and some were also
solved as part of the activities during contact teaching, but
much more focus was given on conceptual understanding.
Still, we provided the students with an online collection of
automatically assessed physics problems to complement the
concept-focused material. Solving these problems was not
mandatory but could earn credit towards higher grades.
All in all, the new course structure was markedly different

from traditional introductory physics teaching, since these
new courses had practically no lectures, recitations or exams,
which are typical activities on traditional courses.

B. Learning during lockdown

Finland entered lockdown in March 2020. This was
about a month before the end of the spring semester, but
after the postsurvey data had been collected in Spring 2020.
However, as the lockdown continued and contact teaching
became impossible during the semesters of Fall 2020 and
Spring 2021, all activity had to be taken online. We will call
this the time of no contact teaching.
At this point we knew that the challenges of keeping

students engaged and fostering a feeling of inclusion would
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become even more crucial than before. However, since the
courses were originally designed to promote exactly these
factors, we decided that the basic structure of the courses
should remain unchanged. This meant that students were
still assigned to teams, and they still began their studies by
reading the given material online. The questions, tutorials
and problems were mostly the same or similar to those
given to students during normal contact teaching, only now
they were distributed online. The same online collection of
extra problems was made available.
The courses also followed the same schedule as before

lockdown. Whenever there would have been contact
teaching in normal conditions, the students would now
log on to the online platform Discord [34], where they
would discuss the problems in teams with access to the
teacher for advice. If a tutorial would have been completed
during the contact teaching session, the students would now
submit their work online at the end of the remote study
session. The few teacher-driven sessions were replaced by
online videos with embedded questions for the teams to
answer. Peer assessment was also organized online.
The most important difference compared to previous

years was therefore not in what the students were supposed
to do but how and where they would do it. Most
importantly, all team work and social activities would
happen remotely instead of in person.

C. Learning after lockdown

During the semesters of Fall 2021 and Spring 2022, the
pandemic was ongoing but most people had access to
vaccines. This allowed the university to start a gradual
return to normalcy. Contact teaching was allowed in small
study groups, but larger gatherings of several tens of people
were still banned. This ban was lifted midsemester in the
fall, but reinstated in January 2022 for several more
months. In practice, this meant that for half of the academic
year, roughly 1=3 of teaching could be given in person, as
before the pandemic, while 2=3 was still online. We call
this limited contact teaching.

III. METHODOLOGY

We have administered the Finnish translation of the
CLASS survey [35] to our students as part of the
Introduction courses for four consecutive years, starting
in Fall 2018. The students take the survey as a presurvey on
the first lesson of the course, at the very beginning of their
studies. They take the survey again the next spring near the
end of the spring semester as a postsurvey. Normally, the
survey is given on paper to the students present at the time
during a lesson. During remote learning, the survey was
made available online and course credit was given for
completing the survey in order to ensure a high response
rate, as recommended [36]. In our analysis, we only
consider the students who completed both surveys.

The survey consists of 42 statements answered on a 5-
point Likert scale (strongly disagree to strongly agree). The
results are analyzed by calculating expertlike (favorable)
and nonexpertlike (unfavorable) responses in the pre- and
postsurveys for each student. These results are compiled in
8 categories (real world connection, personal interest,
sense making or effort, conceptual connections, applied
conceptual understanding, problem-solving general, prob-
lem-solving confidence, and problem-solving sophistica-
tion) and an overall score for expertlike thinking. Scores are
calculated for the whole class of students by averaging the
scores of individual students [23].
The difference, or effect size, between the score averages

of two surveys, x0 and x1, are evaluated using Cohen’s d,

d ¼ x1 − x0
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1
2
ðs21 þ s20Þ

q ; ð1Þ

where s20 and s21 are the corresponding sample variances. A
large d means a more pronounced difference between the
means of the two distributions. Although there is no
absolute scale for d, a common rule of thumb says that
d ¼ 0.5 corresponds to moderate difference.
In addition to averages, we also compare distributions of

expertlike thinking scores for entire classes. To test if two
distributions are statistically different, we perform theMann-
Whitney U test [37]. For this test, we report the effect size

r ¼ 1 −
2U
n1n2

; ð2Þ

whereU is the Mann-Whitney statistic and n1 and n2 are the
sample sizes from both distributions. Since the maximum
value ofU is n1n2, this effect sizewill always be between−1
and 1.
Although the Introduction courses are meant for first

year physics students, some students retake the courses
later during their studies. Also a few students majoring in
other natural sciences or mathematics decide to enroll on
these courses instead of the somewhat easier physics
courses meant for nonphysicists. In this study, we wish
to concentrate on physics majors who are beginning their
studies, and therefore we remove responses from other
students from the data. This leaves us with a total of 140
valid responses. The breakdown of responses per academic
year is shown in Table I. This table also lists the limitations

TABLE I. Number of responses each academic year.

Semesters Contact teaching N

Fall 2018, Spring 2019 Full 38
Fall 2019, Spring 2020 Full 32
Fall 2020, Spring 2021 None 30
Fall 2021, Spring 2022 Limited 40
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on contact teaching for each year. Becausewe have data from
two years of full contact teaching, academic years 2018–
2019 and 2019–2020, we combine the survey results from
these years in our analysis (full contact teaching, N ¼ 70).

IV. RESULTS

A. Effects of teaching on expertlike thinking

Survey results are collected in Fig. 1 for all three levels of
contact teaching. Results from full contact teaching is
shown on the top, no contact teaching in the middle,
and limited contact teaching at the bottom. Each pair of
columns represents a category of the CLASS survey, the
rightmost one being the overall score. In each pair of
columns, presurvey results are on the left and postsurvey on
the right. Bottom bars show the percentage of answers
displaying expertlike thinking, and top bars show non-
expertlike thinking. The gap in between is the portion of
neutral answers. Error bars show the calculated standard
error of mean.
Overall, the students display a fairly high level of expert-

like thinking. This is no surprise, as we are surveying physics
majors, who very likely have a higher than average level of
interest in physics. This is seen especially in the categories
real world connection and personal interest, where scores of
over 80% favorable answers are reached. The lowest scores
are seen in the categories applied conceptual understanding
and problem-solving sophistication, which measure the

students’ attitudes when applying their knowledge of phys-
ics. These categories do not measure just interest but also
strategies, which are often still unsophisticated when stu-
dents begin their studies at the university level.
The effect of the first year of studies is seen by

comparing the pre- and postsurvey results. During the
prepandemic years where full contact teaching was pos-
sible, shifts in expertlike thinking are fairly moderate.
Some gains are made in the categories where the presurvey
scores were the lowest, but there is practically no gain in the
overall score. Still, this is not a bad result, since the overall
score is fairly high in both pre- and postsurvey (74%� 4%
and 75%� 4% favorable, respectively), and it is not
uncommon for CLASS scores to drop during the first year
of studies [25–28].
The results are very different when no contact teaching

was possible, as the portion of favorable answers are seen to
decrease while unfavorable answers become more
common. Although in some categories the shifts are not
very pronounced, what is most striking is that this happens
consistently. Not a single category shows any positive
gains. Fortunately, when limited contact teaching was again
possible, we again see increases in favorable answers, and
in some cases these gains seem to be even stronger than
when full contact teaching was possible.
The changes from pre- to postsurvey can be better

understood by examining the effect sizes as shown in
Fig. 2. In this plot, a positive value means a higher value in
the postsurvey. Therefore we wish to see positive values for

FIG. 1. Portion of expertlike (favorable) and nonexpertlike
(unfavorable) answers in both pre- and postsurvey for different
levels of contact teaching.

FIG. 2. Effect size from presurvey to postsurvey for different
levels of contact teaching.
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favorable answers (more expertlike answers after teaching)
and negative values for unfavorable answers (less non-
expertlike answers after teaching).
As we already discussed, full contact teaching seems to

have had little effect on student thinking.We see positive and
negative values for both favorable and unfavorable answers,
but the effect sizes are typically close to zero and at most
jdj ¼ 0.26, which is still considered to be a small effect.
The case is different for the students who received no

contact teaching. In all categories, the effect on favorable
answers is either zero or negative while the effect on
unfavorable answers is zero or positive. This negative effect
is small or moderate on the favorable answers, but in some
categories there are strong effects on the unfavorable
answers. The strongest increase in unfavorable answers
is seen for conceptual connections where the effect size is
1.0. Upon further analysis we find that although there is an
increase in unfavorable answers to all the statements in this
category, this effect is most strongly driven by a great
increase of unfavorable answers in statement 1, “A sig-
nificant problem in learning physics is being able to
memorize all the information I need to know.” In the
presurvey, only 10% of students agreed with this statement
while 40% did so in the postsurvey, showing a significant
increase in nonexpertlike thinking. For comparison, 19%
and 17% of students in full contact teaching agreed with
this statement in pre- and postsurveys, respectively.
Besides statement 1, unfavorable answers increase

markedly also in statement 5, “After I study a topic in
physics and feel that I understand it, I have difficulty
solving problems on the same topic” (from 35% to 57%),
and 40, “If I get stuck on a physics problem, there is no
chance I’ll figure it out on my own” (from 20% to 30%).
These contribute to the applied conceptual understanding
as well the problem solving categories, and as a result these
categories also show a moderate effect in increased non-
expertlike thinking.
Much more positive results are seen with limited contact

teaching. Although overall gains in favorable answers are
small and there is roughly equal increase in unfavorable
answers, most categories show small to moderate effects in
increased favorable answers. In fact, the highest gains in
expertlike thinking are seen in conceptual connections and
applied conceptual understanding, wherewe saw the highest
increase in nonexpertlike thinking for the students with no
contact teaching. All problem-solving categories also show a
small positive effect in expertlike thinking. These results can
again be attributed to statements 1, 5, and 40, only now we
see a significant increase in favorable answers (from 43%,
8%, and 25% to 58%, 18%, and 48%, respectively).

B. Distributions of expertlike thinking scores

Next, we turn our attention from mere averages to the
distribution of expertlike thinking in the student population.
Figure 3 show these distributions for overall favorable

answers in both pre- and postsurveys, as well as the
distribution of change in favorable answers.
In classes that received full contact teaching, most

students demonstrate expertlike thinking in 60%–90% of
their answers in both pre- and postsurveys, as only a few
students fall outside of this range. The distribution peaks in
the 80%–90% range showing that many students have
developed a high level of expertlike thinking already in
high school. The distribution for the change in expertlike
thinking peaks symmetrically at 0% showing that, on
average, student views did not change.
The class that had to study with no contact teaching

shows a similar distribution in the presurvey with most
students in the 60%–90% range. However, this is not true
anymore for the post-survey distribution, which has broad-
ened so that the bulk of students now fall in the 50%–90%
range. That is, the number of students scoring between 60%
and 90% has decreased while those scoring between 50%
and 60% has increased. This drift towards lower scores in
expertlike thinking is seen also in the distribution for
change, which again peaks at 0% but is now asymmetric,
displaying more negative than positive changes.
The situation is reversed in the class that studied under

limited contact teaching. Now, the bulk of students are
distributed between 50% and 90% already in the presurvey.
Furthermore, the distribution peaks between 60% and 70%.
Clearly, this student population demonstrated a lower level
of expertlike thinking compared to previous years at the
start of their studies.
In the postsurvey most students are again found in the

60%–90% range with only few students in the 50%–60%

FIG. 3. Distribution of overall favorable CLASS scores in pre-
and postsurveys, and the change in this score.
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interval, showing a positive shift due to teaching. However,
the distribution still peaks between 60% and 70% instead of
80% and 90% as in the full contact teaching data. Also, the
distribution for changes in expertlike thinking now shows
two peaks at around �10%. Curiously, further analysis
reveals these peaks consist entirely of female students. For
male students this distribution peaks at 0%. However, we
could not demonstrate any particular explaining factor
for this.
We check if these changes in distributions are sta-

tistically significant using the Mann-Whitney U test. We
find that the difference between pre- and postsurvey
distributions is not significant in any of the groups
(jrj ≈ 0.1 and p ≈ 0.2 in all cases). This is expected in
the full contact teaching group since we see little difference
between pre- and postsurvey distributions in Fig. 3. For the
other groups, Fig. 3 suggests there may be a difference
between pre- and postsurveys, but our data is insufficient to
reach a statistically significant conclusion.
However, we do find statistically significant differences

between distributions of different groups. The presurvey
results of full and no contact teaching groups are similar
(jrj ¼ 0.16 and p < 0.1), but the postsurvey distributions
are statistically different (jrj ¼ 0.34 and p < 0.005). That
is, these groups began their studies showing a similar
distribution of expertlike thinking but displayed genuinely
different levels of expertlike thinking after the first year of
studies.
Similar analysis reveals that the full and limited contact

teaching groups are statistically different in both presurvey
(jrj ¼ 0.26 and p < 0.02) and postsurvey (jrj ¼ 0.25 and
p < 0.02), in agreement with our previous discussion. The
distribution of expertlike thinking of students was signifi-
cantly different (less mature) in the limited contact teaching
group compared to previous years at the beginning of their
first year of studies. Furthermore, compared to the full
contact teaching group, a significant difference remained
after one year, although this difference was smaller than the
difference between the groups that received full or no
contact teaching.
To further quantify the differences between the full and

limited contact teaching classes, we calculate Cohen’s d for
their presurvey and postsurvey results in all CLASS
categories, as shown in Fig. 4. Note the difference to
Fig. 2: We are not comparing the same set of students
before and after teaching, so this is not a measure of the
effect of teaching. We are measuring statistical difference
between distributions involving different students. The plot
on the top shows the difference in presurvey between full
and limited contact teaching groups, and the bottom plot
similarly for postsurvey. Positive values mean a higher
score was recorded for the limited contact teaching group.
Comparing favorable answers in presurveys, we find that

the group that received limited contact teaching scored
lower in all categories compared to the group in full contact

teaching. In several categories, including the overall
CLASS score, jdj ≈ 0.5, meaning that the difference is
moderately significant. Furthermore, even though we saw
generally positive gains in expertlike thinking during
limited contact teaching, these gains were not enough to
close the gap, as the limited contact teaching group still
scored lower in the postsurvey compared to the full contact
teaching group.

C. Course completion

Our survey data has shown that there are moderate
differences in the level of expertlike thinking in students
who studied under different conditions. Finally, we com-
pare these results to student performance.
Since students pass the Introduction courses by partici-

pating in course activities, grades do not reflect mastery of
the subject, as displayed effort is a fairly significant factor
in several assignments. Still, the final grade is a measure of
some combination of motivation, effort and mastery, and
therefore a meaningful reference nonetheless.
To test if there is correlation between CLASS results and

course performance, we calculate Pearson’s correlation
coefficient R between the CLASS category scores and
the final grade (given on an integer scale of 0–5). As a
result, we do find positive correlation, but usually this
correlation is fairly weak. For classes in full or limited
contact teaching, all R values are about 0.35 or less. So
even though high-performing students tend to have higher
CLASS scores on average, CLASS is not a good predictor
of individual student performance in these groups.
However, for students that received no contact teaching,

we see stronger correlation between CLASS and grades.
The highest R is found for postsurvey overall CLASS

FIG. 4. Comparison of survey results for classes with full and
limited contact teaching. Differences are calculated in such a way
that a positive value means the class with limited contact teaching
scored higher.
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score, for which R ¼ 0.65. There is moderately strong
correlation also between all the problem-solving categories
and the final grade, as they have R values between 0.5 and
0.6 in both pre- and postsurvey (p < 0.001 for all).
Finally, in Table II, we list the total number of physics

majors who passed the Introduction courses each fall and
spring, and the corresponding dropout rate calculated as the
difference between these two numbers, divided by the
number of students who pass the fall course. In the years
2018–2019 and 2019–2020, with full contact teaching, the
dropout rate during the first study year was slightly less
than 10%. In 2020–2021 and no contact teaching, the
dropout rate doubled to 17%. This is in accordance with
negative changes in expertlike thinking during this year.
Lastly in 2021–2022 and limited contact teaching, a low
dropout rate of 6% was recovered.

V. DISCUSSION

We set out to compare the development of expertlike
views in three different groups of new physics majors, and
our results found differences between all of them.
Before the pandemic, students displayed a fairly high

level of expertlike thinking already at the beginning of their
studies, and their views did not significantly change during
their first year of studies. The students who began their
studies in 2020 also demonstrated similarly high levels of
expertlike views at the beginning of their studies, but their
results deteriorated during a year of remote learning,
showing a systematic decrease in expertlike answers and
an increase in nonexpertlike answers.
This result is not surprising but it is in direct contrast to

previous results that showed no change in the students’
views on experimental physics after emergency remote
teaching [21]. Similarly in a study conducted before the
pandemic, there were no differences in attitudes between
students in in-person and online physics laboratory teach-
ing [38]. Note though that these studies were based on a
survey focusing explicitly on experimental physics,
whereas CLASS focuses on theoretical and more general
aspects of physics. These surveys probe clearly different
aspects of physical thinking and therefore it is not surpris-
ing that different results are observed. It is also not
straightforward to compare results from before and during
the pandemic, as the lockdowns did not only disrupt the
way people studied but many other aspects of their lives as

well. Places such as libraries, theaters, restaurants, and
sports facilities were all shut down in Finland during the
pandemic, and, for instance, student clubs were not allowed
to organize in-person activities.
Although student views developed negatively in all

categories during the pandemic, the most severe effect
was on a statement about physics as a collection of facts to
remember. There is much to learn during undergraduate
studies, but physics forms a logical whole which must be
studied through understanding instead of memorization.
A student who sees physics as a collection of facts is not in
a position to construct a coherent understanding of physical
theories and will likely face severe difficulties in his or her
studies. Therefore, it is a worrying observation that the
pandemic affected this view so negatively. This result is
also in agreement with some earlier studies where emer-
gency remote teaching had a negative impact on student
performance [11–13].
The flipped learning model applied in the Introduction

courses makes the student responsible for getting
acquainted with new information, but the logical structure
of this information is explored together with the teacher
during lessons. In contact teaching, this was successful, but
even though students had access to teacher assistance
during the pandemic, many students failed to understand
these connections when this aid was provided remotely.
This is possibly due to it being easier for the students to
miss or even purposefully avoid communicating with the
teacher and their peers in an online environment, while it is
more difficult for the teacher to reach the students in order
to guide them. In such an environment, self-organization
and communication skills of the students become increas-
ingly important [14]. Also, learning to understand the
logical structure of physics can require resilience which
many students may have lacked in the stressful environ-
ment created by the pandemic [39,40].
We saw that high CLASS scores correlated modestly

with academic performance in the full and limited contact
teaching groups. This is in agreement with previous studies
where similar correlations have been observed [25,41]. In
the group that received no contact teaching, however,
we found the correlation to be much stronger than in the
other groups and also much stronger that what is typically
reported. Especially the postsurvey overall CLASS score
was a good indicator of success. In addition, the presurvey
scores in the problem-solving categories were fairly good
predictors of academic performance. This suggests that a
contact teaching environment can help overcome some
of the nonexpertlike views students have regarding pro-
blem solving. Perhaps this is because students seek help
more frequently face to face than online [42,43]. In a
remote learning environment, the students need to deve-
lop fairly sophisticated expertlike thinking in order to
achieve high academic performance. The necessity for
well-developed study skills is likely reflected also in the

TABLE II. Number of physics majors who passed the Intro-
duction courses in the fall and in the spring and the dropout rate.

Semesters Passed fall Passed spring Dropout rate

Fall 2018, Spring 2019 56 52 7%
Fall 2019, Spring 2020 44 40 9%
Fall 2020, Spring 2021 45 37 17%
Fall 2021, Spring 2022 52 49 6%
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dropout rate [44–46], which was clearly higher in remote
learning compared to other groups. It seems that contact
learning could provide enough aid and social support so
that also most of the low-performing students were able to
complete the courses, whereas remote learning could not.
As a result of these challenges, a higher percentage of

students did not finish their first year of studies during the
pandemic compared to other years. We do not expect this to
affect our conclusions, though. Since correlation between
academic performance and CLASS scores was particularly
strong in this group, it is likely that the students who did not
finish their studies would have scored low in the CLASS
postsurvey, had they taken it. Therefore, if these missing
students were included in the dataset, we would expect
even lower scores in the no contact teaching postsurvey,
i.e., an even more pronounced difference to the other
groups.
The students in the limited contact teaching group began

their studies a year later after having experienced the
emergency remote learning during their final year in high
school. Subsequently, they scored consistently lower in
expertlike thinking in the presurvey compared to previous
classes. We cannot claim for certain nor confirm that this
lower score is due to the learning disruption they experi-
enced earlier, as we have no CLASS data for this group
from before the pandemic. This difference can be due to
other factors or even just chance. Also, a few students in
this group had graduated from high school earlier than the
previous spring and entered university after a gap year.
They had not experienced the pandemic during high
school. Therefore it is an oversimplification to claim that
the drop in expertlike thinking is solely due to remote
teaching. It is plausible, however, that earlier remote
teaching was an important contributing factor.
In any case, aswe saw in thegroup that received no contact

teaching, a disruption in the learning environment can cause
deterioration in expertlike thinking. Therefore we may
consider the group in limited contact teaching as a model
for a population whose views have been affected by the
pandemic, even if we are not certain if that the pandemic was
the ultimate reason for the observed difference.
For this group of students, participation in the flipped-

learning-based Introduction courses resulted in an overall
increase in both expertlike and nonexpertlike thinking.
Importantly though, this group displayed positive develop-
ment in expertlike thinking in exactly the same statements
that were most adversely affected by the pandemic in the

previous class. The dropout risk was also reduced back to
prepandemic level despite possible skill deficits compared
to earlier classes. This suggests that negative effects of
earlier learning disruptions could be gradually mended
once contact learning can be resumed. Still, overall non-
expertlike thinking increased as much as expertlike think-
ing in this group, and their postsurvey CLASS score was
still moderately lower than that of the full contact learning
group. Apparently, the negative effects from one year of
disrupted studies can be long lasting and not easily mended
in a similar timeframe.
On a more positive note, these results were obtained in

limited contact teaching. This indicates that even though
many students do not cope well in a learning environment
based only on remote learning, providing some regular in-
person lessons in addition to online activities may be
enough to mitigate the negative effects of exclusive remote
learning.
Naturally, these results are likely dependent on the

details of the learning environment and provided commu-
nication possibilities, and one cannot directly generalize the
conclusions to other courses organized in a different
fashion. Many activities on the Introduction courses require
teamwork, which forces the students to communicate at
least to some degree. This may have provided the students
with valuable social connections during the pandemic, but
it may also have increased cognitive load and lead to the
students focusing on how to use online collaborative tools
instead of learning physics. Courses focusing on individual
effort surely had to deal with very different kinds of
difficulties during the lockdown.
Also note that the Introduction courses account for

only one-third of the academic workload these students
experience during their first year of studies. Although
these courses likely have the most direct impact on the
students’ attitudes towards physics, other courses and
extracurricular activities (or lack thereof) also influence
student thinking. We cannot separate these effects from
our data, but on the other hand, all of these activities
were disrupted by the pandemic simultaneously and our
results may be interpreted as a sum effect of the
disruption.
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