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Lab instruction during the COVID-19 pandemic: Effects on student views
about experimental physics in comparison with previous years
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Physics lab instructors were forced to adapt their courses in 2020 due to the COVID-19 pandemic.
We investigate the impact these changes had on student views towards experimental physics as measured
by the Colorado Learning Attitudes about Science Survey for Experimental Physics (E-CLASS). Analysis
of the responses from over 1600 students in both spring and fall semesters and performing a comparison
with the same courses in 2019 shows that student total E-CLASS scores were not lower in 2020 compared
to 2019. Nevertheless, in the Fall 2020 data, we find that there is a variation in the mean E-CLASS scores
on some individual questions when compared to previous years.
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I. INTRODUCTION

The coronavirus pandemic impacted all aspects of life in
2020. With many educational institutions transitioning to
remote learning to reduce the transmission of the virus,
undergraduate student access to physics teaching labora-
tories was severely curtailed. The dramatic disruption
during 2020 is expected to have a large, negative impact
on student learning [1,2]. While there is some early
evidence documenting such an impact, it has focused on
student learning of content at the K-12 level [3-5]. In
contrast, in this work, we focus on students in higher
education, specifically those taking first-year (or introduc-
tory level) courses in experimental, laboratory physics. It is
the aim of this work to identify the impact of disruption in
lab instruction due to the pandemic on student epistemol-
ogies and expectations of experimental physics; together,
we refer to these as “views” towards experimental physics.
Furthermore, we are specifically interested in what impact
can be measured at the large scale, identifying changes that
are shared across multiple U.S. universities and colleges.

The study of physics labs in the context of the pandemic
is particularly important, because these are classes where
group work and hands-on experience feature prominently
[6,7], and, almost by definition, rely on the class being held
in person. Indeed, in a previous report [8], we presented
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preliminary results indicating that maintaining or replicat-
ing the in-person experience was a key challenge when
instructors were forced to transition to emergency remote
teaching in March 2020. Adapting to this challenge has
been a monumental undertaking by instructors, often
supported by their peers in the wider community of lab
instructors and researchers who shared their experiences
and knowledge of best practice throughout 2020 [9-13].

We are interested in how students’ views have been
affected by emergency remote teaching, rather than student
understanding of physics concepts or content knowledge,
which may differ widely across different courses and
educational settings. A common goal for undergraduate
physics lab classes is the development of the habits of mind
of an experimental physicist [14,15], which are directly
related to student views about experimental physics.
Student views are shaped over their entire lifetime of
experiences inside and outside the classroom [16], there-
fore, as we only consider the impact of a single course, we
would normally not expect to see large changes in our
measure of student views. However, the scale of the
changes implemented in 2020 (practically all instructors
across the U.S. were changing their courses at the same
time) in combination with both students and instructors
dealing with the physical and emotional impact of a
pandemic, might result in larger changes.

We choose to approach this investigation by adopting a
situated theory of epistemological development [17],
whereby students’ epistemologies develop based on reflec-
tions of their experiences in specific cultural and social
contexts. Applying this idea to lab courses suggests that
the absence of the context of the in-person lab will lead
to less relevant experiences for students to reflect upon
and, therefore, fewer opportunities for epistemological
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development. Hence, we propose the hypothesis that
student views toward experimental physics will become
less expertlike during emergency remote instruction to a
greater extent than during in-person, pre-pandemic instruc-
tion. We will test this hypothesis with student responses to
the Colorado Learning Attitudes about Science Survey for
Experimental Physics (E-CLASS) [14].

Since 2012, the E-CLASS has been used by lab
instructors to measure how their course affects the develop-
ment of students’ views by administering a survey at the
beginning (the pretest) and end (the post-test) of the course
(see Sec. I A for more details). While many regular data
collection efforts, such as standardized testing and in-
person research have been hindered by the public health
restrictions imposed by the pandemic [18], as the E-CLASS
is administered using an automated, online system [19], we
have been able to collect data throughout 2020. In both the
spring and fall semesters of 2020, the E-CLASS was used
in over 50 courses with responses each semester from over
2500 students. We choose to analyze and discuss the two
semesters separately, as there were material differences
between how courses were implemented between the two.
In spring, courses switched, sometimes in a matter of days,
from being in-person to remote teaching, while in fall,
many courses were entirely remote or hybrid and instruc-
tors had a slightly longer period of time in order to plan
how the activities would be realized.

In this work, we focus on the broad question of whether
there was an impact on student views. Specifically, we pose
the following research questions that will allow us to test
our hypothesis:

RQI1. Did students become more or less expertlike in
their views about experimental physics in 2020
compared to previous years?

RQ2. What were the students’ views about experimental
physics that changed in 2020 compared to previous
years?

As well as providing documentary evidence as to the
impact of the pandemic on students’ views around exper-
imental physics, the answers to these research questions
will allow the community to evaluate the effectiveness
of emergency remote instruction and whether it is worth
considering if any aspects of the remote activities should be
kept in future courses. However, we save the question of
which specific instructional changes during the pandemic
were the most successful for later work, where qualitative
data sources will be used to build a more complete picture
of emergency remote instruction.

The structure of this work is as follows. In Sec. II, we
describe first the data collection methods using the
ECLASS; how we have selected appropriate data for the
comparisons needed to answer our research questions;
we report the resulting demographic information of the
selected sample of students, then discuss the limitations
of the methodology and the ethical considerations of

conducting research during a pandemic. In Sec. III, we
present our results, first for the spring semester and then for
the fall semester. For each semester, we present data on
overall E-CLASS scores to answer RQ1 and then present
data for individual questions from the E-CLASS to answer
RQ2.In Sec. IV, we discuss the results, draw conclusions in
answer to our research questions and evaluate the degree to
which the evidence presented supports our hypothesis. See
Supplemental Material [20] for Appendices A—C.

II. METHODOLOGY
A. The E-CLASS

We start by briefly summarizing the structure, logistics,
and processing of the E-CLASS survey. More details of
these can be found in Refs. [14,19]. The E-CLASS asks
students the same 30 Likert-style questions at the beginning
(the pretest) and end (the post-test) of their course. These 30
questions have two parts, the first asking about the student’s
own experience in their lab course, while the second part
asks about how they think expert physicists would respond
to the same prompt. We are considering only the former
subset of questions in this study, as we are interested only in
their views about experimental physics related to their
course. An additional set of questions are included in the
post-test asking students about grading practices in their
course, as well as to collect demographic information.
During 2020, we also included supplementary questions in
the post-test to learn about student experiences of labs
during the pandemic, examples of which can be found in
Ref. [8]. A simple analysis of a subset of the supplementary
remote lab survey questions has been performed in
Appendix A [20], the purpose of which is to provide the
reader with the necessary context of the courses we are
using in the analysis. These descriptions are presented in
Sec. III, as a prelude to our presentation of the quantitative
results. We choose not to look for associations between this
simple analysis of contexts and the E-CLASS scores in this
work, as this is beyond the scope of our research questions.

Each of the 30 questions in the E-CLASS that ask about
the student’s own experience provide a statement to the
student which they are asked whether they strongly dis-
agree, disagree, neutral, agree, or strongly agree with. For
scoring, this five-point scale is reduced to a three-point
scale by collapsing the two extremes at each end of the
scale. Then, the student’s response is compared with the
expertlike response (determined by expert consensus [14])
and given a score of 1 if the two are aligned (i.e., both agree
or both disagree), -1 if the two are opposite (one agrees and
the other disagrees), and 0 if the student responded with the
neutral response. The total E-CLASS score is then calcu-
lated by the sum of the scores given for each of the 30
items, therefore existing as integers in the range [—30, 30].

As we are interested in the impact of instruction, it is
important to be able to compare a student’s score from the
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post-test with the score from the pretest. Therefore, we
match student responses from the two surveys using their
student identification number or their first and last names,
which they are asked to provide at the beginning of each
survey.

Before proceeding, we highlight the results of one
previous study looking at E-CLASS scores to help establish
reader expectations for the values presented later in Sec. 111,
and also to foreground some of our discussion in Sec. I'V.
As part of the study, Wilcox and Lewandowski [21]
compared pretest and post-test scores from the E-CLASS
collected from 49 different first-year courses. They reported
that in traditional, guided, first-year lab courses there was a
drop of 1.9 points in the mean total E-CLASS score from
the pretest to the post-test. This drop corresponded to a
small effect size of » = 0.1 (we discuss our measure of
significance in Sec. II B immediately following). Such
drops in scores are common on attitudinal surveys in both
traditional lab and lecture courses [22]. For first-year lab
courses with open-ended activities the mean total E-
CLASS score was practically the same from pretest to
post-test (it increased by 0.1 points and was not a
statistically significant difference).

B. Data identification and analysis

The research questions posed in Sec. I require us to make
a comparison between scores on the E-CLASS in 2020
with scores from previous years. To control, to as great an
extent as possible, for variations between courses, we
include courses only if we have data collected from them
when they ran in both 2019 and 2020. We also treat the
spring and fall semesters as separate sets of data because of
the distinct situations in each semester in 2020, as dis-
cussed in Sec. I. Additionally, we have selected data from
students in the same courses that ran in 2018, with the
purpose of evaluating the size of changes one might expect
in a comparison between two years (2018 and 2019) in the
absence of the structural changes made because of the
pandemic. However, as we do not have data for all the 2020
courses in 2018, this results in fewer courses available to
analyze from 2018. This will have an impact on the validity
of the comparison, though it remains useful, as it can be
used to construct an upper limit on the size of the effects we
would expect to see. Hence, our main conclusions are
drawn from comparisons between 2020 and 2019 only.

We have chosen to analyze only first-year (or introduc-
tory-level) courses, as these form the dominant component
of the data in terms of numbers of students and courses.
Previous work has shown significant differences in scores
on the E-CLASS between first-year and beyond-first-year
courses [23,24]. As beyond-first-year courses tend to have
fewer students than first-year courses, our ability to draw
conclusions from the small dataset of beyond-first-year
scores that we have (78 total students in Spring 2020 and 7
total students in Fall 2020) is limited. The small number of

beyond-first-year students in our data is also a consequence
of beyond-first-year lab courses being offered less fre-
quently than first-year lab courses, perhaps not even every
year and, therefore, failing our selection criterion of having
a matching course in 2019. A qualitative analysis of the
impact of emergency remote teaching on beyond-first-year
courses will be the subject of future work.

As we are interested in the general trends in student
views in 2020, we amalgamate student responses from all
the identified courses. To answer RQ1, we consider the
total E-CLASS score as a measure of student views. For
the analysis, we compare the distributions of pretest scores
across years to establish the degree of similarity in student
responses at the beginning of their course. Then, we
compare the distributions of post-test scores across years
to identify any differences. In addition, we consider the
distributions of the shift in scores from pretest to post-test
(specifically, for each student subtracting their pretest score
from their post-test score). The shift is a useful measure
because (i) it accounts for a students’ pretest score, and,
hence, (ii) it tells us directly the effect of the period of time
the student is in the course.

To perform these comparisons, we first look at summary
statistics (means, medians, etc.), then use the Mann-
Whitney U test [25] to establish the statistical significance
of any differences in the distributions of the E-CLASS
scores from two groups of students. We use this test
because the distributions we are considering are categorical
and non-Gaussian. Additionally, we choose to report effect
sizes (through the rank-biserial r [26]) and 95% confidence
intervals as our measure of practical significance to provide
easy to interpret measures independent of sample size as
recommended by Cohen [27] and more recently Rodriguez
[28]. We report the magnitude of r and, as such, it is
constrained to have a value in the range [0, 1]. If all student
scores from the two groups are ranked in order, then r = 0
corresponds to there being an equal likelihood for the next
score to be from either of the two groups, while r =1
corresponds to all the scores in one group being higher (or
lower) than all scores in the second group [29]. These effect
size estimates are generated using the wilcoxonR function
of the statistical programming language R [30,31]. In
interpreting the values of the effect size, we follow the
guidance of McGrath and Meyer [32], where values of
r=0.10, »r =0.24, and r = 0.37 correspond to small
(merely statistical), medium (subtle), and large (obvious)
effect sizes respectively (for the relation to Cohen’s d [33]
see Table 7 in Ref. [34]).

Previous work has shown that there is a strong depend-
ence of post-test E-CLASS score on the pretest E-CLASS
score [35]. Furthermore, other variables that can be
predictors of post-test score include the choice of major
(physics or nonphysics) and gender. Therefore, in addition
to the above analysis, we model the post-test score with a
linear model (ANCOVA) including a categorical variable
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for the year to identify and isolate the effect of students
taking a lab class in 2020.

To answer RQ2, we consider each of the 30 questions
from the E-CLASS separately. We calculate the mean score
(which exists in the range [-1,1]) and compare the shift in
mean score between the two years. A student’s score for
each question is in the discrete set {—1,0, 1} and, thus, the
shift in score (post-test score minus the pretest score) is in
the discrete set {—2, —1,0, 1, 2}. Hence, we again make use
of the Mann-Whitney U test, as described above, to
determine the significance of the differences between
distributions of the shift in score for different groups of
students (e.g., from one year to the next). Additionally, we
report the p values, p, associated with the Mann-Whitney
U tests for each item to demonstrate to what extent we are
able to draw statistically relevant conclusions based on an
analysis of changes in individual item scores. That is, we
will report on individual items that do not satisfy the null
hypothesis that the distributions of the shifts in score are the
same between two years at the critical p level of @ = 0.01.
We use the Holm-Bonferroni correction to avoid type I
errors (false positives) [36—38], meaning that the effective
p level to consider the first (lowest p value) of 30 items as
not a false positive is p < 3 x 107,

TABLE L.

C. Course contexts and demographics

In our data, there are 14 courses in which E-CLASS was
used in both Spring 2020 and Spring 2019. As many
instructors teach, or administer, multiple courses, these 14
courses come from a sample of eight institutions. Of these,
one is a master’s awarding institution, and seven are Ph.D.
granting institutions [39]. In the fall data, there are 20
courses in which E-CLASS was used in both 2020 and
2019, which come from a sample of 14 institutions. Of
these, four are 4-year colleges, two are master’s awarding
institutions, and eight are Ph.D. granting institutions.

In the Spring 2020 data, the minimum number of
students in a course that we have complete data for is 9
and the maximum is 454 with a median number of students
of 95. In the Fall 2020 data, the minimum number of
students in a course that we have complete data for is 4 and
the maximum is 358, with a median of 55. We emphasize
that these numbers are only a conservative estimate for the
numbers of students in a course, as not all students would
have participated in the E-CLASS (see Sec. II D for more
details). The decrease in the number of students per course
between Spring and Fall 2020 may be a result of lower
enrollment, but our data are not suitable to draw any
conclusion on that, as only 9 of the 20 courses in Fall are

Student demographic information from spring and fall for introductory courses in the years 2018, 2019,

and 2020. Courses in 2018 are included only if the same course occurred in 2020 and 2019. Race and ethnicity
labels correspond to those used by the U.S. Census Bureau [40]. The category “Physics” major includes physics and
engineering physics majors only. “Engineering” includes all engineering other than engineering physics. “Other
Science” majors include all other science majors (biology, chemistry, math, computer science, etc.) not included in
the physics category, “Nonscience” majors include all other majors as well as undeclared majors.

Spring Fall

2018 2019 2020 2018 2019 2020
Number of courses 7 14 14 16 20 20
Number of students 1082 1632 1700 1934 1983 1918
Female 40.7 48.0 55.6 52.3 50.0 53.6
Male 59.3 52.0 44.4 47.7 50.0 46.4
American Indian or Alaska Native 0.9 0.7 1.1 0.7 1.1 1.2
Asian 10.2 12.6 12.9 15.9 18.5 17.8
Black or African American 11.6 10.5 10.2 10.0 9.4 10.6
Hispanic or Latino 9.1 6.2 6.5 7.2 8.5 13.5
Native Hawaiian or other Pacific Islander 0.6 0.3 0.4 0.4 0.5 0.4
White 67.7 70.5 70.4 66.9 63.9 60.8
Other ethnicity 2.5 1.6 2.6 24 2.5 2.1
Unknown ethnicity 3.8 3.9 2.8 3.7 4.7 3.8
Physics 6.5 6.1 5.2 3.9 5.5 3.8
Engineering 23.6 26.2 24.9 19.5 21.6 24.1
Other Science 48.2 40.7 42.7 45.5 41.2 42.2
Nonscience 21.8 27.0 27.2 31.0 31.7 29.9
Ist year 28.7 35.5 32.9 16.3 19.2 20.8
2nd year 32.7 27.1 27.3 30.2 31.7 32.0
3rd year 26.6 24.5 27.9 35.0 33.1 31.1
4th year 94 10.4 10.6 15.2 12.9 14.0
5th year or higher 2.6 2.5 1.3 33 3.1 2.1
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the same as those in Spring. The large range of number of
students in each course poses the risk of the courses with
larger populations dominating the statistics of our results.
However, we note that the within course variation of
student scores is larger than the variation of scores between
courses. Specifically, the standard deviation of the mean
scores for each course (2.8 points in Spring 2020 and 2.6
points in Fall 2020) is less than half of the mean of the
within course standard deviation of scores (7.4 points in
Spring 2020 and 6.9 points in Fall 2020), suggesting that
amalgamating all student scores is reasonable. Nevertheless,
we remain cognizant of this fact and will address it again
when presenting the results.

A full breakdown of student demographics (gender, race
or ethnicity, major, and student year) is provided in Table I.
We see that the demographic characteristics of the students
in the samples from 2020 and 2019 are very similar in
both spring and fall semesters. We have also included
demographic information for the 2018 semesters, to help
justify our later comparisons. In Spring 2018, there are half
the number of courses than in the 2019-2020 data, and the
resulting demographics are slightly different. As such,
comparing 2018 with 2019 it would not be unexpected
to find differences in E-CLASS scores (with all other things
remaining equal) than when comparing 2019 with 2020 just
because of the underlying differences between the distri-
butions of student backgrounds. Nevertheless, this can be
used as a conservative upper estimate of the size of
difference we might expect to see, and, therefore remains
a useful comparison to make. In Fall 2018, the dataset
contains two-thirds of the courses that are in the 2019-2020
sample, while actually having more student responses than
in 2020. Consequently, the demographic data is very
similar in 2018 to 2019-2020, and we can have greater
confidence in performing a comparison between 2018 and
2019 E-CLASS scores to establish the expected size of
changes between two pre-pandemic years.

D. Limitations of the study

A major limitation of this work is the scope in which the
results can be generalized. This is most noticeable when
considering the demographics of the student population we
have sampled. We draw a comparison between the dis-
tribution of the race or ethnicity of students presented in
Table I and the recent work of Kanim and Cid [41]
indicating that the student population in our sample over-
represents White students compared to the population of
students who took the SAT in 2015. Furthermore, the
majority of higher-education institutions in the study are
Ph.D. granting institutions, which is not representative of
the general educational landscape in the U.S.

Another source of bias in our data is that all the
instructors have demonstrated a sustained interest in under-
standing how well their students are learning by choosing
to use the E-CLASS. The sustained nature of this interest is

specific to this study, as we have deliberately selected
courses in which the E-CLASS has been used for at least
two years, and its use has been maintained during the
pandemic. Through this statement, we are not implying that
instructors who did not continue to use the E-CLASS were
not interested in learning about their students’ views of
experimental physics, and we recognize that the extra
workload for both instructors to administer and students
to participate in the E-CLASS is a legitimate reason to end
participation. A corollary of this point is that courses where
the pandemic had a larger impact on either the instructors
and/or students may not be present in our data, which
echoes the first limitation discussed on how these con-
clusions should not be generalized. This bias is one area we
will return to in Sec. I'V.

While we have explicitly stated that we are not inves-
tigating specific courses and how they were adapted in
2020, the shear variety of approaches taken by instructors
when faced with the challenge of adapting their courses
(see, for example, Ref. [8]), will mean that our analysis will
be sensitive to only “global” effects that would be corre-
lated across the sampled population. We mention this here
as it may be considered a limitation, but is also a deliberate
feature of our study’s design and relates directly to our
research questions.

A more specific limitation of this work is that, by
definition, we do not sample students who dropped out
of the course or who chose not to complete the post-test.
This is due to the requirement of having matched pretest
and post-test responses. Inspection of the number of pretest
and post-test responses before performing matching shows
a decrease in responses from pretest to post-test of 20% in
Spring 2020 and a decrease of 24% in Fall 2020, which are
comparable to the decreases in participation seen in 2019
(for spring there was a 28% decrease and for fall there was a
22% decrease). Interestingly, the magnitude of the decrease
in responses was lowest in Spring 2020, perhaps due to the
fact that almost all teaching was being conducted online at
the time and, thus, students may have found it easier to
complete an online survey.

The fact that the E-CLASS surveys are administered
online provides significant advantages for instructors,
researchers, and many students, but we also note that this
may disadvantage some groups of students. This has been
particularly highlighted during 2020, with access to a
reliable internet connection to conduct remote learning,
as well as access to computers as and when they are
needed, proving a problem for a large minority of students
in the U.S [8,42]. It is, therefore, important to remain aware
of these issues when considering the conclusions of
this work.

E. Ethical considerations

Whether or not to conduct research during a pandemic is
an ethical question that we considered before proceeding
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with collecting data for this research. This includes, but goes
beyond, the normal institutional review board (IRB) appro-
val. The concerns raised included whether it would
be ethical to study a population who may be suffering from
the health implications of COVID-19, have to care for
relatives who contracted the virus, have increased childcare
responsibilities due to school closures, or have to deal
with the economic and psychological consequences of the
pandemic. We decided on the following guiding princi-
ples for the study, some of which are standard in all of
our studies and in our IRB protocol. Participation in this
research has been optional. Furthermore, we provided the
opportunity for instructors to opt out in Spring 2020 (as the
pretest surveys had already been administered) and to opt-in
during the Fall 2020 data collection to receive the remote lab
survey questions. For students, who would normally have
completed the E-CLASS as an integrated part of their course,
these remote lab survey questions were not mandatory for
gaining the course credit for completion, if offered by the
instructor. Furthermore, when designing these additional
questions we remained conscious of the added time they
would take for the students to complete and made decisions
on which questions to include to minimize this time.

We also considered the potential benefits of continuing
data collection using the E-CLASS during the pandemic.
Specifically, by documenting student and instructor expe-
riences, we can recognize the resilience and creativity
of those participating in the research, thereby showing
that the participants’ views and experiences are valued
by the community. Through understanding the impacts of
remote lab instruction during the pandemic, instructors
and researchers can learn from both the successes and the
challenges faced to inform future instructional choices
within and beyond the confines of this pandemic, thus
benefiting all students in physics lab courses. The longer
term benefits of effective remote instruction arise from the
potential to identify techniques that facilitate the partici-
pation of students with diverse accessibility needs as well
as nontraditional and rural students in physics courses.
Therefore, in balance, we believe that these benefits far
outweigh the risks, especially when considering that the
burden of participation in the research is minimal.

III. RESULTS
A. Spring 2020

Because of the rapid spread of COVID-19 during Spring
2020, many higher-education institutions in the U.S.
switched to remote learning. This happened on, or around,
March 16th, approximately halfway through most spring
semesters (of the 14 courses we consider, the mean number
of days remaining of the course corresponded to 46% of the
total course duration). Instructors had to swiftly transition
to teaching online; in some cases only having a few days to
do so.

We describe the types of activities that instructors resorted
to during this period, in order to illustrate to the reader the
instructional practices that correspond to the following
results that we present. From the sample of courses from
Spring 2020 featured in this research, in 79% of the courses,
the instructor started to provide videos of themselves
performing an experiment; in 64% of courses, the instructor
provided students with data for them to analyze; in 43% of
courses, instructors started to use online simulation tools; in
14% of courses, students were tasked with collecting data at
home; and in 7% of courses, students reported completing
less written work, such as lab reports (see Appendix A in the
Supplemental Material [20] for the analysis used to generate
these numbers). Students from all courses reported a shift
from mostly group work during in-person instruction to
individual work while working remotely.

1. Comparison of E-CLASS score distributions (RQ1)

Having established in Sec. II C that the student demo-
graphic details in Spring 2020 and Spring 2019 are
equivalent, we look to compare E-CLASS scores between
these two groups. First, the pretest distributions [left-hand
plot in Fig. 1(a)] are remarkably similar between the two

(a) Spring [ 2019 [ 2020

30
20
10

0

E-CLASS score

-10

-20

Pre Post
(b) Fall I 2019 [ 2020
30
20

10

0

E-CLASS score

-10

-20

Pre Post

FIG. 1. Violin plots showing the distribution of pretest (left
plot) and post-test (right plot) E-CLASS scores for all courses
that occurred in (a) Spring 2019 and Spring 2020, and (b) Fall
2019 and Fall 2020. Horizontal black lines indicate the mean
score for each distribution.

010148-6



LAB INSTRUCTION DURING THE COVID-19 ...

PHYS. REV. PHYS. EDUC. RES. 17, 010148 (2021)

TABLE II.

Summary statistics for the distributions shown in Fig. 1 and for the equivalent distributions in 2018. A corresponds to the

post-test score (Post) minus the pretest score (Pre). Uncertainties on the mean scores are the standard error. The effect size (r) and the
95% confidence intervals are calculated using the result of the Wilcoxon signed-rank test [43] using the wilcoxonPairedR function [31]
and is used here because we are comparing matched data from the same student from pretest to post-test.

Mean Q1 Median Q3

Spring Pre Post A Effect size (r) Pre  Post A Pre  Post A Pre  Post A
2018 172 +£0.2 16.3 £0.2 -0.9 0.14 £ 0.06 14 12 =2 18 18 0 22 22 0
2019 16.1 £0.2 15.5+0.2 -0.7 0.08 £ 0.05 12 11 -1 17 17 0 21 21 0
2020 15.6 £0.2 149 £0.2 -0.7 0.09 £ 0.05 12 10 =2 17 16 —1 21 21 0
Fall

2018 16.1 £0.2 153+0.2 -0.8 0.11 £0.04 12 11 -1 17 17 0 21 21 0
2019 16.3+0.1 16.0 £0.2 -0.3 0.02 £ 0.04 13 11 -2 17 18 +1 21 22 +1
2020 15.8 £ 0.1 16.1 £02 403 0.06 £+ 0.05 12 12 0 17 17 0 20 21 +1

years, with the same first, second, and third quartile scores
(Table II). The mean pretest score in 2020 is 0.5 points
lower than in 2019, but care must be used when comparing
means, as the distributions are clearly not Gaussian. To
evaluate the null hypothesis that the two pretest distribu-
tions (Spring 2020 and Spring 2019) come from the same
underlying distribution, we use the Mann-Whitney U test
[25] and find the effect size to be not significant (negligible)
as shown in Table III

The fact that the two pretest distributions are so similar is
useful, as then we can have more confidence that any
difference in the post-test scores in Spring 2020 compared
with Spring 2019 may be attributed to the impact of the
transition to emergency remote instruction (especially
given that in Spring 2020 the pretest was taken under
pre-pandemic circumstances). Nevertheless, we find that
the post-test distributions [right-hand plot in Fig. 1(a)] are
also similar between Spring 2019 and 2020, though in 2020
the first and second quartile post-test scores are slightly
lower than the Spring 2019 post-test scores (Table II).
The mean post-test score in Spring 2020 is 0.6 points lower
than in 2019, while the Mann-Whitney U tests shows a
negligible effect size (Table III).

TABLE III.  Effect sizes calculated from the results of Mann-
Whitney U tests comparing the distributions of student scores
(cf. Fig. 1) between pretests and post-tests for different years.
Uncertainties correspond to an estimate of the 95% confidence
interval.

Year comparisons

Spring r (Pre or Pre) r (Post or Post)  r Post-Pre
2018 2019  0.07 £0.04 0.05 £0.04 0.03 £ 0.04
2019 2020  0.04 £0.03 0.03 £0.03 0.00 £ 0.04
Fall

2018 2019  0.01 =0.03 0.05 +0.03 0.05 £+ 0.03
2019 2020 0.04 £0.03 0.00 + 0.03 0.04 + 0.03

Comparing the distributions of the shifts in E-CLASS
scores between Spring 2019 and Spring 2020 with the
Mann-Whitney U test also gives a negligible effect size.
This further supports the result that there is no statistical
difference between student total E-CLASS scores in Spring
2020 compared to Spring 2019. We can establish the
validity of our interpretation of these effect size estimates
by comparing them with the effect sizes when comparing
Spring 2018 with Spring 2019. We see in Table III that the
effect sizes for the Spring 2019-2020 comparisons are all
smaller than those for the Spring 2018-2019 comparisons.

In order to isolate whether changes between 2019 and
2020 exist, independent of the known effects of pretest
score, gender, and major, in Appendix B [20], we have con-
structed linear models to describe the post-test E-CLASS
score as a function of the continuous variable: the pretest
E-CLASS score; and the categorical variables: year in
which the E-CLASS was taken, major, and gender. Even
when accounting for these variables, the results indicate
that there is no significant difference between post-test
E-CLASS scores in Spring 2020 compared with Spring
2019 and, hence, supporting the results reported above.
Furthermore, the only variable with a non-negligible effect
size was the pre-test score, suggesting that in addition to the
calendar year, both major and gender are not predictors
within this sample of students.

2. Comparison of individual E-CLASS
question scores (RQ2)

While we observe no differences in overall E-CLASS
scores between Spring 2019 and Spring 2020, it is also
possible that student responses to individual questions in
E-CLASS changed between the two years in such a way
that the overall score did not change. We consider the
difference in score between the post-test and the pretest
here to account for the fact that, for some questions, the
pretest scores in Spring 2020 were different from Spring
2019 (maximum effect size from the Mann-Whitney U test
comparing the distributions of scores in the pretest
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FIG. 2. Mean of the differences in student E-CLASS scores (post-test score minus pretest score) for individual questions for (a) spring
and (b) fall semesters. In each panel blue triangles represent the 2020 data, solid red circles the 2019 data, and open red circles the 2018
data. Error bars indicate the standard error on the mean. A list of the E-CLASS questions can be found in Ref. [44]. Items are ordered
based on increasing 2019 values. Apparent missing symbols for some questions indicate that the scores are the same.

questions between the two years is r = 0.06 £ 0.03). For
reference, we provide tables of mean pretest and post-test
scores for both Spring 2020 and Spring 2019, along with
effect size values in Table VII in Appendix C in the
Supplemental Material [20].

In Fig. 2(a), we see that there is some variation in the
shift between pretest and post-test item scores between
2020 and 2019, however, the effect size calculated from
the Mann-Whitney U test comparing the distributions of
the shifts (post-test score minus pretest score) for each
of the differences between years for each item is negligible
(r £0.05 and the most significant p value, p = 3 x 1073,
is not small enough to reject the null hypothesis; see
Table VII). We have included the shift from pretest to post-
test question scores in Fig. 2(a) for Spring 2018 data to help
illustrate what pre-pandemic year-to-year variation may
lead to in E-CLASS scores. It then becomes clear that
changes in scores between 2019 and 2020 are no greater

than the variation expected between years before the
pandemic and hence validating the interpretation of the
effect size measures being negligible.

B. Fall 2020

In Fall 2020, most institutions had decided on their
modality for instruction based on local circumstances. The
possible different modalities, which we surveyed for, were
entirely in person, entirely remote, hybrid of in-person and
remote, and a mixed modality that changed during the
semester. Of the 20 courses in our sample for Fall 2020, we
found, based on student reporting, that 90% of these
courses were entirely remote (see Appendix A [20] for
details of the calculation).

It is clear that many instructors deliberately tried to
address some of the challenges of teaching a remote lab
while maintaining aspects of the in-person experience
they valued, especially those relating to group work and
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providing students with hands-on activities [8]. For in-
stance, in 65% of the courses in Fall 2020, students
reported that they often or always worked in groups, and
in 60% of the courses, students reported they often or
always completed hands-on activities. For all students
reporting completing hands-on activities (including those
who only rarely, or sometimes did hands-on activities), we
asked follow-up questions to ascertain the nature of
these activities (see Appendix A [20] for these questions):
in 50% of courses, students reported using household
materials (such as cardboard and tape); in 35%, students
used smartphones to record data; in 25%, students reported
having to purchase equipment; and in 20%, students
reported equipment was given to them by their institution.

Other activities students reported participating in during
Fall 2020 were written activities, such as lab reports or
proposals (students in 80% of courses reported often or
always doing this activity), using lab notebooks (40% of
courses), using simulations (35% of courses), and watching
videos (25% of courses). In 85% of courses, students
reported using simulations to perform measurements (even
if only rarely or sometimes). In 65% of courses, students
reported collecting data from videos (either from instruc-
tors performing the experiment live or using video analysis
techniques).

1. Comparison of E-CLASS score distributions (RQ1)

Following a similar line of analysis as in Sec. III A 1
we first identify that the shapes of the distributions of
E-CLASS scores in Fall 2020 are similar to Fall 2019
[Fig. 1(b)]. While the first, second, and third quartiles of the
pretest E-CLASS score distributions are not exactly the
same when comparing Fall 2020 with Fall 2019, they differ
by at most 1 point between the years (Table II). The mean
pretest E-CLASS score in Fall 2020 is 0.5 points below the
mean pretest E-CLASS score in Fall 2019. To evaluate the
null hypothesis that the two pre-test distributions (Fall 2020
and Fall 2019) come from the same underlying distribution,
we use the Mann-Whitney U test and find a negligible
effect size (Table III).

The mean post-test score in Fall 2020 is 0.1 points higher
than in Fall 2019, corresponding to a negligible effect size
when comparing the distributions of post-test scores using
the Mann-Whitney U test (Table III). This mean post-test
score is also the only mean score of any semester that is
higher than the mean pretest score, though this positive
shift also has a negligible effect size when comparing the
distributions of shifts using the Mann-Whitney U test.
Inspection of the quartile values in Table II suggests that
this positive shift in the mean, rather than being due to an
increase in all students’ scores, is due to the absence of a
drop (from pretest to post-test) in the first quartile score
which is otherwise seen in all other semesters.

Comparing the effect sizes of the post-test minus pretest
shift in student score between Fall 2020 and Fall 2019, with

those comparing Fall 2019 with Fall 2018, we see that the
sizes of the changes in Fall 2020 are similar in size to when
comparing year-on-year changes pre-pandemic. This again
validates our interpretation of these effect sizes as being
negligible.

In Appendix B [20], we construct a linear model of the
post-test score using the pretest score, the choice of major
(physics or nonphysics), gender, and year (2020 or 2019) as
predictor variables. When accounting for all these factors,
we find that the effect size of the variable representing the
year is negligible. Indeed, and similarly to the spring
results, the only variable with any non-negligible effect
size is the pretest score.

2. Comparison of individual E-CLASS
question scores (RQ2)

Similar to Spring 2020, in Fall 2020 the majority of
individual questions show little difference in mean scores
compared to previous years [Fig. 2(b)]. However, some
questions show a marked increase in the size of the
shift between pre-test and post-test compared to both
Fall 2019 and Fall 2018. We discuss only the two lar-
gest changes, as these two questions show statistically
significant differences (at the 1% Holm-Bonferroni cor-
rected level) and have the largest effect sizes of all items.
For the interested reader, we provide extended data in
Appendix C [20].

The largest difference between the years is for the
statement associated with question 17:

(Q17) When I encounter difficulties in the lab, my first
step is to ask an expert, like the instructor.

At the end of their course in Fall 2020, more students
changed their view to disagreeing with the statement (the
more expertlike response) compared to the start of their
course. The shift shown in Fig. 2(b) for Q17 has the largest
effect size of any comparison between 2020 and 2019
(r =0.08 £0.03, p =2 x 1077). This result seems per-
fectly reasonable, given that 90% of the courses were
entirely remote, and, therefore, students would not have
been in the same room at the same time as the instructor and
could not necessarily simply talk to the instructor when
they needed help. However, whether it truly reflects a shift
toward an expertlike attitude is not clear, as students in a
remote lab may have interpreted the statement prompt
differently compared to students in in-person labs for which
the statement was designed. Specifically, the expertlike
response is to disagree with the statement of Q17, with the
implicit meaning that an expert’s first step would be to try
to troubleshoot or solve the problem themself, before
looking for outside help. For some students, this indeed
might have been the case in the remote environment, not
out of choice but necessity. However, interpreting this result
as such is tenuous, as (i) including “instructor” as an
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example of an expert could prompt students to think more
about how easy it was to communicate with their instructor,
rather than what they did when they encountered difficul-
ties; and, (i1) because of the different context from that
which the survey question was created, we cannot be
certain as to what, if any, other sources or actions the
students took for their first step.

The second largest change in response, in terms of
both the difference in size of the pretest to post-test shift
and effect size (r = 0.06 = 0.03, p =7 x 10‘5), is in the
statement associated with question 16:

(Q16) The primary purpose of doing a physics experi-
ment is to confirm previously known results.

Again, the expertlike view is to disagree with this
statement. In previous years, responses to this question
showed a mean negative shift from pretest to post-test,
while in Fall 2020 there is a small positive shift. Negative
shifts in E-CLASS scores have previously been associated
with “guided” labs [21], which often use confirmatory
experiments. The change in student responses (or rather
lack of a drop in score) seen for Q16 could suggest that
the lab activities during Fall 2020 were more open ended
and less confirmatory than in previous semesters. This is
supported by some anecdotal evidence from Spring
2020 on the type of activities instructors switched to when
transitioning to emergency remote instruction due to
limitations in the equipment available to students in their
homes [8].

As mentioned in Sec. II D, our analysis deliberately does
not distinguish between different courses. However, as
some courses have more students than others, this may bias
the previously discussed results such that it is not possible
to claim that this effect was seen generally across the
courses in our sample. By considering the distribution of
the mean scores for each course on Q16 and Q17, we see
that it is indeed the case that the positive shift from pretest
to post-test occurred in the majority of courses (Fig. 3). For
Q16, this was the case in over 50% of the courses, while in
Q17 over 75% of the courses saw a positive shift.

To close the presentation of results, we make a brief
comment on how we can see a change in individual
question scores and not in the total E-CLASS score.
Inspection of Fig. 2(b) shows that while some questions,
as we have discussed, show positive shifts, a number of
others show small (i.e., not significant r < 0.05, p > 0.01)
negative shifts (in comparison to previous years), which
account for the overall balance in the total score. It is
interesting to note that those questions with small negative
shifts are related to actually performing experiments, for
example, the statement of question 9 is

(Q9) When I approach a new piece of lab equipment, 1
feel confident I can learn how to use it well enough for
my purposes.

Q17 When | encounter difficulties in
the lab, my first step is to ask an
expert, like the instructor.

1.0 1 Q16 The primary purpose of doing a
physics experiment is to confirm
0.8 4 previously known results
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FIG. 3. Box and whisker plots illustrating the distribution of

student post-test minus pretest scores on questions 16 and 17 (left
and right boxes respectively) in Fall 2019 (left) and Fall 2020
(right). These items are those from Fig. 2(b) that show the largest
effect size in 2020 compared to 2019. The center, horizontal line
of each box corresponds to the median student difference in
scores, while the lower and upper edges of the box correspond to
the first and third quartiles, respectively. The whisker length is the
furthest data point within 1.5 times the interquartile range from
the edge of the box. Data points outside this range are indicated
with open black circles. Overlaid on each box and whisker plot is
plotted, as colored circles, the mean score for each course, with
error bars indicating the standard error of the mean.

A negative shift here seems plausible if students do not
have access to what they think counts as “lab equipment.”
Conversely, some questions with small (not significant)
positive shifts seem more related to student affect, for
example, the statement from question 2:

(Q2) If I wanted to, I think I could be good at doing
research.

This could be a consequence of students having to
perform experiments in a more independent environment
than in previous years. As the effect size of these shifts
compared to previous years is negligible, and may be
course dependent, investigation of them falls outside of the
scope of the present work. We will use our results to answer
the research questions, discuss the implications of our
results, and compile the outstanding questions raised by
them in the following section.

IV. DISCUSSION AND CONCLUSIONS

The results of Sec. III A1 and Sec. III B 1 allow us to
answer the first research question. For the sample of
courses that have been included in our study, there was
no significant difference between the distributions of total
E-CLASS scores in both Spring and Fall semesters in 2020
compared to the same semesters in 2019, indicating that, in
general, students neither became more nor less expertlike in
their views about experimental physics in their lab classes
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in 2020 compared to previous years. Hence, we can provide
no evidence, at the level of the total E-CLASS score, to
support our hypothesis that student views about experi-
mental physics would become less expertlike during
emergency remote instruction. While the nature of our
analysis prevents us from making causal inferences, in the
first part of this section we enumerate possible explanations
for the observed, and what may be considered surprising,
consistency of total E-CLASS scores in 2020.

First, while the answer to RQ1 is the same for both spring
and fall semesters, we emphasize that the context of these two
semesters was very different. In Spring 2020, courses
suddenly transitioned to remote instruction, with over
50% of the course having already been completed in person,
while in Fall 2020, not only were most courses in our sample
entirely remote, instructors had more time to prepare their
courses (compared to a few days or, at most, weeks in spring).
Therefore, it may be argued that the impact of the curtailment
of in-person, hands-on lab and group work on student
attitudinal development in spring was limited by the fact
that students still experienced the majority of their course as
planned. In contrast, in fall, the necessary imposition of
remote instruction led to instructors having to think crea-
tively about how they may achieve the learning goals of their
courses in this new environment. Therefore, students would
not have experienced a “normal” physics lab and it would be
reasonable to assume that this would have affected the
development of their views toward experimental physics.
The fact that this has not been the case simply highlights the
extraordinary efforts of instructors in our sample in adapting
old and preparing new course material for the fall semester.
Though, we note this explanation does relate to one of the
aforementioned limitations of our study (Sec. II D) in that the
instructors participating in our research have demonstrated a
sustained interest and engagement with the physics educa-
tion community, meaning it may not be possible to generalize
these results.

Another possible explanation is that students hold robust
views that are developed over a lifetime of experiences,
and, therefore, the impact of one course in one semester on
those views is likely to be small (see, for example, the effect
size when comparing pretest and post-test distributions in
Table III). However, by design, the E-CLASS asks stu-
dents: “What do YOU think when doing experiments for
class?” This deliberately asks students to think about their
present class and not experimental physics in general,
therefore favoring our primary explanation of these results
described in the preceding paragraph.

A third explanation involves the possibility that what we
have observed is a selection effect. In both semesters in
2020, there were numerous pandemic related pressures that
might cause students to drop out of their course (or not
enroll in the first place for the fall semester). These students
are excluded from the analysis of the E-CLASS and so
we are unable to measure the development of their views.
However, there are a number of reasons that this

explanation may be discounted. First, lack of participation
is not just an issue for the data from students in 2020, but
also in previous years. Second, student numbers responding
to the survey (before matching of pretest and post-test
responses) in both Spring and Fall 2020 are similar to 2019,
with similar drop-out rates (see Sec. IID). Third, the
composition of the cohorts in terms of majors and degree
year in each semester are comparable (see Table I),
suggesting that there were no large shifts in the populations
of students taking the courses in our sample in 2020
compared to 2019. Nevertheless, we also believe it to be
important that we remind the reader of the underrepresen-
tation of minority groups within our sample. In the balance
of evidence, it seems the most likely reasons for the
sustained development of student views toward experimen-
tal physics labs during 2020 is a result of the ingenuity of
the lab instructors who successfully adapted their courses
as well as the facility of the students who responded to the
E-CLASS to continue their studies despite the circum-
stances (recognizing that this was not possible for all
students).

The results in Sec. III A2 and Sec. III B 2 allow us to
answer the second research question. In spring, we found
that no question on the E-CLASS survey showed a
significant difference from the previous two years. Thus,
we can say that no specific views about experimental
physics changed in the spring semester of 2020 more or less
than in Spring 2019, again providing no evidence to
support our hypothesis. This reinforces our explanation
of the spring results for the first research question, as this
explanation was founded on the idea that students gained
enough experience in the first half of the semester that
meant their views about experimental physics related to the
course had already been established.

In fall, we found that expectations around where to find
help and support during a lab course changed, with students
relying less on their instructor; a possibly unsurprising
consequence of remote instruction and, therefore, to some
extent, outside of the instructors control. Whether students
actually held a more expertlike view, such as attempting to
solve a problem themselves first before turning to an expert,
or were simply responding to the prompt with the view that
they could not contact their instructor remains an open
question.

We also found some slight evidence that students’ views
on the purpose of experimental physics became more
expertlike, contradicting our hypothesis in this one respect.
This attitudinal change further supports our explanation
for the answer to the first research question, as this sug-
gests that instructors managed to design effective activities
that provided students opportunities to understand that the
role of experimental physics is not just to confirm pre-
viously known results. This issue has been highlighted in
the research literature for a number of years [45] and as
higher-education institutions were forced in 2020 to allow
changes to course content and delivery, perhaps instructors
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took the opportunity to enact such changes. Whether these
changes will remain in place once in-person labs resume
remains to be seen.

Returning to the situated theory on which our hypothesis
was based, we cannot argue that simply being in a teaching
lab is necessary for the development of students’ views about
experimental physics [46]. Rather, our results suggest that the
type of activities students undertake within a “lab class,”
whatever form that may be, are what provide the context for
students’ own reflections to take place. Specifically, and
importantly, these results cannot be used to imply that
activities that include group work and hands-on data collec-
tion are not required for the development of student views
about experimental physics, as, in a majority of the courses
sampled from Fall 2020, students reported often or always
having activities with either of these two aspects.

We finish by outlining the questions that have arisen
during this study. One important question is what instruc-
tional changes were most successful in terms of impact on E-
CLASS score? Or, put another way: why the remote labs did
not alter student views of experimental physics compared to
in-person classes? This is of particular interest, as when labs
return to in-person instruction there might be aspects of
teaching that would be useful to retain. For example, from our
results as discussed above, we may ask what specific
activities did instructors employ that led to students’ views
on the purpose of experimental physics to change?

Another question is how did student experiences of
emergency remote instruction influence their views as seen
in their E-CLASS score? For example, did students who
faced challenges with group work show lower scores in the
E-CLASS, and in which specific items? To answer these
questions we plan to conduct further quantitative and quali-
tative analysis on the student experience of physics labs
during the pandemic, to explore these topics in more depth.

The final question that we wish to raise is what was the
impact on student views in beyond-first-year courses? This
is interesting because students in these courses are gen-
erally physics majors and have higher pretest scores on the
E-CLASS than the first-year courses presented in this work.
Furthermore, these courses often rely on more specialized
experimental apparatus that may not as easily be provided
to students remotely. Therefore, the experiences of these
students during 2020 in terms of their lab classes might be
notably different from the courses we have discussed. This

is an important limitation of remote instruction to recog-
nize, as labs provide an opportunity for students (in both
first-year and beyond-first-year courses) to learn how to use
scientific equipment they may have never seen before and
to do so in a safe environment.

In conclusion, we have seen that, in our sample, student
expectations and epistemologies about experimental physics
(their views) were not significantly impacted by the transition
to emergency remote instruction in Spring 2020 nor by the
continuation of remote instruction into the Fall of 2020.
Therefore, we did not find evidence to support our hypothesis
that student views toward experimental physics would
deteriorate, over the period of one semester, as a result of
emergency remote instruction. This conclusion has major
caveats, which have been detailed in Sec. II D, including the
issue of representation, both with respect to marginalized
groups within physics, and those to whom the COVID-19
pandemic had the greatest impact. Therefore, we do not
attempt to claim that the results can be generalized. Given the
upheavals to education that took place in 2020, and with no
intention to minimize the potential suffering of students and
instructors, we believe that maintaining the same outcomes
as in a year without a pandemic (2019), along this one
dimension of student views, can be considered a relative
success for both instructors and students in our dataset.
Furthermore, small improvements seen in Fall 2020 in the
score for individual E-CLASS questions regarding access to
experts and the purpose of experimental physics suggest that
further qualitative research is needed to understand these
changes. Especially, further investigation is required into the
necessary negative shifts in other E-CLASS questions (being
individually not significant) that compensate for these
observed positive shifts to produce no overall change in
the total E-CLASS score.
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