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A common goal of undergraduate physics laboratory classes is for students to gain experience in the ways of
thinking like an experimental physicist when designing experiments, taking measurements, performing analysis,
and communicating results. Whether or not students actually develop more expert-like ways of thinking by the
end of their degree remains an outstanding question. In this work, we describe a longitudinal study to answer that
question using the Colorado Learning Attitudes about Science Survey for Experimental Physics (E-CLASS). As
a preliminary exercise, we make explicit our expectations for the results of the longitudinal study, so that in the
future we may critically analyse the results while being conscious of our own biases.
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I. INTRODUCTION
Goals for undergraduate teaching laboratories often in-

clude epistemological development, such that students learn
how to think like an experimental physicist [1, 2]. Indeed, in
the United Kingdom, such experimental skills form an impor-
tant part of the degree accreditation process [3]. We will refer
to the combination of student expectations and epistemolo-
gies about experimental physics as their ‘views’. While there
is a growing body of work that has looked at the development
of student views over one course, the slow nature of epistemo-
logical change motivates taking a longer-term view [4], which
has yet to be explored outside of the US context [5, 6]. There
is also growing evidence of a difference between students’
views of experimental physics in Europe and the US [7]. In
this paper, we introduce an on-going longitudinal study which
is aimed at addressing the broad research question: how do
student views on experimental physics change during their
undergraduate degree in the UK?

The method we have chosen to answer this question is to
use the Colorado Learning Attitudes about Science Survey
for Experimental Physics (E-CLASS) [8], which has been
designed to measure student views on experimental physics.
This survey has been administered for the first time at our
institution (see Section II) in the academic year 2021-2022,
covering all three years of lab courses. Therefore, we can-
not answer our principal research question yet. Instead, fol-
lowing recommendations on research best practices [9, 10],
we focus on making explicit our current expectations for the
outcome of the survey. This is so we can be conscious of
those expectations when constructing hypotheses to test and
analysing the final data. Hence, our immediate research ques-
tion is: what are our expectations about how the E-CLASS re-
sults will change across the three years of undergraduate lab
courses?

To make our expectations explicit we describe in Section II
the context of the lab courses in which we are measuring
student views; in Section III we ground the expectations in
findings from literature on epistemological development; and
in Section IV we position these expectations with respect to
prior results from the E-CLASS. This leads to the identifica-
tion, in Section IV A, of specific E-CLASS items that relate
to an overarching goal of the undergraduate lab courses. Pre-
empting the following section, we discuss the current limita-
tions of the study in Section V. In Section VI, we then use the
data collected from the initial year of the study to update the
expectations we identified in the previous sections. Specifi-
cally, in Section VI A we analyse the data for selection effects
and in Section VI B we identify where further contextual in-
formation about the labs is needed. We summarise the results
of this work in Section VII.

II. CONTEXT
The longitudinal research study is taking place in the De-

partment of Physics at Imperial College London, located in
the UK. The university is a large, public, research-intensive
university focusing on Science, Technology, Engineering,
and Medicine (STEM) subjects. Approximately 50% of stu-

dents are international. In the UK system, a university de-
gree typically specialises in one subject area (e.g., Physics)
from the start of the degree. Students take the vast majority
of courses within their department and do so in a linear se-
quence. In this university, the department offers three-year
bachelor and four-year combined master’s undergraduate de-
grees, as well as awarding Ph.D. degrees. Over 250 students
graduate with a physics undergraduate degree each year.

As part of the physics degree, students have compulsory
lab courses in each of the first two years. In the third year,
students not taking the Theoretical Physics variant of the de-
gree, also have a one-term lab class. In addition to these
classes, there is an optional Advanced Electronics course in
the first year, as well as a variety of project-based courses
that are taken in the first and third years. All three years of
lab courses are separate from the lecture courses though may
rely on content from the lectures. In all labs, students work in
pairs to complete each activity.

One overarching goal of the undergraduate lab course is
for students to develop the skills needed to be independent
experimental physicists. The structure of the lab courses has
been designed to facilitate this independence through reduc-
ing the level of scaffolding provided to the students as they
progress through their degree and increasing the open-ended
nature of the experimental activities that are provided. There-
fore, we expect E-CLASS items that measure this indepen-
dence would show an increase in expert-like agreement over
the period of the undergraduate course. We now describe, for
each lab course year, the lab activities and how the labs are
assessed.

The first-year laboratory (Year 1) course introduces stu-
dents in the first three weeks to the undergraduate lab environ-
ment through scaffolded activities to learn how to use com-
mon measurement devices (oscilloscopes, digital multime-
ters, etc.) through traditional experiments measuring physi-
cal quantities. In these first weeks, students also complete a
computing course introducing Python as a tool for analysing
experimental data. The lab activities then expand so that stu-
dents gain experience of techniques foundational to differ-
ent areas of experimental physics (e.g., optics and electron-
ics). Students spend one three-hour session per week in the
lab, with a second two-hour, online analysis session the fol-
lowing day. Each weekly pair of sessions covers one exper-
iment, with a total of eleven experiments completed in the
year. Summative assessment is through submission of a digi-
tal lab book for each experiment and two lab reports.

The second-year laboratory (Year 2) course is split into
four parts over two terms. In the first part, students develop
their programming skills in a computational lab, ultimately
writing a simulation of a physical system. In the remaining
three parts, students cycle through three experiments cover-
ing: interferometry, radioactivity, and waves & wave propa-
gation. These experiments last for approximately four weeks
(with two mornings per week allocated in the lab) and be-
gin with students gaining familiarity with the equipment so
that in later weeks they can plan and perform their own in-
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TABLE I. Gender percentages taken from responses to the post sur-
vey for each curriculum year. Denominators (N ) for these percent-
ages can be found in Table IV. The Woman and/or gender non-
binary category contains those respondents who chose the option
“Woman” or “Other gender”, those choosing the latter were then in-
vited to write in their gender. Students who selected “Prefer not to
say” are grouped with those who did not provide a response.

Year 1/% Year 2/% Year 3/%

Woman and/or gender non-binary 32.6 28.2 38.9
Man 50.0 64.1 50.0
No response 17.4 7.7 11.1

TABLE II. Enrolled degrees of students responding to the post sur-
vey in each curriculum year. Denominators (N ) for these percent-
ages can be found in Table IV. Due to there being less than five
respondents in each category the MSci Physics includes the “with a
Year Abroad” option. For the same reason we amalgamate the Year
3 data. The BSc and MSci Theory include students enrolled in the
Physics with Theoretical Physics degree.

Year 1/% Year 2/% Year 3/%

BSc Physics 21.7 17.9 94.4MSci Physics 56.5 48.7
BSc and MSci Theory 15.2 28.2 0.0
No response 6.5 5.1 5.6

vestigations. The experimental components of the lab course
are assessed through student lab notebooks and general pro-
fessional skills in the lab context, as well as through either
a short technical report, a publication-style report, or an oral
presentation (one for each experiment).

The third-year laboratory (Year 3) course can be taken by
students in either the first or second term of the academic year.
Students choose three experiments from a set of thirteen and
spend approximately three weeks on each one [11]. Students
have access to the laboratory during normal working hours,
with demonstrators (instructors) timetabled to be present for
three mornings per week (8 hours in total per week). Students
are assessed for the first experiment through an oral presen-
tation, completed in pairs online; for the second experiment
as a two-page conference paper; and for the third experiment
as a six-page report. The lab scripts provide information on
experiments students can complete with the apparatus, with
very little guidance on the experimental and analysis meth-
ods needed giving students a free choice in the approaches
they take.

We present demographic data collected from student re-
sponses to provide the context of the study. In the post sur-
vey, we asked students for their gender (Table I) and currently
enrolled degree (Table II). The percentage of women and/or
gender non-binary students responding was slightly higher
than the percentage of women and/or gender non-binary stu-
dents enrolled in the physics degree (about 25%). The per-
centage of students who responded that are enrolled in the
Theoretical Physics degree (theory students) was less than
the same percentage from the total physics student popula-
tion (about 40%). In Year 3, theory students do not complete
the lab course and were not invited to complete the survey.

III. EPISTEMOLOGICAL DEVELOPMENT
As mentioned in the Introduction, previous work has

shown that epistemological changes in undergraduate degrees
tend to be small. Specifically, King and Kitchener [4] found
that on a seven-point scale, undergraduate students showed
an average increase of less than half a point from the begin-
ning to the end of their degree course. Therefore, we expect
changes of similar magnitude in the present study, however
we note that both the measurement instrument and the educa-
tional context (being the US in Ref. [4]) are different.

In Hofer’s review of epistemological development [12],
they highlight three models for how personal epistemology
relates to learning. The first is that epistemology is devel-
opmental, such that one’s epistemology transitions through a
recognised series of stages as one grows older [13]. The sec-
ond is that epistemology is a set of (potentially fixed) beliefs
which influence the modes and nature in which one engages
with learning [14]. The third is more nuanced in that a person
does not hold a single epistemology but that epistemological
resources are activated in context [15]. This context depen-
dence of the third model resonates with our own experiences
of students in labs and, therefore, we identify most with that
model. Therefore, we expect to interpret the results of the lon-
gitudinal study as indicating which epistemic resources were,
or were not, activated by both the lab course and for each in-
dividual E-CLASS item statement. Consequently, we do not
expect the same items to show the same changes in each cur-
riculum year and we similarly do not expect the post survey
of one year to agree with the pre survey of the following year
for the same student. This differs from the first model in that
we recognise that a student may be able to activate only a fi-
nite number of epistemological resources at any time and that
some may become more dominant in one course compared to
another.

IV. THE E-CLASS
The E-CLASS has 30 items consisting of statements with

which students are asked, in the context of a lab course,
whether or not they agree with on a five-point Likert scale
from Strongly disagree to Strongly agree. Student scores are
generate by comparing the student response to each item, on
a reduced three-point scale, with the expert response [8]. A
score of +1 is given if the student agrees with the expert re-
sponse, -1 if they disagree, and 0 if the student selects the
“neither agree nor disagree” option. A total score for the
E-CLASS is then computed by summing the score for each
item, which then gives a value in the range -30 to 30. The E-
CLASS is administered as a pre/post survey, so that changes
arising during the period of the course can be isolated.

A full review of previous results from the E-CLASS can
be found in Ref. [16]. Here we focus on the results rel-
evant to our principal research question. E-CLASS scores
tend to decrease during traditional (cookbook) lab courses
and show small positive gains in open-ended lab courses [17].
Therefore, given the increasing open-ended nature of the lab
courses from Year 1 to Year 3 (Section II), we expect to also
see similar increases.
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A previous longitudinal study, which was completed at the
University of Colorado Boulder in the United States, saw an
increase in mean E-CLASS scores for three classes in each
successive year of the physics major [5]. However, when
students were tracked over all three courses, those students
showed no significant changes in their mean E-CLASS score
both within and between courses. Interestingly, this supports
the second epistemological development model described by
Hofer [12], which is in contrast to our own expectations dis-
cussed in Sections II and III. This, therefore, moderates our
previously stated expectations, yet further motivates the full
investigation to understand whether the previous result [5] is
reproducible in a different context.

A separate study, covering 131 courses, found major dif-
ferences in E-CLASS score also occur due to student pop-
ulation differences in first-year/introductory courses com-
pared to beyond-first-year courses in the US that arose due
to the presence of non-physics majors taking the introductory
course [18]. Therefore, we must consider how such effects
may influence our present study. One potential selection ef-
fect is from the theory students not taking labs in their third
year. We expect these theory students to have lower mean E-
CLASS scores than non-theory students, due to the fact that
the scoring system has been calibrated against the views of
experimental physicists. Specifically, the items that relate to
student affect, such as item 20: “I enjoy building things and
working with my hands” to have a higher disagreement for
theory students simply because of their pre-declared disposi-
tion toward theory.

A. Relevant E-CLASS items
As described in Section II, one goal for the three years of

the lab course is for students to develop the skills needed to be
independent experimental physicists. We now identify spe-
cific E-CLASS items, in a process recommend by Wilcox and
Lewandowski [19] when analysing E-CLASS data, which
capture the key feature of this goal which is to be “indepen-
dent”. Therefore, we select items that reveal

• the self-efficacy of the student;
• how the student relates to sources of authority.

We have chosen these two aspects because the self-efficacy
of the student is important in determining their reaction when
faced with new tasks and subsequent susceptibility to influ-
ence by others [20], while the relation to sources of authority
relates to how a student views sources of knowledge and their
own imperative in creating new knowledge [21]. We do not
choose items that relate to the development of specific lab
skills (such as troubleshooting or calculating uncertainties)
or communication skills. The 11 items we have identified
are presented in Table III. The two items relating to enjoy-
ment (7 and 20) have been included as ‘self-efficacy’ items
because if a student reports that they enjoy an activity, we as-
sume that they will have more self-efficacy in attempting that
activity [22].

Our expectations are that for each of these items students
would give more expert-like responses after three years of in-
struction and, as they are aligned with the goals of the course,

FIG. 1. Item 16: pre and post-survey percentage of students who
agreed with the expert-like response for each of the three year
groups. Results are from one year of data collection and are not
matched between pre and post (see Section V). Error bars indicate
the 95% binomial confidence interval.

that they are more likely to show changes compared to other
items [23]. This part of the analysis can only be used for
internal comparisons, while when comparing to external ref-
erence marks we will use the full E-CLASS score to ensure
validity is maintained.

V. LIMITATIONS
Before we look at the data from the first year of ad-

ministration, we must highlight the extensive limitations of
the following analysis. Firstly, these data are only pseudo-
longitudinal with different students in each year group. Sec-
ondly, the response rates for each survey administration var-
ied between 11% to 30% (Table IV), which indicates a bias
from undersampling the student population and is related to
our discussion of selection effects. We did not provide any
incentives (such as course credit) for students to complete the
survey.

The data below has not been matched from the pre to post
survey. We were required by our Ethics Board to adminis-
ter the survey such that student responses were anonymous.
Therefore, we implemented a local, online version of the sur-
vey using the Blackboard course management system. We
used a set of linking questions to connect the pre/post admin-
istrations. The combination of low response rates and unre-
liable linking questions meant that the number of matched
responses from all year groups was 38 (of 94 post survey
responses). Similar issues have been found in a German
E-CLASS study [7], with suggestions for increasing the re-
sponse rate that we plan to implement in subsequent years.
Consequently, we choose to present all the data we currently
have to better understand the range of possible responses the
lab courses elicit from students, while remaining cognisant of
the fact that pre and post student samples may differ.

VI. UPDATING PRIOR EXPECTATIONS
A. Selection effects

In Section IV, we identified that it is important to ask the
question of whether changes in E-CLASS scores were due to
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TABLE III. E-CLASS items that meet the selection criteria given in Section IV A. The column ‘Self-efficacy’ labels items selected because
student responses reveal the self-efficacy of the student, while the column ‘Authority’ labels items selected because student responses reveal
how the student relates to sources of authority. The expert response is given in parenthesis after each item statement. A full list of E-CLASS
items can be found in [8]. *The word instructor has been replaced with demonstrator for the British English context.

Item Self-efficacy Authority Item statement

2 " If I wanted to, I think I could be good at doing research. (Agree)
6 " Scientific journal articles are helpful for answering my own questions and designing experiments. (Agree)
7 " I don’t enjoy doing physics experiments. (Disagree)
9 " When I approach a new piece of lab equipment, I feel confident I can learn how to use it well enough for my

purposes. (Agree)
13 " If I try hard enough I can succeed at doing physics experiments. (Agree)
14 " When doing an experiment I usually think up my own questions to investigate. (Agree)
16 " The primary purpose of doing a physics experiment is to confirm previously known results. (Disagree)
17 " When I encounter difficulties in the lab, my first step is to ask an expert, like the demonstrator*. (Disagree)
20 " I enjoy building things and working with my hands. (Agree)
27 " When doing an experiment, I just follow the instructions without thinking about their purpose. (Disagree)
29 " If I don’t have clear directions for analysing data, I am not sure how to choose an appropriate analysis method.

(Disagree)

TABLE IV. Mean and standard error on the mean for pre and post
E-CLASS scores for each year, including results from only the non-
theory students in the post survey. N is the number of responses and
Enrolled is the number of students taking the course.

Year Pre N Post N Post non-theory N Enrolled

1 16.0 ± 0.7 81 15.9 ± 1.1 42 17.0 ± 1.1 35 273
2 12.1 ± 1.3 47 15.0 ± 1.5 36 15.1 ± 1.8 25 259
3 17.9 ± 1.1 29 18.8 ± 1.5 16 — — 140

selection effects rather than student views actually changing.
There are two methods that can be used to isolate this effect,
the first being to track individual students over the three years
of the undergraduate course. The second is to identify and
analyse separately the groups of students which may lead to
these selection effects. While the first approach is not possi-
ble at this time, we can consider the second approach.

In the preliminary data (Table IV), the mean E-CLASS
score increases from the first year to the third year, as ex-
pected - though these changes are not statistically signifi-
cant (Mann-Whitney U test comparing Year 1 and Year 3:
pre p = 0.23, Cliff’s d = 0.15 ± 0.24; post p = 0.17,
d = 0.23± 0.32 with 95% confidence interval [24, 25]). We
note the overall lower scores in the second year and conjec-
ture this is a result of pandemic disruption. We have some
indication that selection effects will be important to consider,
as first-year non-theory students have a marginally (not sig-
nificant) higher mean score on the post survey compared to
the whole class mean. This selection effect is also exacer-
bated by the biased sampling of the student population that
favours non-theory students in Year 1 and 2 (Table II).

B. Identifying where further context is needed
We now highlight how having made our expectations ex-

plicit at this stage provides the basis for future critical analy-
ses in that it allows us to challenge our own assumptions. We
have identified one item – item 16 (Figure 1) – that appears
to show a different behaviour to our expectations from Sec-
tion IV A. We now use this to guide further inquiry: specif-

ically the low percentage of students in the Year 3 post sur-
vey who disagreed with the statement that “the primary pur-
pose of doing a physics experiment is to confirm previously
known results” compared to both the pre survey and all re-
sponses from other years. This suggests a detailed analysis
of the lab scripts to identify differences between the years in
the extent to which the activities are presented as confirma-
tory exercises. At this stage, due to the limitations outlined in
Section V, we deliberately do not draw any stronger conclu-
sions from this data.

VII. CONCLUSIONS
By adopting the principle of transparency in our expecta-

tions, we hope that this will provide valuable context to read-
ers of later work (including ourselves). Our expectations are
summarised as:

1. the deliberate increase in open-ended labs will lead to
increased mean E-CLASS scores;

2. the increase will be greatest in those items identified to
be associated with being an independent experimental
physicist (Table III);

3. the effect size of changes in E-CLASS score will be
small;

4. individual item scores may not change monotonically
with time;

5. theory students will have a lower mean E-CLASS score
than non-theory students.

We also expect to develop new expectations as the study pro-
gresses. We plan to use these expectations to shape predictive
hypotheses which we can then test, the results then guiding
qualitative work to ask why those expectations did or did not
hold.
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