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Abstract. Physics laboratory courses (PLC) have been recently the topic of several research
studies examining their effectiveness at reaching their goals. As a result, a discussion about the
effectiveness of traditional PLC for students’ content knowledge, skills, and “expert-thinking”
acquisition has developed. Critical for the investigation of students learning in those settings has
been the development of research-based assessments tools. An example of those is the Colorado
Learning Attitudes about Science Survey for Experimental Physics (E-CLASS). Recently, we
translated the E-CLASS into German and set up a centralized survey administration system for
instructors, allowing data acquisition and automated data analysis. Previously, we described
this process and presented the preliminary results of the study of the introductory PLC at
the University of Potsdam (UP). Here, we present an extended study that allows us to make
stronger conclusions about students’ views about experimental physics at the UP. Overall, we
find that students at US institutions have a higher level of “expert-like” views than students at
the UP.

1. Introduction

Physics laboratory courses (PLC) are an essential part of the physics curriculum. They offer
students a unique opportunity to engage with the processes of experimental physics and acquire
several important skills for their future careers. They also have the potential to enhance students’
identity as physicists at an early stage and align students’ views with those of expert experimental
physicists.

Recent research studies, however, have demonstrated the shortcomings of so called “concept-
focused” and “cook-book” laboratory courses, which aim to improve conceptual knowledge
through prescriptive lab activities, for the acquisition of experimental skills and for development
of students’ expert-like views on the nature of experimental physics [1, 2, 3].

Several efforts have been done in recent years to improve students learning in PLC and several
PLC around the world have been reconstructed using research-based approaches [4, 5, 6, 7, 8].
Crucial for these efforts was the development of research-based assessment tools [9, 10, 11]. Those
tools allow instructors to easily assess their courses along different dimensions and critically
and carefully guide course transformations based on the assessment results. An example of
these research-based assessment tools is the Colorado Learning Attitudes about Science Survey
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for Experimental Physics (E-CLASS). It is widely used in physics laboratory classes to assess
students’ views and attitudes about experimental physics [10, 3].

In a previous publication, we presented how we translated the E-CLASS into German and
how we validated the translation [12]. We also described how we set-up a centralized system
for instructors for data acquisition and automated analysis. This system was developed in
accordance with the European data privacy standards. We called this German translation of
E-CLASS the GE-CLASS, where the 'G’ stays for German. In our former publication, we
also presented the first example use of the GE-CLASS to study the introductory laboratory
courses at the University of Potsdam (UP). The results of this study are very important as
they represent the first study of a German laboratory course using the GE-CLASS [12]. The
number of students represented in the dataset was, however, limited. In order to overcome this
limitation, we continued to collect data with the GE-CLASS at UP. In this publication, we
present the analysis of this larger data set. This allows us to make stronger conclusions about
the assessment of the introductory PLC at UP using the GE-CLASS and about the comparison
between the E-CLASS results from US institutions and the results obtained at the UP.

In the following, we will first briefly introduce the E-CLASS survey, then present the details
about the data sets and describe the methods for the data analysis. After that, we will present
and discuss the results of the data analysis including a comparison between the GE-CLASS
results and the one obtained at US institutions.

2. The E-CLASS

The E-CLASS is composed of 30 items each related to a different aspects of experimental
physics[10]. The variety of dimensions of experimental physics addressed by the 30 items makes
this survey widely applicable even for courses with different learning goals. Instructors can, in
fact, focus on different subsets of items that are directly related to their learning goals. Each
item of the survey has a core statement regarding a different aspect of experimental physics. A
list of all statements can be found in the appendix. For each core statement, students first rate
on a five-point Likert scale (from strongly disagree to strongly agree) their personal agreement
to the core statement. Secondly, they rate what they think a practicing experimental physicists
would answer using the same Likert scale. We refer to the first kind of questions as “YOU-
questions” and to the second kind as “EXPERT-questions”. Students’ answers for both the
YOU- and EXPERT- questions are then compared to the answers given by a group of 23
practicing experimental physicists. We call the answers given by those group of experts as
the expert reference (ER). By comparing students’ answers before and after the laboratory
course with the answers given by the ER, it is possible to evaluate the impact of instruction
upon students’ views.

3. Data collection and Analysis Methods
The GE-CLASS data set presented here was collected from 2019 to the end of 2022. In this
time we obtained 300 valid responses.

To match student responses from pre- to post-instruction for the GE-CLASS, each student is
given a course ID code and then they create a self-generated anonymous code. We described the
creation of this code in details in reference [12]. A survey response is considered valid only if the
course ID code and the self-generated anonymous code match for the pre- and post- survey. We
also used a control question (asking students to answer with a particular given answer) to make
sure students were reading the questions before answering. An incorrect answer for the control
question would cause that survey response to be invalid, and, thus, not used in the analysis.

Among the 300 valid responses obtained, 191 responses are from courses for the first year (FY)
and 109 are from courses beyond the first year (BFY) (see Table I). The introductory laboratory
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instruction for physics major students at the UP takes place during the first four semesters of
the curriculum, and for each of those semesters, the laboratory course is mandatory.

In 2016, we started to transform our introductory courses from “concept-focused” to “skill-
focused”. During this transformation, we defined a set of skills important for experimentation
(e.g., modeling, design, and communication) and created activities designed for students to
practice a particular set of skills. As a result of such transformation, each semester’s laboratory
course has specific learning goals (built upon each other) and settings. We also had set as broader
goal for our course transformation to align students’ personal views of experimental physics to
that of experts. The details about the course types, their goals and settings are described in
detail in reference [12]. The data used for this study were collected from 26 different instances
of those PLC conducted between the first and the fourth semesters at the UP.

Table 1. Details about the data used in this study. The GE-CLASS data were collected entirely
at the UP. All students were physics major students. The E-CLASS data are a subset of the
larger data set. We use data from only physics majors. We randomly sample a portion of the
E-CLASS data such that we have the same ratio of first year (FY) and beyond first year (BFY)
students as in the GE-CLASS data.

GE-CLASS E-CLASS

Institution 1 90
FY courses 14 306
BFY courses 12 282
Matched students responses FY 191 1073
Matched students responses BFY 109 611
Total students responses 300 1684

For the comparison between the GE-CLASS and E-CLASS results, we have selected a subset
of data from the entire E-CLASS data set. Note here that the entire data set has been recently
made publicly available in an anonymous form [13]. From the larger E-CLASS data set, we
considered only physics major students and we randomly sample a portion of the E-CLASS
data such that we have the same ratio of FY and BFY students as in the GE-CLASS data.
Note that about 95% of the E-CLASS data set was collected at U.S. institutions. Therefore
results from the E-CLASS data set can be considered representative of what is happening in US
institutions. The details of the resulting data sets for the E-CLASS and GE-CLASS are shown
in Table I.

For the data analysis, we compared students’ responses to the survey to the responses given
by the ER. For this, we first reduced the five-point Likert scale to a three-point Likert scale,
by collapsing “strongly (dis)agree” and “(dis)agree” into a single category. We then assigned a
numerical score of +1 for agreement with the ER, 0 for neutral, and —1 for disagreement with
the ER.

4. Results

Using the above described analysis method, we looked at students’ responses to the YOU-
questions item-by-item before and after instruction. In figure 1, we show the agreement with
the answers of the ER for the E-CLASS data (above) and for the GE-CLASS data (below).
The results for the pre/post instruction are represented for the E-CLASS using gray squares
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Figure 1. Item-by-item agreement with the ER for the YOU questions. E-CLASS data are in
graph (a), while the GE-CLASS data are in graph (b). Stars indicate pre/post changes that are
statistically significant as calculated with the Mann-Whitney U-test[14]. The absolute values of
the Cohen’s d are indicated in the figure as bars and can be read on the right axis.

and black circles respectively and for the GE-CLASS using blue squares and red circles. The
items in the figure have been ordered based on the level of students’ agreement with the ER in
the GE-CLASS pre-instruction data. In the figure, we indicate statistically significant changes
upon instruction with the black stars. For testing the statistical significance, we used the non-
parametric Mann-Whitney U-test [14] with 95% confidence level and with the null hypothesis
that the two samples are coming from the same population. To evaluate the practical significance
of statistically significant shifts, we calculate an effect size using Cohen’s d [16]. The Cohen’s d
values are shown in the figure 1 as grey bars and their values can be read on the right axis.
Looking at the GE-CLASS data in figure 1(b), we can see that instruction has a positive
impact on items 17 (If I don’t have clear directions for analyzing data, I am not sure how to
choose an appropriate analysis method), 29 (When I encounter difficulties in the lab, my first step
is to ask an expert, like the instructor) and 9 (When I approach a new piece of lab equipment, T
feel confident I can learn how to use it well enough for my purposes) with medium to small effect
sizes. On the other hand, we observe statistically significant negative shifts for items 6 (Scientific
journal articles are helpful for answering my own questions and designing experiments) and 18
(Communicating scientific results to peers is a valuable part of doing physics experiments).

| Cohen’s d |

| Cohen’s d |
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Figure 2. Cumulative likelihood distributions of the agreement with experts as a function of
the total score reached in the survey (obtained by summing up on all items). In (a) are the
results for the YOU-questions, in (b) are the results for the EXPERT-questions. Red and blue
lines represents GE-CLASS results for the pre- and post- surveys respectively. Black and gray
lines correspond to the pre- and post E-CLASS results.

There are several statistically significant changes upon instruction for the E-CLASS data,
some positive and some negative, but the effect sizes of those changes are always small. Overall,
we notice a higher level of agreement with the ER for the E-CLASS data than the GE-CLASS.

We see that the four items with the lowest and largest agreement with the ER are the
same for the GE-/E-CLASS. Both groups score highest and lowest (i.e., have “expert-like”
and “non-expert-like” thinking) on items regarding the same aspects of experimental physics
independently on how different the two educational environments are. Items in between the
extremes have different order of agreement with the ER for the two data sets.

To further analyse our data, we plotted in figure 2 the cumulative likelihood distribution of
the reached total scores. This corresponds to the integral of the fraction of students that reached
up to a certain total score in the survey. Note here that the maximum total score a student
can reach is +30 (when a student responds to all statements as the ER), while the minimum is
—30 (when a student responds opposite to that of the ER for all statements). The best possible
distribution would be zero everywhere with a sharp peak at +30. This would, in fact, mean that
all students have responded to all statements as the ER. The cumulative likelihood distribution

30
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of the scores for the YOU-questions are shown in figure 2(a) and for the EXPERT-questions in
figure 2(b). GE-CLASS data are in red and blue (for pre - and post- surveys respectively), while
E-CLASS data are in black and grey respectively.

The E-CLASS distributions are shifted to the right with respect to the GE-CLASS (see
figures 2(a) and (b)). To investigate if the observed differences between the E-CLASS and
GE-CLASS cumulative distributions are statistically significant, we used the non-parametric
Anderson-Darling k-samples statistical test [15]. For this test, we used as null hypothesis that
the two- samples are drawn from the same population and considered a confidence level of 95%.

We analysed all four cases for the comparison including the difference between:

(i) E- and GE-CLASS distributions of the YOU-questions in the pre-survey
(ii) E-/GE-CLASS distributions of the YOU-questions in the post-survey
(i) E-/GE-CLASS distributions of the EXPERT-questions in the pre-survey
(iv) E-/GE-CLASS distributions for the EXPERT-questions in the post-survey.

We found that the two samples of the E- and GE-CLASS do not originate from the same
distribution (p-value<<0.05) in all those four cases. This means that the E-CLASS distributions
are more “expert-like” than the GE-CLASS case.

Moreover, as we found in our previous study, in both GE- and E-CLASS cases, the
distributions for the EXPERT-questions in figure 2(b)) are shifted to the right, i.e. are more
“expert-like”, with respect to the distributions for the YOU-questions (in figure 2(a)).

When considering changes upon instruction for the GE-CLASS distribution only, we observe
statistically significant changes between GE-CLASS pre- and post-distributions for both YOU-
and EXPERT-questions. On the other hand, the shifts upon instruction of the E-CLASS data
(between pre- and post-) are not statistically significant for both YOU- and EXPERT-questions.

Finally, we found for YOU-questions in the GE-CLASS case (see figure 2(a)) that positive
effects upon instruction happens mostly for students with already high levels of expert-views
before instruction, while students with low levels of expert-views worsen their views. The
opposite tendency is true for the E-CLASS results.

5. Discussion

The results presented indicate that students at US institutions have a higher level of “expert-
like” views with respect to students at the UP. Notice here that preliminary results using the
GE-CLASS at other German institutions, which will be published elsewhere, suggest us that
this result is not specific to the UP. If this preliminary result is confirmed after collecting a larger
data set, we will be able to conclude that more effort needs to happen at German universities
and high schools for aligning students views about experimental physics to those of experts,
which is also true in the US [17].

We also found that in both educational environments (i.e., UP and US) students have an
internal contradiction between their personal views and their view of experts, which has been
explored in more depth in the US context [17]. They know what experts think, but do not
practice these beliefs while they do experiments.

Moreover, the results presented in figure 2 show that the effects upon instruction for GE-
CLASS data are larger then for the E-CLASS data. We observe changes towards more “expert-
like” views but, as discussed in section 4, we need to attend more to students that start with
less “expert-like” views, as, unfortunately, these students’ views tend to become more novice-like
upon instruction.

We can examine the impact of instruction in further detail by looking at which items show a
positive or negative shift. We found in the case of the GE-CLASS that students score better after
instruction for items related to students confidence in solving problems and making decisions
(items 17, 29 and 9). This result is rewarding, as we put a lot of effort into restructuring our
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course to encourage students to make decisions independently while trying to support them with
our course scaffolding. The negative shift observed for question 6 (Scientific journal articles are
helpful for answering my own questions and designing experiments) is unsurprising, as this aspect
of experimental physics is not a learning goal in our laboratory course and therefore there are
no related activities included in the course. This finding shows that students align their views
about experimental physics in accordance with the activities in the course. Importantly, GE-
CLASS and E-CLASS both ask students about their views with respect to their lab class and
not experimental physics in general. Thus, students may come into the course expecting these
components to be a part of experimental physics, but then do not engage in the activity in their
course, which could lead to a negative shift. The negative shift of item 18 (Communicating
scientific results to peers is a valuable part of doing physics experiments) was also found in our
previous study [12]. Since it is a learning goal of our course, we have started to put effort into
creating activities that demonstrate the importance of peer communication while performing
experiments. Until now, however, we have experimented in only a couple of cases with new
ways to include this aspects in the PLC, but have not managed to include those ways on a
regular basis in our PLC.

6. Conclusions

In conclusion, we have assessed the introductory PLC at the UP, using the German version
of the E-CLASS and compared the results at the UP with those obtained at US institutions.
The insights gained from this study are important feedback in the iterative process of improving
laboratory instruction. We will work to improve how students engage in scientific communication
in particular. This is a central goal for the UP course. Overall, the lower level of “expert-
like” views at the UP compared to US institutions indicates the need for a stronger focus on
epistemology.
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Appendix A. List of the E-CLASS questions
We show in the parenthesis at the end of the E-CLASS items the answer of the ER. A’ stands
for AGREE and 'D’ stands for DISAGREE.

Q1: When doing an experiment, I try to understand how the experimental setup works.
(ER: A)

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

Q3: When doing a physics experiment, I don’t think much about sources of systematic
error. (ER: D)

Q4: If T am communicating results from an experiment, my main goal is to create a report
with the correct sections and formatting. (ER: D)

Q5: Calculating uncertainties usually helps me understand my results better. (ER: A)

Q6: Scientific journal articles are helpful for answering my own questions and designing
experiments. (ER: A)

QT7: I don’t enjoy doing physics experiments. (ER: D)
Q8: When doing an experiment, I try to understand the relevant equations. (ER: A)
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Q9: When I approach a new piece of lab equipment, I feel confident I can learn how to use
it well enough for my purposes. (ER: A)

Q10: Whenever 1 use a new measurement tool, I try to understand its performance
limitations. (ER: A)

Q11: Computers are helpful for plotting and analyzing data. (ER: A)

Q12: T don’t need to understand how the measurement tools and sensors work in order to
carry out an experiment. (ER: D)

Q13: If T try hard enough T can succeed at doing physics experiments. (ER: A)

Q14: When doing an experiment I usually think up my own questions to investigate. (ER:
A)

Q15: Designing and building things is an important part of doing physics experiments.
(ER: A)

Q16: The primary purpose of doing a physics experiment is to confirm previously known
results. (ER: D)

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

Q18: Communicating scientific results to peers is a valuable part of doing physics
experiments. (ER: A)

Q19: Working in a group is an important part of doing physics experiments. (ER: A)
Q20: I enjoy building things and working with my hands. (ER: A)

Q21: T am usually able to complete an experiment without understanding the equations
and physics ideas that describe the system I am investigating. (ER: D)

Q22: If I am communicating results from an experiment, my main goal is to make
conclusions based on my data using scientific reasoning. (ER: A)

Q23: When I am doing an experiment, I try to make predictions to see if my results are
reasonable. (ER: A)

Q24: Nearly all students are capable of doing a physics experiment if they work at it. (ER:
A)

Q25: A common approach for fixing a problem with an experiment is to randomly change
things until the problem goes away. (ER: D)

Q26: Tt is helpful to understand the assumptions that go into making predictions. (ER: A)
Q27: When doing an experiment, I just follow the instructions without thinking about their
purpose. (ER: D)

Q28: T do not expect doing an experiment to help my understanding of physics. (ER: D)

Q29: If T don’t have clear directions for analyzing data, I am not sure how to choose an
appropriate analysis method. (ER: D)

Q30: Physics experiments contribute to the growth of scientific knowledge. (ER: A)
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