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Student learning in undergraduate physics laboratories has been a growing area of focus within
the PER community. Lab courses have been called out as critical elements of the undergraduate cur-
riculum, particularly with respect to improving students’ attitudes and beliefs about experimental
physics. Previous work within lab learning environments has focused on the effectiveness of curric-
ular innovations or changes to pedagogy; however, one aspect of the learning environment that has
not be investigated is the impact of grading practices on students’ beliefs and practices. We explore
the possible link between students’ perceptions of what is valued and rewarded by course grades and
their beliefs about the nature and importance of experimental physics as measured by the Colorado
Learning Attitudes about Science Survey for Experimental Physics (E-CLASS). We find that there
is a significant correlation between students’ perceptions of the value of certain activities and their
personal epistemologies with respect to those activities.

PACS numbers: 01.40.Fk

I. INTRODUCTION

Student learning in physics laboratory courses has been
a growing area of focus within the PER community. Lab
courses have been repeatedly cited not only as critical
elements of the undergraduate curriculum, but also as
places where there is a significant need for improvement
[1–3]. In particular, the undergraduate physics labora-
tory is an important environment with respect to im-
proving students’ attitudes and beliefs about the nature
and process of experimental physics, as well as its place
within the discipline [1, 4, 5]. Previous research on stu-
dent learning within the lab environment has included
developing consensus learning goals [4], investigating the
effectiveness of changes in classroom practice [6, 7], or
complete overhauls of the laboratory environment to im-
prove student outcomes [8, 9].

One aspect of lab courses that has not been investi-
gated is how grading practices may impact what aspects
of experimental physics are perceived by students as val-
ued and valuable within their course. This, in turn, may
impact their beliefs about the nature and process of ex-
perimental physics more generally. Previous literature on
grading practices in the context of lecture courses indi-
cates that what is rewarded in the classroom often has a
significant impact on students’ behavior, study patterns,
and learning [10–12], and that impact is often larger than
when the instructor only talks about it being important
[13]. For example, traditional grading practices often en-
courage rote learning and may result in negative learning
outcomes particularly with respect to attitudes and epis-
temologies [10, 13]. In lab courses specifically, it may
be that certain grading practices encourage students to
adopt novice-like ideas about what experimental physics
is and how it is done.

Here, we explore the possible link between students’
perceptions of what is valued and rewarded by course
grades and their beliefs about the nature and impor-
tance of experimental physics as measured by the Col-

orado Learning Attitudes about Science Survey for Ex-
perimental Physics (E-CLASS) [14]. E-CLASS is a 30
item, Likert-style survey in which students are presented
with a statement (e.g., “Designing and building things is
an important part of doing physics experiments.”) and
asked to rate their level of agreement both from their per-
sonal perspective when doing experiments in class and
that of a hypothetical experimental physicist. The E-
CLASS was developed in conjunction with laboratory
course transformation efforts at the University of Col-
orado Boulder (CU) [4]. The instrument was validated
through student interviews and expert review [14], and
was tested for statistical validity and reliability using
responses from students at multiple institutions and at
multiple course levels [15]. This work is part of ongo-
ing analysis of a growing, national data set of student
responses to the E-CLASS.

II. DATA SOURCES & METHODS

Data for this study were drawn from an existing
data set consisting of seven semesters of students’ re-
sponses to the E-CLASS collected between 01/2013 and
05/2016. These data were collected from multiple insti-
tutions across the United States through the E-CLASS
centralized, online administration system [16]. Students
completed the E-CLASS both pre- and postinstruction,
typically in the first and last week of the course respec-
tively. Only students for whom we had matched pre-
and postinstruction responses were included in the anal-
ysis. The final matched data set included N = 7167
matched responses from 130 distinct courses at 75 in-
stitutions. The institutions in the data set spanned a
range of institution types including 2-year (Ninst = 3)
and 4-year colleges (Ninst = 35), as well as masters
(Ninst = 8) and Ph.D. granting universities (Ninst = 21).
Several of the courses used the E-CLASS during mul-
tiple semesters, thus the full data set includes student
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FIG. 1. Sorted plot of the average student rating for each of the 23 grades questions. See Table I for the prompts for each
grade question. Vertical bars characterizing the spread are one standard deviation (not one standard error of the mean).

responses from 206 separate instances of the E-CLASS.
These courses also span multiple levels including first-
year (FY, Ncourses = 102) introductory courses and
beyond-first-year (BFY, Ncourses = 104) courses.

Response options for E-CLASS items are given on a 5-
point Likert scale (‘strongly agree’ to ‘strongly disagree’).
For scoring purposes, students’ responses to each 5-point
Likert item were condensed into a standardized, 3-point
scale in which the responses ‘(dis)agree’ and ‘strongly
(dis)agree’ were collapsed into a single category [17]. Stu-
dents’ responses to individual items were given a numer-
ical score based on consistency with the accepted, expert
response: favorable (+1), neutral (+0), or unfavorable
(−1). A student’s overall score on the assessment is given
by the sum of their scores on each of the 30 E-CLASS
items resulting in a possible range of scores of [−30, 30].
For more information on the scoring of the E-CLASS see
Ref. [15]. Because the E-CLASS data are fundamentally
ordinal, rather than interval, in nature, we utilize the
non-parametric Mann-Whitney U test [18] to determine
statistical significance of differences in raw scores. When
calculating correlations between items, we use the non-
parametric Spearman correlation coefficient [19].

In addition to the E-CLASS item prompts, the postin-
struction E-CLASS also includes 23 items asking students
to rate how important – on a 5 point Likert scale from
‘not at all important’ to ‘very important’ – particular el-
ements of experimental physics were for earning a good
grade in their course (see Table I) [14]. For the purposes
of quantifying students responses, the grades questions
were assigned a numerical score from [-2,2] points with -2
points for ‘not at all important’ up to 2 points for ‘very
important.’ We did not further collapse the numerical
scores on the grades questions to a 3-point scale primar-
ily because of the non-trivial distinction between ”not at
all important” and ”somewhat unimportant.” Each grade
question was designed to pair with one of the E-CLASS
prompts. For example, the E-CLASS item, “Whenever I
use a new measurement tool, I try to understand its per-
formance limitations,” has the matched grade question,
“How important for earning a good grade was under-
standing the performance limitations of the measurement
tools.” Seven of the 30 E-CLASS prompts did not have
a matched grade question because these items targeted
student affect or confidence in ways which were unlikely

to be directly incorporated into the overall course grad-
ing structure (e.g., “I don’t enjoy doing physics experi-
ments.”). While students’ perceptions of how important
certain elements of the course were for their grade repre-
sents, at best, a proxy for the instructor’s actual grading
practices, we argue that students’ perceptions may in fact
be more important for this investigation. We posit that,
in order for a particular grading practice to impact the
students’ ideas, the students must both be aware of it and
believe that it has a meaningful impact on their grade.

III. RESULTS

To begin, we examine how important students per-
ceive the elements of experimental physics targeted by
E-CLASS were for earning a good grade by averaging
students’ ratings for each of the 23 grades questions (Fig.
1). Only two items – “reading scientific journal articles”
and “randomly changing things to fix a problem with
the experiment” – had an average rating in the range of
‘somewhat unimportant’ or ‘not at all important’. An
additional two questions were rated on average as ‘nei-
ther unimportant nor important’ – “thinking up my own
questions to investigate” and “designing and building
things.” All remaining questions were rated in the range
of ‘somewhat important’ to ‘very important.’ The aver-
ages for FY and BFY students separately showed small
but statistically significant (Mann-Whitney U and Holm-
Bonferroni [20] corrected p < 0.05) differences for 11 of
the 23 questions with BFY rating the activity as more
important in all cases; however, the general trends de-
scribed above were consistent across course levels.

To determine the extent to which students’ responses
to the grades questions relate to their personal E-CLASS
responses, we calculate the Spearman correlation coeffi-
cient between each grade question and its matched per-
sonal question. However, due to the large size of our
data set, even very small correlations (r < 0.1) were
statistically significant. In fact, all of the correlations
presented here were statistically significant. For this rea-
son, the concept of practical significance is more relevant
in this case. One common threshold used in the litera-
ture for determining the practical significance of correla-
tion coefficients is r > 0.3. To determine if this thresh-
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TABLE I. Grade question prompts and the associated correlations for both FY and BFY students. All prompts complete the
question, “How important for earning a good grade was...,” and students selected from five options – not at all important,
somewhat unimportant, neither unimportant nor important, somewhat important, or very important. Bolded correlations are
practically significant and statistically significant difference between the FY and BFY are marked with asterisks.

Correlation

Q# Prompt BFY FY

5 ...randomly changing things to fix a problem with the experiment? -0.46 -0.44

11 ...thinking up my own questions to investigate? 0.40 0.40

2 ...reading scientific journal articles? 0.39 0.24*

4 ...working in groups? 0.37 0.38

19 ...understanding the performance limitations of the measurement tools? 0.35 0.32

6 ...calculating uncertainties to better understand my results? 0.35 0.33

12 ...designing and building things? 0.33 0.31

22 ...making predictions to see if my results are reasonable? 0.31 0.34

1 ...understanding how the measurement tools and sensors work? 0.31 0.29

16 ...thinking about sources of systematic errors? 0.28 0.25

13 ...understanding the equations and physics ideas that describe the system I am investigating? 0.28 0.29

18 ...making conclusions based on data using scientific reasoning? 0.27 0.23

8 ...understanding how the experimental setup works? 0.24 0.27

17 ...thinking about the purpose of the instructions in the lab guide? 0.23 0.24

9 ...understanding the relevant equations? 0.22 0.27*

15 ...communicating scientific results to peers? 0.22 0.29*

20 ...communicating results with the correct sections and formatting? -0.19 -0.20

23 ...confirming previously known results? -0.18 -0.17

7 ...choosing an appropriate method for analyzing data (without explicit directions)? 0.17 0.11*

10 ...using a computer for plotting and analyzing data? 0.15 0.20

21 ...learning to use a new piece of lab equipment? 0.13 0.13

14 ...overcoming difficulties without the instructor’s help? 0.13 0.10

3 ...understanding the approximations and simplifications that are included in theoretical predictions? 0.13 0.17

old is appropriate for our purposes, we calculated cor-
relations between students’ preinstruction responses to
the E-CLASS personal questions and their postinstruc-
tion responses to the grades questions. As students are
unlikely to have gained significant experience with the
course grading structure within the first week of class,
these two responses should not, in theory, be causally
linked. This implies that any observed correlation does
not represent the impact of grading practices on stu-
dents ideas. None of the correlations of the grades ques-
tions with preinstruction responses exceeded the r > 0.3
threshold, indicating that this is likely an appropriate
cutoff for determining practical significance.

Correlations between each grade question and its
matched postinstruction personal question are given in
Table I. Of the grades questions, only three target ac-
tivities for which we would anticipate that a person with
expert-like personal views would select ‘not at all impor-
tant’ or ‘somewhat unimportant’ with respect to their im-
portance for earning a good grade – “...randomly chang-
ing things to fix a problem with the experiment,” “...com-
municating results with the correct sections and for-
matting,” and “...confirming previously known results.”

Consistent with this, these three grades questions were
the only questions for which the correlation between stu-
dents’ personal views and their responses to the grades
question was negative (see Table I). The correlation was
practically significant for only one of these three ques-
tions – “How important for earning a good grade was
randomly changing things to fix a problem with the ex-
periment.” Of the 20 positive correlations, six were prac-
tically significant for both FY and BFY students, with an
additional two that were practically significant for BFY
only (see Table I). The differences between the correla-
tions for FY and BFY students were statistically signifi-
cant for only four questions (see Table I).

With respect to questions whose correlations were not
practically significant for either FY or BFY, there are
several possible explanations, which may impact the in-
terpretation of the low correlation values. For example, if
all students, regardless of their personal views rated the
activity as important for their grade, we would see no cor-
relation. Alternatively, if students had significant varia-
tion in their responses to the grade question independent
of their personal views, we would also expect to see little
to no correlation. For 7 of the 14 questions that saw no
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practically significant correlation (see Table I), the ma-
jority of students with favorable or unfavorable personal
views rated the activity as important, suggesting that
the lack of correlation is because all students see these
activities as important for their grade. For the remaining
questions, the lower correlation was typically a result of
significant spread in how important students with unfa-
vorable personal views perceived the activity to be, while
students with favorable personal views more consistently
rated the activity as important for their grade.

IV. CONCLUSIONS & LIMITATIONS

Here, we investigated the possible link between stu-
dents’ perceptions of what is valued and rewarded by
course grades and their beliefs about the nature and im-
portance of experimental physics. Using a large-scale,
national data set of students responses to the E-CLASS,
we compared students personal views with respect to par-
ticular elements of experimental physics to how impor-
tant they believed that element was for earning a good
grade in their lab course. We found that there was a sta-
tistically and practically significant correlation between
students’ perceptions of the value of certain activities and
their epistemologies with respect to that activity in their
lab course. While the purely quantitative analysis pro-
vided here cannot establish causality, there are at least
two possible causal mechanisms that are consistent with
our findings. One possibility is that what students’ per-
ceive as being explicitly valued and rewarded with re-
spect to grades has a direct impact on their attitudes
and beliefs about the nature and process of experimental
physics. This hypothesis is also consistent with previous
literature that demonstrates a link between assessment

strategies and student outcomes [10–13]. An alterna-
tive explanation for our findings is that students with
expert-like attitudes and beliefs are better able to recog-
nize ways in which particular elements of experimental
physics may impact their grade. However, for either of
these two causal mechanisms, our findings suggest that
laboratory course instructors should take care not only
to intentionally design their grading practices to target
the aspects of experimental physics they value and want
their students to value, but also to make those grading
practices transparent to their students.

In addition to not establishing a causal mechanism,
there are several other limitations to these findings. De-
spite spanning a large number of institutions, courses,
and student populations, our data set is not comprehen-
sive nor randomly selected. For example, instructors in
our data set represent a self-selected group that gener-
ally chose to use E-CLASS without pressure from their
department or colleagues. Additionally, we do not have
data on instructors’ actual grading practices that could
be used to determine the accuracy of students’ percep-
tions of the grading structure. In the future, qualita-
tive analysis of graded course artifacts and instructors’
grading schemes could help to determine if students were
correct in their perceptions of what elements of experi-
mental physics contributed significantly to their course
grade. Such analysis could also help to identify grading
practices that are most effective at encouraging expert-
like epistemologies about experimental physics.
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