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The current dropout rate in physics studies in Germany is about 60%, with the majority of dropouts occurring
in the first year. Consequently, the physics study entry phase poses a significant challenge for many students.
Students’ stress perception can provide more profound insights into the processes and challenges during that
period. In a panel study featuring 67 measuring points involving up to 128 participants at each point, we
investigated the students’ stress perception with the Perceived Stress Questionnaire (PSQ), identified underlying
sources of stress, and assessed the self-estimated workload across two different cohorts. This examination
occurred mostly every week during the first, and for one cohort also in the second semester, yielding a total
of 3,206 PSQ data points and 5,823 stressors. The PSQ data indicate a consistent stress trajectory across all
three groups studied that is characterized by significant dynamics between measuring points, spanning from
M = 20.1, SD = 15.9 to M = 63.6, SD = 13.4 on the scale from 0 to 100. The stress level rises in the
first lecture weeks, followed by a stable, elevated stress level until the exams and a relaxation phase afterward
during the lecture-free time and Christmas vacation. In the first half of the lecture period, students primarily
indicate the weekly exercise sheets, the physics lab course, and math courses as stressors; later on, preparation
for exams and the exams themselves emerge as the most important stressors. Together with the students’ self-
estimated workload that correlates with the PSQ score, we can depict a coherent picture of stress perception
among first-year physics students. This study enhances the understanding of stress perception and its potential
management. Methodologically, it offers an extensive set of valuable reference data. Practically, it identifies
discipline-specific stressors providing educators and faculty with critical insights to undertake stress-reducing
interventions to tackle high dropout rates.

I. MOTIVATION: HIGH DROPOUT IN PHYSICS STUDIES

In the academic year 2023, around 11,100 students were
enrolled in an undergraduate physics degree program at Ger-
man universities [1]. This figure has returned to the levels
observed in the academic year 2011, marking a significant de-
crease from the intervening years, during which the enroll-
ment numbers ranged between 14,000 and 16,000 new stu-
dents annually. Of these students, around 39% do not attend
any course in person (so-called park students), so only around
6,800 students have truly started their studies in the recent
academic year [1]. Given the frequently discussed shortage
of skilled workers, particularly in fields related to natural sci-
ences, an issue exacerbated by demographic change, the num-
ber of students enrolling is considered notably low. This lack
of enrollment in physics is even more dramatic given the high
dropout among physics students. The exact rate is difficult to
determine and depends on the specific measurement.

A commonly referenced metric, established by the German
Centre for Higher Education Research and Science Studies
([2], assesses the proportion of a specific reference cohort of
students who successfully complete their degree programs,
regardless of whether they graduate in their original subject
or from their initial university. According to the latest data,
which is based on a comparison of the 2020 cohort of gradu-
ates with students who began their studies in 2016/17 or be-
fore, 60% of all students enrolled in a physics or geosciences
Bachelor study program at German universities did not re-
ceive any degree. This is currently the highest rate compared
to all other study programs and it has steadily been one of the
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highest dropout rates in recent years, with an upward trend
from 39% among students who started in 2006/07 to 49% in
2014/15 and lately 60% [2, 3]. Another method to estimate
the dropout involves comparing the actual number of physics
Bachelor graduates (2,660) in 20231, which is consistent with
figures from previous years [1], with the aforementioned en-
rollment numbers. This yields a success rate of less than 25%.

For physics teacher training programs, these problems are
even more serious as out of around 2,000 students enrolled an-
nually, only around 300 complete the Bachelor’s, and slightly
fewer the consecutive Master’s degree program [1]. Forecasts
on the recruitment needs of new teachers show that the num-
ber of new graduates is far below the actual demand [6].

Low numbers of natural sciences students and high dropout
are also international issues. Natural sciences, mathematics,
and statistics have the lowest share of graduates in OECD
countries compared to all other fields [7], so physics is a very
narrow field of study [8]. Data from the late 1990s and early
2000s show that high dropout in physics has already been an
issue for a long time in various European countries [9].

In about half of the cases, the dropout occurs already in the
first year of study [10], highlighting the necessity of focusing
research efforts on understanding the underlying processes in
this physics study entry phase. Here, stress perception can be
considered as a pivotal element for better understanding stu-
dents’ experiences that could lead to them dropping out (e.g.,
difficulties, challenges, circumstances). Therefore, this paper
examines students’ stress perception in that particular phase.

1 For comparison: In the US with around four times more inhabitants than
Germany, 9,031 students graduated from a physics Bachelor program in
2020 [4]; in the UK with around 20% less inhabitants than Germany, 3,675
students graduated from an undergraduate physics course in 2015 [5].
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II. STATE OF RESEARCH AND RESEARCH QUESTIONS

A. Research on the physics study entry phase

Study dropout rates and underlying causes have already
been investigated and discussed in Germany for more than 40
years [11]. Besides descriptive trend studies for all subjects
like the mentioned studies from the DZHW, there has also
been subject-specific research for science and physics study
programs in particular. In this context, three strains of re-
search can be identified: research on risk (1) and success (2)
factors as well as efforts to innovate the study entry phase (3).

The first strain on risk factors investigates the extent of
dropout, underlying processes, and reasons. Ref. [12], e.g.,
has examined risk factors for a successful start in a physics
study program. The study is based on work by Ref. [13]
who developed a model for academic success based on the
students’ individual study and learning behavior that depends
on personal entry preconditions (e.g., prior knowledge from
school, study choice motives, or socio-demographic back-
ground), study conditions (e.g., quality of university teach-
ing, the structure of the study program, or organization), and
more general context conditions (e.g., employment, illness, or
family situation). Ref. [12] considered aspects like the grade
of the university entrance qualification, the supervision, sup-
port, insufficient information, and interest in the subject and
identified content requirements as the most salient reason for
exmatriculation from a physics study program.

The second strain investigates factual and affective aspects
of the physics study entry phase and their impact on aca-
demic success. Examples are the students’ prior knowledge in
mathematics and physics [14–16] and their overall study abil-
ity [17], their acquisition of factual knowledge and problem-
solving competencies during the introductory phase [18, 19],
the students’ views of the nature of science [20], or their sense
of belonging to the physics community and university [21].
Similar research has also been conducted in other countries,
focusing on topics like the importance of math prerequisites
[22] and the sense of belonging in the US [23, 24], or emo-
tions of physics students in Australia [25] and Finland [26].

The third strain, innovation, is about the improvement of
the physics study entry phase to better support the teaching
and learning process and facilitate overall academic success.
Typical innovations are the implementation of extracurricular
measures to tackle or compensate for discrepancies between
the actual and expected students’ performances. For exam-
ple, learning centers have been established to provide support-
ive learning offers in addition to the regular curriculum (e.g.,
[27]). Pre-courses have been introduced as on-campus courses
and online learning units so that students could repeat rele-
vant school mathematics bridging the gap between school and
university mathematics [28–32]. Additionally, efforts have
been dedicated to the intracurricular enhancement of physics
study programs. Examples include the implementation of
classroom exercises, complexity-graded tasks, and supportive
learning materials for subject-specific problem-solving [33–
35], or smartphone-based experimental tasks [36–39]. A re-
view of innovations’ impact on learning in undergraduate sci-
ence courses is available in Ref. [40].

B. Perceived stress & stressors in university education

1. Definition of stress

Building on the idea of the first strain, the investigation of
risk factors for study dropout, the exploration can extend to
students’ stress perception and the underlying causes of stress.
Psychological stress can be defined as "a particular relation-
ship between the person and the environment that is appraised
by the person as taxing or exceeding his or her resources and
endangering his or her well-being" [41, p.19]. Stress percep-
tion is based on a cognitive appraisal process "of categorizing
an encounter, and its various facets, with respect to its sig-
nificance for well-being" which is of "largely evaluative" and
continuous nature [p.31]. The appraisal process takes into ac-
count both person and situation factors and particularly de-
pends on the availability of strategies for coping, i.e. the "con-
stantly changing cognitive and behavioral efforts to manage
specific external and/or internal demands that are appraised as
taxing or exceeding the resources of the person" [p.141]. As
stress perception is a very individual interplay between a per-
son and their environment, the same stressor, i.e., "a subset of
environmental conditions that are likely to be appraised as de-
manding and to have implications for a person’s well-being"
[42, p.30] can be perceived differently by different people.

2. Measurement of stress perception with the PSQ

A rather popular instrument for measuring stress perception
is the Perceived Stress Questionnaire (PSQ), originally con-
ceived for the investigation of psychosomatic patients [43]. It
has been translated into various languages like German [44],
Spanish [45], or Chinese [46, 47]. The different language ver-
sions differ in the number of items and subscales. The Ger-
man version comprises 20 items (statements), and a 4-point
Likert-type rating scale to assess the leve of agreement with
each statement, viz. almost never (1), sometimes (2), often
(3), and most of the time (4). They form four subscales with
five items each, which describe the perceived worries, ten-
sion, and joy that seem to reflect the internal stress reaction
of the individual, and demands that seems to refer to the per-
ception/appraisal of external stressors [44]. Worries, tension,
and demands are treated as increasing while joy is treated as
decreasing the total perceived stress score that is derived as
the mean across all items after partial inversion of items and
is scaled linearly from 0 (min.) to 100 (max.).

A broader body of research exists where the PSQ has been
employed to investigate students across various disciplines
(cf. Table I). It was used in the fields of medicine, nursing,
and health, particularly to validate the different versions of the
PSQ, to investigate education students, or to get an overview
of stress perception at universities, e.g., during the COVID-
19 pandemic by investigating students in various subjects and
years of study. Data was collected on different time scales
from a few days to several months and in always one measur-
ing period, except from Ref. [48] who measured three times at
the beginning, mid, and end of a semester. The sample sizes,
means, and standard deviations vary considerably.
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TABLE I. Overview of literature providing comparative data from the Perceived Stress Questionnaire (PSQ) for students. For each reference,
it is indicated which version of the instrument was used, i.e. the number of items (13, 20 or 30), the language (Chinese (C), English (E),
German (G), Spain (S)), and whether a four- or six-point rating scale was used. As far as identifiable, a description of the investigated students
and measuring points is provided together with the number of students (N) and their mean total perceived stress score (M) including standard
deviation (SD) and error (SE). For better comparability, all perceived stress scores are presented on a scale from 0 to 100 for what data partly
needed to be transformed. Sometimes, e.g., the total stress score needed to be determined based on subscale values. In that case, the average
of the subscale values as well as the highest standard deviation were used for approximation.

Reference Instrument Investigated students Measuring point N M SD SE
[48] PSQ-20-G-6 Across all subjects & years of study including

PhD, University of Nürnberg-Erlangen, Germany
begin of summer semester 20 2795 42.10 22.80 0.43

mid of summer semester 20 2795 48.60 23.00 0.44
end of summer semester 20 2795 50.50 23.40 0.44

[49] PSQ-20-G-6 Education (primary & secondary school), Uni-
versity of Nürnberg-Erlangen, Germany, various
years of study

begin of summer semester 20 51 39.00 27.80 3.89

mid of summer semester 20 51 49.90 25.40 3.56
end of summer semester 20 51 51.30 27.00 3.78

[44] PSQ-20-G-4 Medicine, Germany, 4th or 5th clinical semester 246 34 16 1.02
[50] PSQ-20-G-4 Across all subjects & years of study, several uni-

versities in Germany
12/11-01/12 2435 52 19 0.39

[51] PSQ-20-G-4 Medicine, University Medical Center Hamburg-
Eppendorf, Germany, 1st year of study

01/14 during regular seminar, at the begin-
ning of the second six-week module before
the written semester exam in February

321 40 15 0.84

[52] PSQ-20-G-4 Education, part of an introductory psychology
lecture, University of Bamberg, Germany, various
years of study

one measurement in winter semester 18/19,
summer semester 19, winter semester
19/20, & summer semester 20

110 40.75 23.6 2.26

[53] PSQ-20-G-4 Medicine, part of a communication course,
Germany

winter semester 20/21 136 49.53 10.64 0.91

[54] PSQ-30-E-4 Health & activity course, Mid-Atlantic Univer-
sity, US, undergraduate level

232 62.8 12.7 0.83

[55] PSQ-30-E-4 Across all subjects & years of study, University of
York & Hull York Medical School, UK

05/20-06/20 788 51 20 0.71

[56, 57] PSQ-30-S-4 Dental, Universities of Uesca & Santiago de
Compostela, Spain, various years of study

05/11, two weeks before final exam phase 314 45 19 1.07

[58] PSQ-24-S-4 Education, Catholic University of Valencia,
Spain, undergraduate level

end of classes, 03/16-05/16 589 42 17 0.70

[46, 59] PSQ-30-C-4 Medicine, University of Wuhan, China, post- &
undergraduate

12/16-01/17 122 40.2 13.3 1.20

Medicine, University of Ningbo, China, junior
college

11/15-01/16 1453 39.9 13.8 0.36

[47] PSQ-13-C-4 Medicine, University of Hangzhou, China, vari-
ous years of study

09/21-12/21 309 29.019 6.325 1.944

3. Further research on students’ stress perception

Beyond the use of the PSQ, there have been further stud-
ies about students’ stress perception. Some of them do not
explicitly focus on a specific subject [60–65], others address
specific subjects like nutrition [66], teacher training students
[67–69], or chemistry [70]. Research interests, objectives and
methods vary widely in these studies and this list is not ex-
haustive. Therefore, we only highlight three studies that are
particularly relevant in our research context.

Ref. [60] used the Perceived Stress Scale (PSS) by Ref. [71]
among German students in two weeks in late November 2011
leading to the observations that 59% of the students felt ner-
vous or stressed within the past weeks and 31% had the feeling
that they could not control important aspects in their life. No
relevant differences between subjects were found but women
and students in higher semesters tend to perceive more stress.
Stress was mostly associated with time and performance pres-
sure (in tendency more in earlier years of study) as well as fear
of the future and uncertainty (in tendency more in higher years

of study), and excessive demands posed on students. In the
study, students also rated eleven different areas of life (stud-
ies, work, family situation, financial situation, leisure, health,
household, children, partnership, social contacts, and housing
situation) identified by Ref. [72] according to which extent
they contribute to their stress perception. The findings show
that on average students perceive three areas of life as strong
stressors. The most frequent stressors are the studies them-
selves (68% of the students) as well as the financial situation,
work, and leisure (around 40% each).

Similarly, Ref. [65] investigated the relevance of ten pre-
defined stressors as perceived by 243 students of various sub-
jects and years of study at a German university. The responses
reveal that general conditions of the university like rooms, fa-
cilities, or number of participants in courses, requirements re-
garding the course of studies and timetable in the major sub-
ject, the individual financial situation, and the working style
as a fit between habits and external requirements are the most
important stressors. Requirements in the minor subject, con-
flicts between the studies and private interests, and jobbing are
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perceived as medium important. The need for active partici-
pation in the courses, troubles with the self-concept of abil-
ity, and family obligations are rather unimportant stressors for
most students.

Ref. [70] investigated the stress of 178 first-semester chem-
istry students at two German universities following the same
definition of stress by Ref. [41]. Students monthly rated on a
five-point Likert scale a single item by Ref. [73] to what extent
they felt that they could meet the demands of their study pro-
gram in the same week. Furthermore, they could state reasons
for their feeling of overload in an open text field. The quanti-
tative data show that 38% of all students perceive a moderate
and 26% a high or very high mismatch (similar to the level
of stress) during their first year of studying chemistry. The
analysis of the qualitative data leads to four areas of stres-
sors. The most prominent area is built by cognitive-factual
stressors which were split into qualitative (i.e., level of diffi-
culty), quantitative (i.e., workload), and not further specifiable
stressors as well as responses regarding exam failure. Further-
more, cognitive-organizational, physical (including sickness),
and social stressors were identified but were less common.
While qualitative stressors dominated the first half of the first
semester, the second half of the semester was dominated by
quantitative stressors due to the lab course and exam prepara-
tion. The math and lab course and particularly the weekly ex-
ercises and self-study at home were the most relevant aspects
linked to these quantitative and qualitative stressors while ex-
ercises and tutorials were hardly mentioned.

4. Stress and the role of academic workload

An accompanying factor that is sometimes investigated to-
gether with students’ stress perception is the academic work-
load. For instance, Ref. [50] utilized the PSQ alongside an
item by Ref. [74], where students were asked to report the
number of hours they spend in an average lecture week on
attending courses, engaging in course-related activities, and
working to finance their studies. The analysis shows that the
self-estimated workload explains a significant part of the vari-
ance in the PSQ sub-dimensions tension and demands show-
ing that workload is an interesting variable to consider to-
gether with the PSQ. The average workload reported in that
study is comparable to a typical full-time job as around half
of the students stated a workload between 31 h and 50 h per
week, with extreme values even beyond 70 h.

Conversely, an extensive time budget survey [75] across
various subjects and German universities required students to
detail their daily timetables, providing in-depth information
on activities regarding their studies as well as estimates on
private time, jobbing, vacation, illness, etc. Findings show
that students spent significantly less time on their studies than
one would expect. Based on the EU-wide ETCS system, stu-
dents should spend around 1,800 h per year on their studies,
i.e., 45 weeks á 40 h (and 7 weeks holidays) equal to on av-
erage 34.6 h per week or 4.9 h per day. However, at no uni-
versity and in no study program investigated by Ref [75], this
4.9 h/d limit is exceeded in any month of the semester (be-
sides one minor exception). Usually, this limit is even signif-

icantly undercut (with the lowest value 1.4 h/d) leading, on
average, to a 23 h week significantly below the 34.6 h. The
authors point out the comparability of their own findings with
those from two American studies [76, 77] which have shown
that the workload of four-year college students decreased from
40 h/week in 1961 to around 27 h/week in 2003 [78].

C. Research questions

The described state of research indicates a considerable in-
terest in examining students’ stress perception across various
subjects and countries. Yet, it also highlights a significant gap:
Despite physics study programs having the highest dropout
rate among all study programs in Germany, there appears to
be no study specifically focused on the stress perception of
physics students as it has already been done for many other
subjects. Furthermore, many studies have only one or very
few measuring point(s) that do not allow a high resolution of
possibly time-dependent stress perception and stressors in the
first year of study. Moreover, the PSQ seems to be an estab-
lished and frequently validated instrument to investigate stress
perception of university students. In response to the identified
need to understand physics students’ perception of stress and
stressors in the study entry phase, we pursue the following
research questions:

RQ1: How does the perceived stress of physics students
(measured by the PSQ) evolve during the first year of their
study? The first question deals with the temporal dependency
of the stress perception of physics students in their first year
of study. An answer to this question will provide quantitative
data on which phases of the study entry phase are perceived
as more or less stressful by the students, as well as an overall
assessment of their stress level.

RQ2: How does the self-estimated workload of the students
evolve during the first year of their study? The second ques-
tion is a supplement to the first and deals with the students’
self-assessed weekly study-related workload as another indi-
cator that could be related to stress perception.

RQ3: What are the most salient stressors contributing to
physics students’ perceived stress, and how does their indica-
tion shift during the first year of their studies? The third ques-
tion goes beyond the quantitative data by looking at the stres-
sors that contribute to perceived stress from the students’ point
of view, and as above, the temporal dependency of these stres-
sors over the semester is investigated. An answer to this ques-
tion provides a deep insight into the (subject-specific) causes
of stress perception. This will be an important basis for future
supportive measures and systemic improvements.

In addition, we investigate whether there are differences be-
tween different cohorts and between first and second semester
students. This will show whether the stress perception de-
pends on the cohort and associated circumstances (e.g., at the
university) and whether the first semester differs from the sec-
ond semester, in which students are already more familiar with
the university and their study program.
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III. METHODS

A. Data collection and sample

The stress perception was studied among first-year, i.e. first
and second semester physics students in a voluntary panel
study at the University of Göttingen. As Figure 1 shows,
the students attend, in both their first and second semesters,
the courses Experimental physics and Mathematics for physi-
cists (or alternatively Integral and differential calculus). Ad-
ditionally, they attend Mathematical Methods in Physics in the
first and Analytical Mechanics in the second semester. Each
course consists of one or two lectures, a tutorial, and an ex-
ercise sheet every week and ends with a written exam. A lab
course accompanies the experimental physics courses. In the
lecture-free time between the first and second semester, there
is a programming course. Before the first semester, students
can optionally attend a pre-course and an orientation week for
onboarding. The structure of the physics teacher program is
slightly different as they have a second study subject.

The survey was conducted in three consecutive semesters
as part of the basic courses Experimental Physics and Mathe-
matical Methods in Physics. In winter semester 21/22 (10/21-
03/22) and summer semester 22 (04/22-09/22), data was col-
lected from a cohort A of students in their first and subsequent
second semester, in the following referred to as groups A1
and A2. In winter semester 22/23 (10/22-03/23), the next co-
hort B of first-semester students was studied, in the following
referred to as group B1. Examining these three groups allows
us to compare how stress perception differs between the first
and second semesters and between two different cohorts.

As far as possible, data was collected via an online sur-
vey tool during the lectures within a short break, so that the
students could participate in the survey immediately and re-
peatedly. This mode of data collection was possible since one
of the co-authors (PK) was the responsible lecturer in all in-
vestigated courses. Depending on the response rate during the
lectures and in particular beyond the lecture times, the online
survey link was sent to the students via e-mail to ask for par-
ticipation. For group A1 during lecture times, additionally, a
paper version was used in the beginning. However, for eco-
nomic reasons and to enable data collection from students not
regularly present on campus (e.g., during lecture-free periods
or due to the COVID-19 pandemic), we subsequently transi-
tioned to online surveys. This approach was adopted for all
measurement with groups A2 and B1.

As shown in Figure 2, in the winter semesters (groups A1
and B1), data was collected weekly in the two pre-course
weeks and the orientation week, in each of the 14 lecture
weeks, during the Christmas break, and partly bi-weekly in
the exam weeks and the lecture-free weeks thereafter. In sum-
mer semester 22 (group A2), data was collected during the
14 lecture weeks, once during the exam period, and partly bi-
weekly in the lecture-free weeks thereafter; there was no pre-
course or break during lecture time in that semester. This data
collection scheme resulted in a total of 67 measuring points,
23 for group A1, 21 for group A2, and 23 for group B1.

Pseudonymous codes were used to link responses from dif-
ferent measuring points. Potentially misspelled codes were

matched if three out of four code elements were the same
and if there was no obvious reason why these codes could
not belong to the same person. Table II shows the number of
matched codes, i.e., the number of participating students in
the three groups and available demographic data. 116 to 164
codes were identified per semester, and demographic data is
given for 88 to 134 codes. On average, 87% of the participants
were in their first respectively second semester, 75% physics
majors, 18% physics teacher training, and 7% other students.
24% were female. Overall, most of the registered partici-
pants can be attributed to our primary target group, physics
Bachelor and teacher training students in their first or second
semester, so we subject the entire dataset to further analysis.
The number of participants for each measuring point is given
in Figure 4. The complete quantitative dataset is available as
supplemental material.

B. Instrument

1. Overview, structure, and items

The main instrument (cf. Table V in the appendix) is
the German version of the PSQ [44] in its original formula-
tion. Although it has not been used specifically for first-year
physics students yet, the questionnaire has already been vali-
dated and used for students of other subjects. All items can
also be interpreted within the context of studying physics,
e.g., "You feel that too many demands are being made on
you." (worries) or "You feel under pressure from deadlines."
(tension). To provide a reference point, the questionnaire in-
structed the students to relate the items to their current situa-
tion of studying physics. Like Refs. [48, 79], we used a six-
point rating scale instead of the original four-point rating scale
to enhance resolution for repeated measurements. In the on-
line survey, items were presented in randomized order. In ad-
dition to this slightly adapted PSQ, students should assess the
workload they had spent on their studies in the past week and
were asked to indicate up to three stressors that are currently
most relevant to their stress perception in open-text fields.

2. Instrument characterization

In Figure 3, the distribution of the total perceived stress
score across all participants and measuring points is displayed
(N = 3, 206 observations). It shows that students reported
perceived stress across the entire scale from 0 to 100, with an
average of M = 50.3 (SE = 0.34, SD = 19.5). Visual in-
spection of empirical and theoretical cumulative distribution
function (cf. Figure 11 in the appendix) and D’Agostino test
of skewness (skew = −.078, z = −1.80, p = .071) show
that this distribution can be considered normal.

To assess the internal consistency, Cronbach’s alpha was
calculated for a focus sample, Pre1 of groups A1 and B1
(N = 196 students), because these two measuring points are
considered the least influenced by the study program as data
was collected only a few days after students entered university
and the actual lecture time had not started yet. It is α = 0.89
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1st semester (winter) 2nd semester (summer)

Experimental Physics I (mechanics)

Mathematics for Physicists I
Or: Differential and integral calculus I

Experimental Physics II (electromagn.)

Mathematics for Physicists II
Differential and integral calculus II

Mathematical Methods in Physics Analytical Mechanics

Programming course

OrientationPre-Course

FIG. 1. Structure of the first and second semesters of the physics Bachelor study program at the University of Göttingen.

Group A1 Group A2

Group B1

Pre 1,
Pre 2, OW LW 1–9 X-mas LW 10–14 EW 1 & 2 Free 1–3 LW 1–14 EW 1 Free 1–6

Pre 1,
Pre 2, OW LW 1–9 X-mas LW 10–14 EW 1 & 2 Free 1–3

FIG. 2. Overview of the data collection procedure for groups A1, A2, and B1 in the 1st semester (light gray) and 2nd semester (dark gray).
(Pre = precourse, OW = orientation week, LW = lecture week, EW = exam week, Free = lecture-free week, and X-mas = Christmas break)

FIG. 3. Total score of perceived stress distribution based on the
complete dataset (N = 3, 206) with a normal distribution (M =
50.3, SD = 19.5); this includes multiple responses from the same
student at different measuring times.

which is sufficiently satisfactory and in accordance with refer-
ence values by Ref. [44] with α = 0.83 for N = 246 medicine
students at the beginning of their semester and α = .85 for the
total sample group (N = 650) in that study.

3. Data interpretation

A common approach for interpreting PSQ data, as em-
ployed by Refs. [51, 80, 81], is based on the mean and stan-

dard deviation of the usually single measuring point. A total
score ≤ M + 1 SD is interpreted as a mean stress level, a
score > M + 1 SD as a slightly increased stress level, and
> M + 2 SD as a high stress level. To allow for a simi-
lar interpretation of the Göttingen data while accounting for
repeated measurements, we derive these intervals from the fo-
cus sample with a total stress score of M = 35.7, SD = 14.7.
Consequently, we interpret total stress scores between [0, 50]
as a mean, between (50, 65] as a slightly increased, and be-
tween (65, 100] as a high stress level.

C. Method of data analysis

1. Quantitative data - stress perception & workload (RQs 1 & 2)

Since not every student responded to the survey at every
measuring point, PSQ and workload data are further pro-
cessed for statistical analysis. For this, we focus on the pre-
course, orientation week, and lecture weeks due to the sig-
nificantly lower participation rates during Christmas breaks,
exam weeks, and lecture-free weeks (cf. Figure 4). This is
also supported content-wise as the lecture time is the most rel-
evant phase during the semester and its requirements and cir-
cumstances are more similar among the students compared to
the lecture-free time. To further deal with missing responses
during the selected measuring points, we applied data smooth-
ing by combining three consecutive weeks, resulting in five or
six corresponding measuring periods for the summer and win-
ter semesters, respectively: Period 0 is Pre1, Pre2, and OW,
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TABLE II. Sample overview. The total number of participants is the aggregation of all different codes registered at any measuring point. Some
codes were provided with slight variations; these were matched and considered as a single code to ensure accuracy in data representation.

Group A1 Group A2 Group B1
Investigated group Cohort A, 1st semester Cohort A, 2nd semester Cohort B, 1st semester
Investigated course Mathematical Methods in Physics

in winter semester 21/22
Experimental Physics II in summer
semester 22

Experimental Physics I in winter
semester 22/23

Total number of registered, matched codes 145 116 164
Demographics available 107 88 135
of which are in 1st resp. 2nd semester 97 64 125
of which are physics major 83 66 99
of which are teacher training students 18 15 25
of which are female 25 26 28
of which are of divers/unstated gender 3 1 7

period 1 is LW1-LW3, period 2 LW4-LW6, period 3 LW7-
LW9, period 4 LW10-12, and period 5 LW13-LW14. They are
gray-shaded in Figures 4 and 5. For each period, we average
up to three available total stress scores gathered during these
periods individually for each participant. Additionally, if stu-
dents did not participate in only one single measuring period,
the mean of the corresponding measuring period is imputed
for the missing value. In total, we obtain 52 complete datasets,
i.e., five/six stress scores representing all measuring periods in
the pre-lecture and lecture time for group A1, 54 for group A2,
and 76 for group B1. When matching groups A1 and A2 be-
ing the same cohort of students, 39 complete datasets remain.
The same procedure for smoothing the data was analogously
applied to the workload data.

The processed datasets (cf. Figures 12 and 13 in the ap-
pendix) were statistically analyzed to compare stress percep-
tion and workload between the three groups and to examine
the progression over the semester. A mixed ANOVA was used
to compare groups A1 and B1 (cohort A vs cohort B) with
the group as between-subject and six measurement periods
as within-subject factor. Repeated measure ANOVAs were
used to compare groups A1 and A2 (first vs second semester)
with eleven measurement periods for the matched sample of
N = 39 students and to analyze the changes over the five/six
measurement periods in the first and second semesters. Ac-
cording to Shapiro-Wilk tests for each group of interest, data
is normally distributed in most periods but extreme outliers
were found in several periods for the workload data, so a 90%
winsorization was applied for workload data. For the mixed
ANOVA, the homogeneity of error variances and covariances
was checked by Levene’s and Box’s test which was given ex-
cept the homogeneity of covariances for the total stress score
(p = 0.011). For the ANOVAs, Greenhouse-Geisser ad-
justment was applied due to the lack of sphericity shown in
Mauchly tests. In case of significant temporal evolution, a
Bonferroni-adjusted post-hoc analysis was conducted.

2. Qualitative data - stressors (RQ3)

Across all measuring points, students indicated 5,823 stres-
sors, 2,216 by group A1, 1,248 by group A2, and 2,359 by
group B1. The responses were subjected to a structuring qual-
itative content analysis leading to a category system summa-
rized in Table III; the full category system is available as sup-

plemental material. The analysis of the codings reveals the
most salient stressors in different phases of the semester.

The category system consists of three dimensions, each
subdivided by categories and, in some cases also subcate-
gories. These dimensions describe whether the stressors are
primarily related to the university and the students’ studies
(U), primarily private (P), or globally affect both the uni-
versity and private sphere (G). The university-related dimen-
sion is further divided into eleven categories. Some of them
describe typical activities of studying physics, i.e., writing
lab reports (U6), preparing and following up the lectures
(U7), understanding the lecture contents (U8), solving reg-
ular exercise sheets (U9), or preparing for and writing ex-
ams (U10). Further categories acknowledge the conditions
of study (U1) for which the university holds responsibility,
challenges related to the transition from school to univer-
sity in the first semester respectively the transition from one
semester to the other (U2), the overall organization of one’s
own study program (U3), the individual everyday study rou-
tine closely linked to the time management (U4), and the
study-related self-regulation (U5) about motivation, emotions,
thoughts, doubts, etc. Moreover, there is a category desig-
nated for all courses and subjects that are mentioned with-
out specifying (U11) the precise underlying stressors involved.
There is also a category designated for a project group work
(U12) that was newly introduced in the winter semester 22/23.
The private dimension is divided into three categories ad-
dressing everyday demands (P1) like household, private ac-
tivities, etc., the private social environment (P2) and relation-
ships as well as illness (P3). The global dimension is divided
into four categories related to the financing of one’s studies
(G1), fears/uncertainties about general future prospects (G2),
the COVID-19 pandemic (G3), and the work-life balance (G4)
including relaxation. In an additional miscellaneous dimen-
sion/category, all further responses can be categorized that
cannot be definitely assigned to the previous categories due
to their lack of specificity or rarity.

To assess the reliability of the category system, an inter-
rating was conducted involving the first author (rater 1) and
three 2nd to 3rd-year teacher training students (raters 2 to
4) to integrate the student’s perspective in the data analysis.
Around 31% of the responses were subjected to the interrat-
ing, with careful attention to ensure a balanced distribution of
data across different measuring points in the semester and the
three groups. Initially, each rater independently coded sub-
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TABLE III. Overview of the category system for the stressors listed by the students in open text fields. It consists of three dimensions (univer-
sity, global, and private) and categories plus miscellaneous. The full category system including subcategories, more detailed descriptions, and
anchor examples is available as supplemental material.

Category Short description
University
U1 Conditions of study General (study) conditions at university, in particular, university guidelines, structures, (information) offerings as

well as the university’s personnel and material resources
U2 Transition from school to univer-

sity or start of semester
Transition from school to university or the transition from the semester break to the new semester, for example, a lack
of prior knowledge, catching up on school material or material from the previous semester, or finding study groups

U3 Study organization Individual organization of one’s own studies, i.e., planning and structuring a semester or the entire course of study
U4 Individual everyday study rou-

tine/time management
Daily study routine, in particular individual weekly planning and time management

U5 Study-related self-regulation Fears, insecurities, or pressures directly related to one’s studies, including motivational factors and strategies
U6 Lab reports Writing the lab reports/protocols as part of the physics lab course: requirements, number, scope, or deadlines, or

unspecific
U7 Preparation and follow-up of

lectures
Any work in addition to exercise sheets, etc. that serves to improve understanding of the lecture content and close
gaps in knowledge

U8 Lecture contents Subject matter in the lectures: novelty, difficulty, quantity, pacing, or unspecific
U9 Exercise sheets Weekly exercise sheets (problem sets): difficulty, quantity, or unspecific
U10 Exams & exam preparation Exam admission & exam preparation, exam phase in particular, or fear/anxiety of exams
U11 Unspecific mention of courses &

subjects
Unspecified stress caused by their subject or courses attended, divided after math, physics, and lab courses, the pre-
course, and other subjects/courses

U12 Project group work Stressors related to undergraduate research projects newly introduced only for group B1
Global
G1 Financing of studies Burden concerning the own financing, including employment and general financial worries
G2 Future prospects Study-unrelated (unspecific) fears, worries, and uncertainties regarding the prospects for the present and future
G3 Covid-19 pandemic Burden that is directly related to the Covid-19 pandemic
G4 Work-life balance Strain on one’s personal work-life balance, referring to private opportunities for relaxation or, conversely, when

private obligations interfere with studies (in terms of time)
Private
P1 Everyday demands Burden caused by the demands of daily everyday life, including factors and especially activities related to (new)

household management and living arrangements as well as extracurricular commitments, activities, and hobbies
P2 Private social environment Social contacts in their personal environment or the establishment of a new social environment, including family,

friends, and private contacts
P3 Illness Temporary or long-term, physical or psychological illness including unspecific descriptions of a poor state of health
Miscellaneous Stressor that does not fall under one of the other categories or cannot be meaningfully assigned

samples of responses. Then, differences in the ratings were
discussed in the group of each three participating raters. Ta-
ble IV presents Cohen’s kappa for two and Fleiss’ kappa for
three raters before (κpre) and after (κpost) discussion of cod-
ings on the subcategory level of the category system. All
κpre-values, except the Fleiss’ kappa for group B1, exceed the
threshold of 0.61 indicating substantial agreement; all κpost-
values surpass the threshold of 0.80 and can therefore be inter-
preted as almost perfect [82]. The discussions led to various
minor refinements of the category system including clarifica-
tions and delimitations between the categories that have been
implemented in the current category system and codings.

IV. RESULTS

A. Trajectory of perceived stress (RQ1)

Figure 4 shows the trajectory of perceived stress, i.e., the
average stress level of all participating students for each mea-
suring point on the scale from 0 (min.) to 100 (max.) over
the semester for the groups A1, A2, and B1. Apparently,
the three trajectories exhibit a similar pattern. In the winter
semesters (groups A1 and B1), students start with a perceived
stress level of around 35 in the pre-course. In the first four to
five lecture weeks, the stress level increases in all groups to a

TABLE IV. Cohen’s κ for two raters and Fleiss’ κ for three raters,
measure the agreement on approximately 31% of the mentioned
stressors coded using the category system before (κpre) and after
(κpost) discussions among the raters of the interrating. Rater 1 was
the first author, and raters 2 to 4 Bachelor teacher training students.
According to Ref. [82], values between .61 and .80 are substantial,
higher values are almost perfect.

Comparison Group A1 Group A2 Group B1
κpre κpost κpre κpost κpre κpost

Rater 1 vs 2 0.80 0.92
Rater 1 vs 3 0.78 0.92 0.76 0.97
Rater 2 vs 3 0.76 0.91 0.71 0.93
Rater 1 vs 2 vs 3 0.71 0.88
Rater 1 vs 4 0.79 0.95
Rater 3 vs 4 0.74 0.96 0.70 0.95
Rater 1 vs 3 vs 4 0.68 0.95
Rater 2 vs 4 0.72 0.94
Rater 2 vs 3 vs 4 0.59 0.90

level of around 55, a level sustained with minor fluctuations
until the exam weeks. After the exams, the stress level de-
creases even below the starting level down to around 20 to 30.
In group A1, the stress perception also diminishes during the
Christmas break. In group A2, measuring points in the later
lecture-free time indicate a minor increase in the stress level.
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1. Differences between the three groups

For groups A1 and B1, both cohorts in their first semester,
a mixed ANOVA supports the impression that the course of
stress perception is similar for both groups. There are neither
interaction effects between the measuring period and group
(F (4.2, 526.1) = 1.3, p = 0.26, η2P = 0.01) nor differ-
ences between the groups (F (1, 126) = 0.5, p = 0.48,
η2P = 0.003). Thus, we merge the datasets of groups A1
and B1 when analyzing the temporal progression of perceived
stress throughout the first semester in the next section.

For the matched sample of groups A1 and A2, a re-
peated measure ANOVA shows a significant temporal evo-
lution of the perceived stress within the two semesters
(F (5.7, 215.6) = 40.0, p < 0.001, η2P = 0.51). Post-hoc
analysis, where we first focus on a comparison of correspond-
ing measurement periods, shows different levels of perceived
stress between the semesters during period 1 but equal stress
levels thereafter. The total stress score in period 1 of group A2
is significantly lower than the score in period 1 of group A1
(p = 0.003) but still statistically equal to period 0 of group A1
(p = 1.0). For all further measuring periods, the level of
perceived stress during corresponding periods is statistically
equal (p = 1.0 for periods 2-4; p = 0.145 for period 5).

2. Differences between different phases of the semester

The level of perceived stress increases throughout the
course of both the first and second semesters. Repeated mea-
sure ANOVAs show significant variation of the total stress
score with similar effect size (first semester, i.e., groups A1
and B1 combined: F (4.2, 529.1) = 137.1, p < 0.001,
η2P = 0.52; second semester, i.e., group A2: F (2.8, 149.4) =
41.1, p < 0.001, η2P = 0.44). For the first semester, post-hoc
analysis (cf. p-values in Table VI in the appendix) shows that
the perceived stress during periods 0 and 1, i.e., between pre-
lecture time and the first lecture weeks differs significantly
from one another as well as from all further periods in the lec-
ture time (p < 0.001). Thereafter, no significant differences
between the periods occur. Thus, in the first semester, the
level of perceived stress increases during the beginning of the
semester but reaches a constant plateau after only three lecture
weeks. Similarly, within the second semester, the stress level
in period 1 significantly differs from all further measuring pe-
riods. Additionally, the stress score in period 5 is significantly
higher than in periods 2 and 3 (p < 0.001), i.e., unlike for the
first semester, the stress perception continues to rise in the last
two lecture weeks of the second semester.

B. Workload (RQ2)

Figure 5 shows the weekly study-related workload in hours,
according to the students’ self-estimation over the semester.
Similar to the perceived stress, the three groups report simi-
lar workloads in corresponding semester weeks. During the
pre-course in the first semester (groups A1 and B1), students
spend around 20 h on their studies. Over the first four to six

lecture weeks, this workload strongly increases up to a level of
around 50 h per week. This level persists until the end of the
exam weeks, after which the workload drops back to a level
of around 20 h or even lower. During the Christmas break,
students report a much lower workload of around 20 h.

1. Differences between the three groups

Comparing the workloads of groups A1 and B1, a mixed
ANOVA shows neither interaction effects of temporal evolu-
tion and group (F (4.1, 518.1) = 2.2, p = 0.06, η2P = 0.02)
nor group effects (F (1, 126) = 2.8, p = 0.098, η2P = 0.02).
Consequently, we again combine the data from groups A1 and
B1 when analyzing temporal effects in the next section.

For the matched sample of groups A1 and A2 a repeated
measure ANOVA shows a significant temporal effect of the
workload (F (6.3, 241.1) = 108.5, p < 0.001, η2P = 0.74).
A post-hoc analysis reveals that period 1 of group A2 signifi-
cantly differs from all other measuring periods (p < 0.02). In
particular, this implies that the average workload in period 1 of
group A2 is significantly lower than the workload in the corre-
sponding period of group A1 but still significantly higher than
the reported workload in period 0 of group A1. We do not find
any significant differences between the reported workload of
further corresponding measuring periods within the course of
the semester (p > 0.9 in all pairwise comparisons).

2. Differences between different phases of the semester

A repeated measure ANOVA of the reported workload data
for the first semester, i.e. within the combined groups A1 and
B1, reveals significant changes in the workload throughout the
lecture weeks (F (4.1, 521.3) = 405.3, p < 0.001, η2P =
0.76). Post-hoc pairwise comparisons (cf. Table VI in the ap-
pendix) show that the pre-lecture period 0 and the period 1
significantly differ from one another as well as from later pe-
riods (p < 0.001). Moreover, periods 3 and 4 (p = 0.002)
and periods 4 and 5 (p = 0.002) significantly differ from one
another, where the mean reported workload in period 4 is be-
low the reported values in the adjacent measuring periods. All
other reported values are statistically comparable.

For the second semester, i.e. group A2, a repeated measure
ANOVA reveals a significant change in the reported workload
within the lecture time (F (3.4, 181.6) = 111.7, p < .001,
η2P = 0.68). Post-hoc analysis shows that the workload in
period 1 significantly differs from all later measuring periods
(p < 0.001). Moreover, period 5 significantly differs from
both period 2 (p = 0.024) and period 3 (p = 0.030). None of
the further pairwise comparisons gets significant (p > 0.60).

3. Correlation between perceived stress and workload

The repeated measure correlation [83] between the total
stress score and the reported workload was calculated across
all measuring points and all groups, i.e., N = 3, 206 cases. It
is rrm(2824) = 0.62, CI 99% [0.59, 0.65], p < 0.001.
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C. Stressors contributing to the stress perception (RQ3)

1. Total frequency of various stressors

Figure 6 presents the percentage of codings per category
separately for each group. In all three groups, the category
exercise sheets (U9) is mentioned most frequently with a share
of 15% to 21%. The second and third most common stressors
with a share of 9% to 15% are the categories exams & exam
preparation (U10) and unspecific mention of courses/subjects
(U11), i.e., a course or subject was mentioned without further
information about the underlying stressors. Altogether, these
three categories represent 35% to 49% of all responses in the
three groups. All further categories were coded less frequently
for up to 8% of all responses per group. Every category was
used in at least 1% of the codings for one group, 16 out of 20
categories even in at least 3% of the codings for one group.

Table VII in the appendix and, as a summary, Figure 7 pro-
vide more details for the frequent categories (U9) and (U11)
by further subdividing the codings according to the linked
courses. Regarding the exercise sheets (U9), 57% of all coded
responses do not specify the course associated with the exer-
cise sheet. Out of the remaining responses, 77% pertain to
math courses thereby showing significantly less association
with physics courses. For groups A1 and A2, the exercise
sheets in the course Mathematics for Physicists are predom-
inant, accounting for 85% and 67%, respectively, of all re-
sponses with identifiable courses. In group B1 the exercise
sheets for the courses Mathematics for Physicists, Differential
and integral calculus and Experimental Physics I are men-
tioned with similar frequency, ranging from 31% to 36% of
all responses with identifiable courses.

Likewise, the unspecifically mentioned subjects/courses
(U11) can be further delineated. Across all three groups, 44%
of the codings categorized as (U11) are associated with math
courses and 32% with the physics lab course, whereas physics
and all further courses have a significantly smaller represen-
tation. In groups A1 and A2, Mathematics for Physicists
emerges once more as the most frequently mentioned course
(47% resp. 39% of all responses) followed by the physics lab
course (22% resp. 33%); all other courses are mentioned in
less than 10% of the responses. In group B1, the physics lab
course is most frequently listed (45% of all responses), with
other courses (e.g., those for higher years of study or in the
second subject for teacher training students) occupying the
second position (19%). Here, Mathematics for Physicists is
ranked third, accounting for only 11% of the responses.

In summary, this shows that the math exercise sheets, the
math courses itself, in particular Mathematics for Physicists,
and the physics lab course are the most frequently listed exer-
cise sheets/courses in the codings of (U9) and (U11).

2. Shift in the frequency of the stressors over the semester

Figure 8 shows how many codings were made in each di-
mension of the category system for each measuring point for
groups A1, A2, and B1. Here, 100% represents the scenario
where every participant would have named three stressors
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FIG. 6. Percentage of codings per category across all measuring
points for groups A1 (2,216 codings), A2 (1,248 codings), and B1
(2,359 codings), i.e., cohorts A and B in their first or second semester.

each. Consequently, the light gray area illustrates the percent-
age of open text fields at each measuring point that were left
blank by the students. Thus, the figure shows that the relative
number of reported stressors varies throughout the semester.
On average, students reported 1.7 out of a maximum of three
stressors per measuring point. During the 42 LW measuring
points, they reported on average M = 1.9 (SD = 0.2) stres-
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math, physics, or lab courses as well as all unspecified or further courses. Absolute numbers are given in brackets.

sors and therefore significantly more than in the 25 other mea-
suring points in other phases of the semester with M = 1.4
(SD = 0.4) stressors (Welch’s t-test, p < 0.001, d = 1.7).
University-related stressors predominate throughout the entire
semester, with 60% to more than 90% of all stressors at each
measuring point being associated with this dimension. The
only exceptions are the pre-course and the orientation week
when students were just entering the university and also had
to deal with many private and global stressors.

Figure 9 shows the percentage of specific university-related
sources of stress mentioned throughout the semester for
all three groups. This uncovers distinct phases within the
semester in which different stressors become more or less
sigificant. Throughout the lecture weeks, the lecture contents
and the preparation/follow-up of lectures are frequently men-
tioned. At the same time, also the exercise sheets are men-
tioned with a strongly increasing percentage in the first two
to three lecture weeks and a nearly steady decline over subse-
quent weeks. Instead, from the middle of the lecture time,
the lab reports and the preparation of exams begin to gain
significance. The latter becomes the dominant stressor at the
end of the lecture time and during the exam phase. Over the
whole lecture time and the lecture-free time thereafter, further
courses and subjects are unspecifically mentioned which, as
described above, are mostly mentions of the math courses and
the lab course during the semester and specific courses (e.g.,
a programming course) in the lecture-free time.

3. Correlation between perceived stress and number of stressors

The repeated measure correlation [83] between the total
stress score and the number of mentioned stressors (0 to 3)
per participant and measuring point across the total dataset is
rrm(2868) = 0.62, CI 99% [0.24, 0.33], p < 0.001.

V. DISCUSSION

A. Discussion of findings according to RQs

1. Trajectory of perceived stress (RQ1)

We can find a characteristic trajectory of perceived stress
similar for the first and second semesters and different co-
horts of physics students. The similarity of stress perception
between the groups A1 and B1 shows that the stress percep-
tion in the first semester seems to be comparable on the co-
hort level. The similarity of the stress perception between
groups A1 and A2 might be traced back to similar structures
of the first and second semester, e.g., comparable courses and
schedules. The significantly lower stress level in period 1
of group A2 could be explained by the fact that most of the
students in group A1 had somehow already started with the
semester due to the pre-course and orientation week before
while the students in group A2 had just started in the new
semester during that time as they had a lecture- and largely
exam-free time the weeks beforehand.

Regarding the different periods within the semesters, three
observations are interesting: First, the pre-course and the ori-
entation week were perceived as less stressful than the lecture
weeks which can be explained by the different structures and
amount of tasks and demands during these two specific pe-
riods within the first semester. Second, the stress perception
in the first weeks of the lecture-free time seems to be lower
than the initial value in the pre-course for all three groups.
This might be explained by a kind of relaxation effect that the
students feel relieved after they have written the exams. The
slight increase in stress perception in later lecture-free weeks
could then be explained with a reduction of this relaxation
effect in combination with the second exam phase for some
of the students and additional courses like the programming
course during that time. Third, the stress perception is lower
for group A1 during the Christmas break in comparison to the
lecture weeks before and after but not for group B1. This can
have various reasons including the fact that primarily students
respond to a university-related online survey during vacation
time (some students even participated on Christmas Eve) if
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FIG. 8. Percentage of stressors listed by the students per each measuring point for all investigated groups, broken down according to the
dimensions of the category system (university, global, private, and miscellaneous, cf. Table III). The light grey area "no (further) stressors"
represents the percentage of open text fields that remained empty when a participating student listed no or less than three stressors per measuring
point; by this, the graph also comparably visualizes how many stressors were listed per each measuring point.

FIG. 9. Percentage of stressors listed by the students per each measuring point for all investigated groups, broken down according to specific
categories of the university dimension of the category system (cf. Table III). In dark gray, the codings of all remaining categories are sum-
marized. The light gray area "no (further) stressors" represents the percentage of open text fields that remained empty when a participating
student listed no or less than three stressors per measuring point.

they are somehow thinking of the university during that time.
Anecdotal reports by some students reveal that stress percep-
tion then was caused by the conflict between the desire for va-
cation and recreation on the one hand and the list of outstand-
ing tasks for their studies in their minds on the other hand.

In Figure 10, we compare selected measuring points from
the Göttingen dataset with findings from studies listed in Ta-
ble I that have also used the PSQ with students. These com-
parisons need to be done with caution as the cited studies used
different versions of the PSQ regarding language, number of
items, or rating scale and were conducted in different coun-
tries, years, and among varying groups of students. However,
the comparison reveals remarkable dynamics in the Göttin-
gen dataset since the measuring points with the minimum and
maximum total stress score (Free3 of group B1 and EW1 of

group B1) under- and over-exceed all stress scores we can
find in the literature and differ significantly from each other
(Welch’s t-test t(7) = 6.16, p < 0.001, d = 3.1). The score
of the focus group, the first measurement Pre1 for groups A1
and B1, is still very low in comparison to the comparative
data. The average stress score during LW4 to 14 excluding
the Christmas break (i.e., periods 2-5) for groups A1 and B1
(average of the mean stress score of every participating per-
son during the considered measuring points) is much higher
than most of all comparative scores in literature, in particu-
lar the Göttingen focus group (Welch’s t-test t(416) = 14.94,
p < 0.001, d = 1.4) and the highest score at the end of the
semester measured by Ref. [48] (Welch’s t-test t(284) = 6.48,
p < 0.001, d = 0.3). The latter is remarkable as the score by
Ref. [48] is the best to be compared with our study as the
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Education, undergraduate, Spain [58]
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Across all subjects & years of study, Germany, mid of semester [48]

Medicine, 2nd year, Germany [53]

Education, various years of study, mid of semester [49]

Across all subjects & years of study, Germany, end of semester [48]

Across all subjects & years of study, UK [55]

Education, various years of study, end of semester [49]

Across all subjects & years of study, Germany [50]
Average Gö of LW4-14 of groups A1 & B1 (N=228)

Undergraduate health/activity, US [54]
Absolute maximum Gö, EW1 of group B1 (N=23)

Total perceived stress score (M & SD)

FIG. 10. Comparison of selected total perceived stress scores (mean and standard deviation) from the Göttingen dataset highlighted in bold
and with the abbreviation Gö with comparative data from the literature as summarized in Table I.

same PSQ version also with a six-point rating scale was used
at a German university in a similar period (summer semester
2020). But still, our findings are in accordance with Ref. [48]
regarding that they also identified an increasing stress percep-
tion within the first half of the lecture time with no significant
changes thereafter until the end of the lecture time.

A similar impression of the physics students’ stress lev-
els can be derived by facing the statistically significant dif-
ferences between the different measuring periods reported in
Sec. IV A 1 and by using the scheme for data interpretation
from Sec. III B 3. This leads to the observation that the in-
vestigated students report, again on average, a slightly in-
creased stress perception during most of the lecture time in
comparison to pre-course level. This classification needs to
be treated with caution, especially for measurements in later
lecture weeks, as the students’ interpretation of the used items
and scale might change over time depending on the current
stress perception and underlying stressors.

Nonetheless, the comparison within the Göttingen dataset
and with reference data show that physics students feel, on
average, stressed during the lecture and exam phase implying
that many students even feel very stressed during that time.

Such a persisting rather high stress level might be considered
es endangering.

2. Workload (RQ2)

The quantitative analysis shows that the workload over the
semester is equal for different cohorts and similar for the first
and second semesters. Only in period 1, group A2 reports a
lower workload than group A1 due to the workload of group
A2 being significantly lower at measuring point LW1. As for
the total stress score, this can again be attributed to the stu-
dents starting into their second semester with a lower work-
load as the previous week was still lecture-free time, while
groups A1 and B1 already had the pre-course and orienta-
tion week before. In the first lecture weeks, the weekly study
workload sharply increases leading to a stable plateau of about
50 h during most lecture weeks, 25% higher than a typical
full-time job. Some students even report workloads exceeding
70 h in some weeks. During the Christmas break and lecture
period 4 thereafter, the reported workload considerably de-
creased since students naturally spend less time on their stud-
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ies during Christmas break. Only during the pre-course and
the lecture-free time after the exams, a workload of less than
40 h, similar to a full-time job, is reported.

The exact workload measures and the comparison with a
full-time job need to be treated with caution as self-estimation
of workload based on single-item questions is prone to various
distorting effects like social desirability, conformity pressure,
and an unconscious orientation at the well-known amount of
40 h for a typical working week [75]. Further, students may
estimate their workload differently, e.g., by estimating only
the actual time spent on their studies or including the time
for breaks, commuting, etc., and, especially during the Christ-
mas break, only those students participate in the survey who
are reading their university e-mails during vacation. All these
reasons might explain why the workload estimated by the Göt-
tingen students is so much higher than the expected real work-
load from the time budget study by Ref. [75] even though they
have not investigated any physics study program.

Despite the absolute values, the trend in the Göttingen data
follows work by Thiel et al. (2006, cited after Ref. [75]) that
the daily measured workload in a physics study program is
significantly higher during the lecture than the lecture-free
time with just a bit more than 20 h/week. However, also in that
study, the workload is mostly below the set point of 40 h/week
and exceeds this value only in three to four lecture weeks. Av-
erage workloads of more than 50 h/week were only reported
for two lecture weeks in a chemistry study program, so abso-
lute values in our study are similar for lecture-free time but
not for lecture weeks.

All in all, the comparison with reference data suggests that
the Göttingen students might have noticeably overestimated
their study-related workload but the extent of overestimation
is difficult to determine. However, the dynamics within the
estimated workload between different phases of the semester
are remarkable leading to the conclusion that the workload is
not similarly spread over the full semester (lecture vs lecture-
free time); resulting peak loads might cause additional stress.

3. Stressors contributing to the stress perception (RQ3)

The analysis of the open text fields reveals that the stu-
dents’ stress perception is caused by several university-related
and non-university-related stressors but most of them can be
assigned to the university dimension. The predominance of
university-related stressors in overall stress perception is prob-
ably influenced by the method of data collection, typically
conducted within lectures, and the explicitly mentioned con-
text of physics studies. However, the significant impact of
these academic stressors on total stress perception should not
be overlooked. Strong indicators for this are the fact that the
number of listed stressors mentioned per participant during
the lecture time is significantly higher than in other phases of
the semester and that this number of listed stressors correlates
with the total stress score. This is also in line with the find-
ings of Ref. [60] that studying is the area of life that is most
frequently perceived by students as a strong stressor.

The category system in Table III, which was inductively de-
rived from the dataset, consists of many categories that can be

linked to the state of research [12, 13, 60, 65, 70]. For exam-
ple, financing of studies (G1) including jobbing and private
social environment (P2), in particular family, can be found
in Refs. [13, 60, 65]. Everyday demands (P1) are very sim-
ilar to dimensions like household and housing situation in
Ref. [60], illness (P3) was also mentioned by Refs.[13, 70].
Future prospects (G2) resembles that students often associate
stress with fear of the future and uncertainty [60]. Work-life
balance (G4) picks up the conflicts between the studies and
private interests mentioned by Ref. [65] as well as the area of
leisure in Ref. [60]. Regarding the university-related dimen-
sion, many stressors can be linked to the work by Ref. [70],
for example the labs (U6), the exams (U10), self-study related
categories like preparation and follow-up of lectures (U7), or
the level of difficulty which is part of the categories lecture
contents (U8) and exercise sheets (U9). The importance of the
conditions of study (U1) was highlighted by Refs.[12, 13, 65],
the relevance of time pressure and high quantitative demands,
cf. individual everyday study rountine/time management, by
Refs. [60, 70]. The study-related self-regulation (U5) can be
compared with the self-concept of ability in Ref. [65].

The findings presented in Figure 6 show that the exercise
sheets (U9), the exams and exam preparation (U10), and the
unspecific mention of courses and subjects (U11) dominate
the university-related dimension of stressors with a share of
9% to 21% of all responses per group over the entire semester.
Here, the importance of the two main assessment formats
of studying physics becomes prominent, the weekly exer-
cise sheets and the actual exams. The exercise sheets con-
sist of a set of often rather difficult problem-solving tasks that
require rather time-consuming work, often in small groups.
They are not only important for understanding and practic-
ing the new lecture content knowledge but also for the ac-
quisition of the exam prerequisite. The current data do not
explain why categories (U9) and (U11) are mentioned so of-
ten. Possible reasons are their exam nature that might be re-
lated to a stronger stress perception but also the actual work-
load since physics students usually spend most time during
the semester on the weekly exercise sheets and later the exam
preparation. Supplementary, the in-depth analysis shows that
primarily the math exercise sheets and correspondingly the
math courses and physics lab courses coded in (U11) are more
stress-causing than the basic physics courses. This is in line
with former research [3, 12, 15, 16, 70] highlighting the dif-
ficulty and concurrently relevance of math for study success
among science students, as well as the relevance of lab courses
for the stress perception [70].

It is noteworthy that the Göttingen students never men-
tioned the voluntary exercise sheets in the calculus-based
course Mathematical Methods in Physics, and rarely men-
tioned the course itself. Instead, they frequently referred to
the more algebra- and proof-oriented courses Mathematics for
Physicists and Differential and integral calculus, which have
mandatory exercise sheets. This might be explained by the
type of course, calculus- versus algebra- and proof-oriented as
well as the obligation of the exercise sheets both influencing
the perception of the courses. The variations in the frequency
of Mathematics for Physicists and Differential and integral
calculus between groups A1 and B1 can thereby be attributed
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to different course selection behaviors.
It is quite surprising that the topic financing of studies

(G1) is rather rarely coded, although the financial situation is
one of the most important stressors for students according to
Refs [60, 65]. A plausible explanation is that while the financ-
ing of studies poses a long-term challenge for many students,
it may not be perceived as an urgent or acute problem in a
specific week compared to other university-related stressors,
leading to its less frequent mention in the limited open-text
fields of our study. In more detail, Figure 9 reveals that over
the semester, stable for both cohorts and similar for winter
and summer semesters, specific key stressors can be identified
that are more frequently reported. The characteristic progres-
sion of the categories exercise sheets (U9), lab reports (U6),
exams and exam preparation (U10), and the unspecific men-
tion of courses and subjects (U11) demonstrates that in differ-
ent phases of the semester, different stressors become more or
less relevant to the students. This seems to reflect the struc-
ture and local conditions of the semester at the University of
Göttingen, e.g., that the whole lecture time is accompanied
by weekly exercise sheets, the lab course with its experiments
and lab reports only starts in the middle of the semester, and
the lecture time is followed by the exams which need to be
prepared before. The findings are also in line with Ref. [70]
who identified the weekly exercise sheets and lab courses as
important stressors and a shift of stressors during the semester.

On a meta-level, the existence of characteristic stressors
for specific periods of the semester shows that the students
have an awareness of their own stress perception and stressors
during the semester and that the used open text field ques-
tion is suitable to reflect this. Thereby, the shifts in the im-
portance of specific categories over the semester must not be
over-interpreted because the students were able to state only
up to three stressors each, so only the most salient stressors
could be acknowledged. The sharp peaks and sinks in some
parts of the graph in Figure 9 can be neglected as they are only
due to low participation rates at these measuring points.

B. Integrative discussion & possible implications

In this study, we used three different measures, the PSQ,
the self-estimated workload, and open text fields for stressors
to investigate the first-year physics students’ stress perception.
The results and discussion show that all three measures give
a coherent and complementary picture of the stress percep-
tion. It is coherent as the self-estimated workload and the
number of listed stressors correlate with the total stress score
and somehow depict similar perceptions the students have.
The periods within the semester in which students have an
increased stress perception coincide with those in which they
also report, on average, weekly workloads exceeding those of
a typical full-time job. Further, the listed stressors shift over
the lecture time while the stress level and workload remain
on a stable level. It is also remarkable how similar the three
measures are when comparing the three groups, even though
the circumstances of each group slightly differ, e.g., by differ-
ent lecturers, the COVID-19 pandemic for group A1, or the
newly introduced project group work for group B1. The vary-

ing circumstances across the different groups likely balance
out, resulting in a similar level of stress perception at least at
the cohort level. The open-text responses further reveal that
the three groups report very similar stressors, mainly the exer-
cise sheets, math and lab courses, and exams. These elements
might dominate the overall stress perception, leading to com-
parable total stress scores and workloads across the groups.

The findings are complementary as all three utilized mea-
sures offer distinct perspectives on the students’ stress per-
ception, enriching the understanding of their experiences from
multiple angles. The quantitative data from the PSQ and the
workload estimations provide insights into the periods of in-
creased stress in the semester and serve as a benchmark for fu-
ture measurements. The qualitative data helps to explain why
the students perceive the physics study entry phase as stressful
and therefore serves as a basis for future improvements.

Several implications can be drawn from these observations.
Thereby, it is crucial to acknowledge that the high total stress
score, substantial workload, or particular stressors cannot and
should not be attributed to individual lecturers. All three types
of data should be viewed as the outcome of a complex in-
terplay of multiple, interrelated factors that collectively con-
tribute to this perception of stress. The data should also not be
interpreted as an argument for blindly simplifying the study
programs because students differentiate between stress per-
ceived as stimulating and enriching on the one hand and de-
structive and unnecessary on the other hand [65]. So, stress
and related efforts can also be perceived as challenging and
there is also the need for a certain workload and demand to
study physics. This highlights the importance of nuanced ap-
proaches to addressing stress within academic environments.

Instead, this work can be a starting point for discussing how
a study program can be designed that is both appropriately
demanding and educating but still not overwhelming for the
students. First, it can contribute to increasing awareness of
study-related stress and stressors and related aspects like men-
tal health among faculty staff, lecturers, and students. Sec-
ond, the findings can be used as an empirical basis for the
creation and implementation of tailor-made, timed supportive
measures as well as the discussion of institutional changes,
e.g., as part of reaccreditation procedures. Specifically, the
quantitative findings show which phases during the semester
are particularly challenging to the students and could therefore
be relieved and scaffolded by additional supportive measures.
The qualitative findings further reveal that university-related
stressors dominate the students’ stress perception which can
be seen as a good foundation for future supportive measures
since they can better be addressed by university faculty than
global or particularly private stressors. The codings show
what aspects/elements of the study program are central and
most stress-causing for the students in different phases of the
semester so that the most relevant stressors can be addressed
first and that measures can be timed to the phase during the
semester where these stressors become dominant. Third, this
data can also serve as a benchmark for the comparison with
other study programs and universities but also for the evalu-
ation of the effectiveness of newly introduced measures and
institutional changes with follow-up measurements.
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C. Limitations

Data collection was conducted at only one university. Open
text field responses show that some sources of stress and there-
fore maybe also the stress trajectory depend on local condi-
tions, study structures, and teaching practices. So, the extent
to which the stress perception and stressors are university-
specific or general remains uncertain. However, the similar-
ity between cohorts A and B suggests that findings might be
similar for study programs with a comparable study structure.

Furthermore, the mode of data collection may have influ-
enced the findings: In group A1, we used both paper and on-
line surveys, whereas we only used online surveys later. For as
many measuring points as possible, we collected data within
the lectures but depending on circumstances in the lectures not
always on the very same day of the week or just/additionally
online where participation was possible even for a longer pe-
riod of typically one week from the one to the following mea-
suring point. Both mechanisms led to elongated and some-
times varying periods of data collection. The exact day of
participation as well as the question of participation within
or outside the lecture might have influenced the instantaneous
stress perception and stressors students think of.

As depicted in Figure 4, the participation rate varied from
week to week. While, in tendency, more students partici-
pated in the first lecture weeks, the number of participants
decreased over the semester and was sometimes influenced
by specific incidents like canceled lectures (e.g., LW12 of
group A2). This trend aligns with the decreasing number of
students attending the lectures over the semester as particu-
larly students of higher semesters often skip lectures later in
the semester. So, we had the impression that the majority of
students who attended on-campus lectures also responded to
the survey. Further influences could have been survey partici-
pation fatigue after so many measurement repetitions and dur-
ing lecture-free times as well as study dropout. To encounter
the resulting selection bias and gaps in the students’ individual
trajectories, we used online surveys for a lower participation
threshold also for students outside the campus and aggregated
measuring periods in the quantitative analysis.

Regarding the open text field questions, workload and stres-
sors, further limitations are the risk of socially desired re-
sponses and their very subjective character depending on a
high reflection. Especially workload data as responses to
single-item questions is known to be prone to various distort-
ing effects [75]. Regarding the stressors, the limited num-
ber of three open text fields might have resulted in some
students not mentioning certain stressors contributing to per-
ceived stress. There is also a risk that the most immediate
or most recent stressors might be more frequently reported
by students because of the limitation to three stressors. This
recency bias could skew the data in favor of short-term or im-
mediate stressors over long-term or underlying ones and by
this, the true diversity or intensity of stressors might be un-
derestimated. The shortness of the text fields sometimes also
lead to imprecise and difficult-to-interpret responses. How-
ever, facing the correlations between the total stress score and
the workload and number of listed stressors per measuring
point, and the fact that some students also shared very private,

sensible stressors, we consider the mentioned limitations re-
lated to open text field questions as not substantial.

D. Outlook: Future perspectives

Our findings and the discussed limitations lead to various
future perspectives: First, we would like to extend the inves-
tigation of stress perception to other (German) universities to
compare different physics study entry phases in the caused
stress with each other. This will provide more profound in-
sights into the mechanisms leading to stress and how different
circumstances affect stress perception. Moreover, compara-
tive data in higher years of study and different subject domains
would improve the understanding of the characteristics of the
physics study entry phase.

Second, to encounter the limitations discussed regarding
the three open-text fields for the indication of stressors, the
categorical system of stressors will be utilized to develop a
standardized questionnaire, enabling all students to continu-
ously evaluate the impact of various stressors on their per-
ceived stress on a Likert rating scale. These numeric values
will provide a more objective way to compare and contrast
stressors and perceived stress levels or to evaluate the effi-
ciency of interventions, and will likely produce more consis-
tent and standardized data in future investigations.

Third, the underlying mechanisms and reasons behind these
stressors need to be understood more deeply building a basis
for future improvements and supportive measures. Therefore,
we will conduct group interviews with both first-year physics
students and beyond in which the students reflect on their per-
ceived stressors and already-developed coping strategies and
discuss possible improvements that could help to reduce stress
perception for future cohorts.

Fourth, we will further investigate relevant individual pa-
rameters related to the students’ affection and attitude like
their sense of belonging to the university (adapted after
Ref. [84]) and physics community (adapted after Ref. [85]),
the domain-specific growth mindset [86], the motives for
choosing a physics study program [13], study-related emo-
tions [87, 88], or self-efficacy, and performance characteris-
tics like the prior math- and physics-related skills at the be-
ginning of their study. This will facilitate a complex, multi-
dimensional analysis of relevant factors of the physics study
entry phase and stress perception in particular and aims for
tailor-made supportive measures.

Fifth, based on all these descriptive-analytical findings, we
would like to develop and evaluate concrete supportive mea-
sures and study-structural modifications to decrease the stu-
dents’ stress perception in the study entry phase and to cope
with the high dropout rate. The very first approach, beyond
others, will be the use of a short self-learning intervention
supporting a domain-specific growth mindset [89]. Further
approaches could be linked to strengthening the students’ re-
silience [90], their sense of belonging, and metacognitive
strategies. Refs. [91, 92] have shown that a short two time
management training of two to four hours for German under-
graduate students can significantly reduce the perceived ten-
sion as one of the four subscales of the PSQ and facilitate
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the perceived control of time. Ref. [50] suggests the imple-
mentation of mindfulness-based stress prevention measures.
Ref. [54] has shown that for college students „[p]erceived
problem solving was a stronger predictor of physical health
and perceived stress than were physical activity, alcohol con-
sumption, or social support" [p.360]. This suggests an ef-
fective stress management intervention by providing an "aca-
demic ’health’ course in which the aim is to improve per-
ceived problem-solving abilities, communication skills, and
leadership skills for life success, reduced perceived stress,
and enhanced physical health" as well as workshops about
"improving perceived problem solving skills" and "teaching
and practicing skills to be successful and stress free" [p.368].
Moreover, aiming for structural changes, Ref. [65] empha-
sizes that it is important to identify and address the as un-
necessary perceived stressors like a torn day structure because
stress is not correlated with satisfaction since students per-
ceive certain stressors also as stimulating and enriching.

Overall, the outlined plans aim for a multiperspective anal-
ysis of the physics study entry phase and specific, evaluated
support measures tailored to guide the students more effec-
tively through this particularly challenging transition period.
The ultimate goals are to lower stress perception, enhance stu-
dent success, and, hopefully, reduce study dropout rates.

VI. CONCLUSION

In the present study, we investigated the stress perception of
first-year physics students at a German university in a three-
semester panel study. Stress perception was measured (bi-
)weekly for two cohorts of students in their first and one co-
hort also in the second semester using the PSQ and open text
fields for stressors and self-estimated weekly workload. The
findings show no major differences between the two cohorts in
their first semester or between the first and second semesters
of the one cohort that was studied in both semesters. Instead,
the stress perception follows a characteristic trajectory with
an increasing level in the first lecture weeks of the semester,
reaching a stable level of, on average, slightly increased stress
in the lecture time and exam phase, followed by a decreas-
ing stress level in the lecture-free time afterward. The self-
estimated workload shows a similar behavior with a high
correlation. The open text fields reveal underlying stressors
that are mostly university-related and characteristic of certain
phases of the semester. Important stressors are the exercise
sheets, especially in math courses, the lab course and lab re-
ports as well as the exam preparation and exams themselves.
The study provides a profound and coherent insight into the
physics students’ stress perception based on quantitative and
qualitative measures, which also reveals a high stress percep-
tion in comparison to reference data. This can serve as a basis
for further studies also at other universities and for prospective
supportive measures for the students and institutional changes
in physics study programs to improve studyability and reduce
high dropout rates.
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Appendix

TABLE V. Overview of the questionnaire used for each measuring point (demographic data only once at the beginning of each semester).

Questionnaire/Item Specification/wording (in English) Specification/wording (in German)
Demographic data Gender, field of study, current semester, number of university

courses currently attended, specification of the courses attended,
assessment of own physics performance, assessment of own
maths performance, grade of high school diploma

Geschlecht, Studiengang, Fachsemester, Anzahl aktuell besuchter
universitärer Veranstaltungen, Spezifizierung der besuchten Ve-
ranstaltungen, Selbsteinschätzung der Physikleistung, Selbstein-
schätzung der Mathematikleistung, Abiturnote

Perceived Stress
Questionnaire
(PSQ20)

In the following you will find a series of statements. Please read
each one and rate the frequency with which this statement has
been true in your life in the last week (on a scale from 1 = "almost
never true" to 6 = "mostly true"). Think about your studies! For
each statement, please check the box that best applies. There are
no right or wrong answers. Evaluate the answers ad hoc, without
thinking too long, and do not leave out any questions.
20 items, modified after Ref. [44] into a six-point scale (al-
most never (1), mostly (6), the gradations in between were not
specified)

Im Folgenden finden Sie eine Reihe von Aussagen. Bitte lesen Sie
jede durch und beurteilen Sie die Häufigkeit mit der diese Aussage
in der letzten Woche in ihrem Leben zutreffend war (auf einer Skala
von 1 = "trifft fast nie zu" bis 6 = "trifft meistens zu"). Denken
Sie dabei an Ihr Studium! Kreuzen Sie bitte bei jeder Aussage
das Feld an, das am besten zutrifft. Es gibt keine richtigen oder
falschen Antworten. Beurteilen Sie die Antworten ad hoc, ohne
lange nachzudenken, und lassen Sie keine Frage aus.
20 Items von Ref. [44], modifiziert durch eine sechsstufige Skala
(fast nie (1), meistens (6), die Zwischenstufen blieben unbenannt)

Self-estimated
workload

Estimate the total amount of time you spent on your studies within
the last week (lecture, tutorial, self-study, etc.) in hours.

Schätzen Sie den zeitlichen Aufwand, den Sie innerhalb der letzten
Woche für Ihr Studium insgesamt aufgewendet haben (Vorlesung,
Übung, Selbststudium, etc.) in Stunden.

Specification of
stressors

Specify up to three causes that are currently generating a load
(strongest load first). Be as precise as possible in your indication
of what exactly the load consists of.

Geben Sie bis zu drei Ursachen an, die gerade eine Belastung
erzeugen (die stärkste Belastung zuerst). Seien Sie dabei möglichst
präzise in Ihrer Angabe, worin genau die Belastung besteht.

FIG. 11. On the left, the empirical and theoretical density distribution of the total perceived stress scores of the full dataset (N = 3206) is
displayed. On the right, the according cumulative distribution function (CDF) is displayed. Visual inspection suggests that the total perceived
stress scores are nominal distributed.
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FIG. 12. Visualization of the derived perceived stress scores (means and standard errors) used for quantitative data analysis after selecting
specific measuring points (Pre1, Pre 2, OW, and LW1-14), combining them into six measuring periods, and imputing missing data as described
in Sec. III C 1. Data is presented for all three groups as well as groups A1 and B1, both first semester, combined as they were treated together
when the temporal evaluation of the perceived stress over the semester was analyzed (cf. Sec. IV A 2).
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FIG. 13. Visualization of the derived workload (means and standard errors) used for quantitative data analysis after selecting specific measuring
points (Pre1, Pre 2, OW, and LW1-14), combining them into six measuring periods, winsorizing, and imputing missing data as described in
Sec. III C 1. Data is presented for all three groups as well as groups A1 and B1, both first semester, combined as they were treated together
when the temporal evaluation of the perceived stress over the semester was analyzed (cf. Sec. IV B 2).
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TABLE VI. Bonferroni-corrected p-Values of the post-hoc analysis of differences of the stress perception and workload between different
periods in the semester, separately for the first (groups A1 & B1) and second (group A2) semesters.

Stress perception (cf. Sec. IV A 2) Workload (cf. Sec. IV B 2)
Period 0 Period 1 Period 2 Period 3 Period 4 Period 0 Period 1 Period 2 Period 3 Period 4

Groups A1 & B1
Period 1 <0.001 <0.001
Period 2 <0.001 <0.001 <0.001 <0.001
Period 3 <0.001 <0.001 0.77 <0.001 <0.001 0.069
Period 4 <0.001 <0.001 0.92 1.00 <0.001 <0.001 1.00 0.002
Period 5 <0.001 <0.001 1.00 1.00 1.00 <0.001 <0.001 1.00 1.00 0.002
Group A2
Period 2 <0.001 <0.001
Period 3 <0.001 1.00 <0.001 1.00
Period 4 <0.001 0.25 1.00 <0.001 1.00 1.00
Period 5 <0.001 <0.001 <0.001 0.052 <0.001 0.024 0.030 0.64

TABLE VII. Percentage (%) of codings within the categories U9 Exercise sheets and U11 Unspecific mention of courses & subjects split up
after the different courses in the first and second semester. Data are presented for all three groups A1, A2, and B1, and the total sample. The
first row indicates the number of codings for which the percentages in each column are calculated. Gaps indicate that the according course
could not be coded for the specific category/group as the course was not offered for that group or had no exercise sheet.

U9 Exercise sheets U11 Unspecific mention of courses & subjects
Group A1 Group A2 Group B1 Total Group A1 Group A2 Group B1 Total

Percentage
N codings

167 136 249 552 29 17 41 87

Experimental Physics I/II 4.6 8.9 11.3 8.4 7.9 2.7 3.3 5.1
Mathematics for Physicists I/II 41.4 31.5 10.8 26.6 46.9 38.7 11.4 33.8
Differential and integral calculus I/II 2.5 1.2 12.4 6.0 2.1 5.9 6.6 4.5
Mathematical Methods in Physics 0.0 0.0 0.0 4.5 4.7 3.3
Analytical Mechanics 5.4 1.5 8.6 2.3
Physics lab course 22.1 33.3 44.5 32.0
Precourse 3.4 1.9 2.0
Unspecified 51.5 52.9 65.5 57.4
Unspecific math course 2.8 0.5 4.3 2.6
Unspecific physics course 0.3 0.0 3.8 1.3
Other courses 10.0 9.1 19.4 12.7
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