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COVID-19 school closures and
chemistry-related
competencies: A study of
German students transitioning
from primary to secondary
school
Alina Behrendt*†, Vanessa Fischer† and Maik Walpuski†
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The COVID-19 pandemic led to temporary closures of schools around the

world, resulting in a change from face-to-face teaching to distance teaching,

which had been practiced minimally until then. In this study, we investigated

the effects of pandemic-related school closures on students’ chemistry-

related competencies, at the transition from primary to secondary school.

We also explored the extent to which at-home or in-school data collection

influenced the results. We measured the competencies of 2,262 students from

grades 5 to 9 in Germany. Data collection took place before, during, and after

the pandemic-related school closures, based on test booklets completed by

students. The results showed that the competencies of students in Chemistry,

who were taught in school before the closures, were similar to those of

students who were taught via distance learning. Thus, students’ competencies

were similar before and after the school closures. The school closures led to

differences not only in teaching, but also in the way the data in this study

was collected. During school closures, students worked on their test booklets

at home, and before and after school closures, the data were collected at

school. This also enabled us to examine the effects of the different data

collection designs on the test scores. We found differences between the

results of the test booklets completed at home, and those completed at

school, only for younger students. For students in higher grades, there were

no differences.
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Introduction

For successfully learning science, a cumulative learning
process is necessary. Cumulative learning refers to integrating
new content into the knowledge acquired earlier by students
(Lee, 2012). Hence, competencies acquired in primary
school should be aligned with the new, more demanding
requirements of secondary school (Hempel, 2010). Thus,
learning should be cumulative, not only within each type
of school, but also across different types of schools. This is
especially important since the home and school environment
shows a major impact on cumulative learning (Oludare
and Alade, 2018). For cumulative learning to succeed at
the transition between primary and secondary education,
the curricula of various subjects play a crucial role. In
these curricula, ideas that build on each other must be
clearly defined, so that the development of competencies
can be adequately supported over a long period of time
(Shin et al., 2017).

The level to which these competencies, expected in
different types of schools, are actually aligned, differs between
different countries and the science-related subjects taught
there. Some countries, such as the United States, teach one
integrated subject, science, as shown by the Benchmarks for
Science Literacy (American Association for the Advancement
of Science, 2001, 2013), and the Next Generation Science
Standards (National Research Council, 2013). The competencies
formulated in the Benchmarks for Science Literacy span
from kindergarten to grade 12, and build on each other
(American Association for the Advancement of Science,
2001). Other countries do not provide curricula for one
subject for science across all school levels, because science
is divided into separate disciplines. In most European
countries, for example, a general subject — science, is
taught in primary school. This is replaced by the separate
subjects of biology, physics, and chemistry in secondary
school. Only a few European countries (Italy, Luxembourg,
Iceland, Norway, Turkey, and parts of Belgium) teach
science throughout lower secondary school as a single
subject (Education, Audiovisual and Culture Executive Agency,
2011).

To assess whether scientific competencies can be developed
cumulatively at the transition, despite the different subjects
taught, the curricula of the various science subjects in the
transition period must be compared. In Germany, the expected
competencies in chemistry are of special interest for the
transition between primary and secondary education. This
study focuses on the situation in North Rhine-Westphalia,
on behalf of all other German states. In particular, chemistry
as an individual subject, only starts in grade 7 or 8
(age: 12/13 years), but is supposed to enhance the existing
competencies of students from primary school ending in grade
4 (age: 10 years). The curricula in both primary and secondary

school in Germany address competencies in the context of the
following content: combustion, states of aggregate, substance
properties, solutions, and energy (Ministerium für Schule und
Weiterbildung des Landes Nordrhein-Westfalen, 2008, 2013;
Ministerium für Schule und Bildung des Landes Nordrhein-
Westfalen, 2021). This provides a good foundation for a
cumulative learning process, because the competencies in both
curricula build on each other. Nevertheless, the transition
from primary to secondary school is not always successful.
Various international school comparison studies show that
there are differences between German students, with regard
to their expected and acquired competencies. While 72 %
of German 4TH graders achieve an intermediate or high
competence level in science, according to the Trends in
International Mathematics and Science Study 2019 (Mullis
et al., 2020), the Program for International Student Assessment
2018 reveals that only 58 % of German 9TH graders
achieve an intermediate or high competence level in science
(Organization for Economic Cooperation and Development,
2019). Consequently, the fact that the structure of the
competencies of the curricula can enable cumulative learning
processes does not mean that this learning process actually
occurs. Studies describing the development of science literacy
across grades have been undertaken in various countries, such
as the United States and the United Kingdom (American
Association for the Advancement of Science, 2001; Wiser
et al., 2012; Waldo, 2014). For Germany, however, such
studies exist only for specific contents, such as magnetism
(Möller, 2016), or they refer to specific periods within teaching
chemistry, such as the strand maps with learning progressions
developed by Celik and Walpuski (2018) for the first years
of learning chemistry. Chemistry-related competencies, at
the transition between primary and secondary school, still
need further study.

During of the COVID-19 pandemic, schools were closed
for several weeks, or even months, in many countries
around the world, and students had to engage in distance
learning. This change in teaching impacted students’ learning
and performance in different subjects. Hammerstein et al.
(2021) summarized the effects of school closures on student
achievements, in a review of several independent studies.
School closures during the pandemic were found to have
a predominantly negative impact on students’ achievement.
These findings were particularly evident for younger students,
and those from families with low socioeconomic status
(Hammerstein et al., 2021). For example, Tomasik et al.
(2021) investigated students’ achievement in mathematics
and German, in primary and secondary schools. They
found that the learning progress in the period before
the school closures in primary school was more than
twice of that during the school closures. On the contrary,
they could not find this difference at the secondary level
(Tomasik et al., 2021).
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Most of the studies summarized by Hammerstein et al.
(2021) refer to students’ achievement in mathematics or
different languages, but Maldonado and De Witte (2020)
additionally focused on science. Using standardized tests
that were administered at the end of primary school in
Switzerland, they showed that the test scores decreased
significantly from 2019 to 2020 (Maldonado and De
Witte, 2020). This result provides preliminary evidence
that school closures during the COVID-19 pandemic
affected scientific skills at the transition from primary to
secondary education negatively; however, chemistry-specific
data are missing.

The purpose of the current study was to examine students’
chemistry-related competencies, at the transition between
primary and secondary education, in general. However, the
study was expanded amid the pandemic, to include the
influences of COVID-19-related school closures. For this
purpose, we collected data before, during, and after the school
closures. During school closures, we could not collect the
data in a face-to-face teaching environment. Instead, students
completed the test booklets at home, for the assessment.
The two following research questions were addressed in this
study:

1. How do students’ chemistry-related competencies differ at
the transition between primary and secondary education, before
and after COVID-19-related school closures?

2. To what extent does the design of data collection (at home
or face-to-face teaching) influence measurement results?

Method

Participants and procedure

To answer the two research questions, we used a sample
of 2,262 students from Germany. Parents were informed about
the study by a letter to parents, and the respective school
principals consented to the data collection. Since the data was
collected pseudonymously, no further consent was required.
In Germany, one integrated subject comprising all social and
natural sciences is taught in primary school (grades 1–4;
age: 6–10 years). Chemistry contents are also included in
this subject. Subsequently, either biology and physics or one
subject including all natural sciences are taught in secondary
school from grade 5 onward. As described in the introduction,
chemistry as an independent subject starts in grade 7 or 8 (age:
12/13 years). Hence, the transition from primary to secondary
education, with respect to the subject of chemistry, covers the
period from grades 5–7, or 8. We measured the competencies of
students in grades 5–9 to investigate this transition period and
their first year in chemistry.

The grade in which chemistry is taught for the
first time differs between the participating schools.

Therefore, we do not refer to grades, but to the
following measurement points within the transition
period:

Start of the transition period (ST).
Middle of the transition period 1 (MT1).
Middle of the transition period 2 (MT2).
Start of the first year in chemistry (SC).
End of the first year in chemistry (EC).

The measurement point MT2 exists only in schools that
do not teach chemistry in grade 7, and whose transition
period, therefore, comprises 3 years. Figure 1 provides an
overview of all assessments and all measurement points of
data collection. The first assessment took place before the
COVID-19 pandemic, in summer 2019. At that time, we
had planned two assessments for each subsample, resulting
in a quasi-longitudinal study comprising the beginning
of secondary education until the end of the first year of
chemistry education. For this reason, the first assessment
comprised the measurement points ST, MT2, and SC,
while the second assessment covered the measurement
points MT1, SC, and EC. In the second assessment, we
consulted the same sample as in the first assessment one year
later for a longitudinal comparison within the transition
period. The second assessment took place during the
COVID-19-related school closures, in summer 2020. To
obtain an overall larger sample, and more opportunities
for comparison, especially regarding the closure effects,
we added a third assessment after the school closures
in summer 2021. In order to merge the additional data,
with the data collected from the first two assessments,
it was important to measure the same age groups at the
measurement points. The additional, third assessment
therefore includes all 5 measurement points of the first
two assessments.

We analyzed different subsamples to answer the two
research questions. To compare competencies before and after
the school closures, we were able to use data from the first
and the third assessment. In both cases, data were collected
in a face-to-face teaching environment, and therefore, are
comparable. Data regarding measurement points ST, MT2,
and SC were available for both assessments, so we were
able to use the entire sample (990 students) from the
first assessment and a subsample (419 students) from the
third assessment. To compare the effects of the different
assessment situations (school and home), we analyzed data
from the second and the third assessment. Both assessments
took place after a long period of school closures, and
therefore, differed with regard to the assessment situation
despite their similarities. For this comparison, data regarding
measurement points MT1, SC, and EC were available, so we
were able to use the entire sample (496 students) from the
second assessment, and a subsample (414 students) from the
third assessment.
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FIGURE 1

Assessments and measurement points.

Instruments

To measure students’ chemistry-related competencies, we
developed a new test instrument. In the first step, we identified
the competencies to be measured, based on the curricula for the
subjects containing chemistry-related contents in primary and
secondary school. We used these competencies for developing a
paper-pencil test with multiple-choice items. Each item contains
six answer options. For each option, learners had to decide
whether this answer was correct or incorrect, or whether they
were unsure about it. Thus, one point could be scored for
each answer option, and zero to six points could be scored
for each item. Based on the competencies addressed in the
chemistry curriculum in Germany, 24 items were developed
for content knowledge (CK) with each 8 items each for the
key concepts of chemical reactions, structure of matter, and
energy, and for procedural knowledge (PK) with the categories
of scientific inquiry, communication, and decision-making. To
reduce the test time, we created test booklets with either 20
or 32 items, depending on the grade level. All test booklets
contained items based on the competencies of the primary
school curriculum. In the test booklets for students in the
first year of learning chemistry, there were additional items
based on the competencies of the chemistry curriculum. The
different test booklet versions were linked by a balanced
incomplete block design. Each test booklet contained items
for two key concepts from the category CK, and for two
categories of PK.

To validate the test instrument, we carried out an expert
rating in which seven raters were asked to assign the
developed items to the categories CK, scientific inquiry,
communication, and decision-making. The interrater

reliability was κFleiss = 0.795. After a subsequent revision
of some items, we administered the test instrument to
760 students (grades 4–8) in a pilot study. To investigate
the quality of the test instrument, we conducted separate
item response theory (IRT) analyses for CK and PK.
Due to the item format, with zero to six achievable
points each, we used the rating scale model. We found
satisfactory reliabilities (person reliabilityCK = 0.75; item
reliabilityCK = 0.99; person reliabilityPK = 0.81; item
reliabilityPK = 0.99). For this reason, we only improved
the items in which we identified comprehension difficulties
during data collection.

In addition to the newly developed test instrument,
we used existing test instruments to assess additional
skills of the students as control variables. First, we
used the Kognitiver Fähigkeitstest (KFT) (Heller
and Perleth, 2000) to measure cognitive skills, and
second, the Lesegeschwindigkeits- und Verständnistest
(LGVT) (Schneider et al., 2017) to measure
reading comprehension.

Data processing (main study)

To evaluate the data, we performed separate IRT analyses
for CK and PK, using the rating-scale model, as in the
pilot study. We used the estimated person parameters,
to compare different subsamples. To analyze whether
statistically significant differences exist between groups,
we performed either a t-test for independent samples,
or an analysis of covariance (ANCOVA). The ANCOVA
allowed us to include the control variables as covariates,
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TABLE 1 Reliabilities, infit, and discrimination estimated in the
rating scale model.

Total MP 1 MP 2 MP 3

Content knowledge

Person reliability 0.79 0.74 0.86 0.75

Item reliability 1.00 1.00 1.00 0.99

Infit M = 1.08
SD = 0.24
Min: 0.71
Max: 1.55

M = 1.07
SD = 0.24
Min: 0.70
Max: 1.52

M = 1.08
SD = 0.28
Min: 0.75
Max: 1.73

M = 1.10
SD = 0.26
Min: 0.64
Max: 1.58

Discrimination Min: 0.56
Max: 1.34

Min: 0.67
Max: 1.39

Min: 0.19
Max: 1.35

Min: 0.43
Max: 1.44

Procedural knowledge

Person reliability 0.82 0.80 0.89 0.75

Item reliability 1.00 0.99 0.99 0.99

Infit M = 1.03
SD = 0.21
Min: 0.66
Max: 1.54

M = 1.02
SD = 0.23
Min: 0.65
Max: 1.62

M = 1.04
SD = 0.21
Min: 0.66
Max: 1.58

M = 1.04
SD = 0.20
Min: 0.67
Max: 1.41

Discrimination Min: 0.37
Max: 1.24

Min: 0.28
Max: 1.29

Min: 0.33
Max: 1.32

Min: 0.48
Max: 1.24

in case the groups differed regarding to those control
variables. We used the raw scores of the LGVT, which
were identically scaled for all grades, and estimated person
parameters for the KFT using IRT analyses, since the
items on this test varied across grades, and the raw scores
were not comparable.

Results

To check the quality of the test instrument, we first
examined the statistical parameters determined in the
rating-scale model. Table 1 provides an overview of the
statistical parameters. We found good person and item
reliabilities for both, CK and PK. In both cases, the person
reliability was higher for the second assessment, compared to
the first and third assessments. This may indicate that students
worked more conscientiously on the test booklets at home, than
at school. The infit values and discriminations were almost all
satisfactory. Overall, we were able to achieve a good quality
of the test instrument. Consequently, we used the person
parameters for CK and PK estimated in the rating-scale model
across all three assessments, to compare different subsamples in
terms of the research questions.

Student performance before and after
the school closures

We compared students’ competencies before and
after the school closures. To do so, we used data from
the first and the third assessments. Data from three

TABLE 2 Comparison of person parameters (measurement points 1
and 3) t-test for independent samples.

Group Sample
size

Mean
value

Levene-test t-test

Content knowledge

Total n1 = 972
n3 = 391

M1 = –0.25
M3 = –0.19

p = 0.543 t(1361) = 2.10,
p = 0.036, d = 0.126

ST n1 = 458
n3 = 171

M1 = –0.30
M3 = –0.37

p = 0.596 t(627) = 1.51,
p = 0.132, d = 0.135

MT2 n1 = 102
n3 = 142

M1 = –0.18
M3 = 0.02

p = 0.730 t(242) = 3.05,
p = 0.003, d = 0.396

SC n1 = 412
n3 = 78

M1 = –0.22
M3 = –0.15

p = 0.845 t(488) = 0.99,
p = 0.324, d = 0.122

Procedural knowledge

Total n1 = 969
n3 = 391

M1 = 0.12
M3 = 0.16

p = 0.318 t(1358) = 0.91,
p = 0.365, d = 0.054

ST n1 = 457
n3 = 171

M1 = 0.04
M3 = –0.03

p = 0.338 t(626) = 1.27,
p = 0.206, d = 0.114

MT2 n1 = 102
n3 = 142

M1 = 0.21
M3 = 0.38

p = 0.471 t(242) = 2.10,
p = 0.037, d = 0.273

SC n1 = 410
n3 = 78

M1 = 0.20
M3 = 0.18

p = 0.507 t(486) = 0.29,
p = 0.773, d = 0.036

measurement points (ST, MT2, and SC) were available for
the comparison. First, we investigated the comparability
of the cohorts from both assessments. We found no
significant differences between the two cohorts, in terms
of the control variables cognitive skills [t(1398) = 1.59,
p = 0.113, d = 0.093] and reading comprehension
[t(1376) = 1.04, p = 0.298, d = 0.062]. For this reason,
we did not include covariates, but conducted t-tests
for independent samples when comparing the person
parameters for CK and PK.

We compared the person parameters for both assessments,
in general as well as for the subsamples at each measurement
point. Table 2 provides an overview of the results of all
t-tests for independent samples. For the total sample, we
found a significant difference, with a small effect in CK,
with lower person parameters before school closures than
after them. By contrast, there was no significant difference in
PK. At the measurement point ST, there were no significant
differences in CK or in PK. At measurement point MT2,
by contrast, we were able to find a highly significant
difference with a small effect in CK, and a significant
difference with a small effect in PK with lower person
parameters before the school closures. At measurement point
SC, again, we could not find any significant differences in
either CK or PK.

Overall, this finding is contrary to expectations. It is
not plausible that the competencies of those who had not
previously received any face-to-face science instruction were
higher only in the middle of the transition period in grade
7, while no difference could be found either at the beginning
or at the end of the transition phase. For this reason, we
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examined person parameters in more detail, at measurement
point MT2. We found an anomaly while comparing the
mean person parameters of the classes involved in the data
collection. In the third assessment, the three classes that
achieved the highest mean person parameters were three
classes from the same school. The school could not provide
any classes from that grade level for data collection in the
first assessment. It is likely that these three classes caused
the differences between the two assessments, at measurement
point MT2. For this reason, we conducted an additional
t-test for independent samples for CK and PK, excluding
the three classes from the sample. In these t-tests, there
were no significant differences in either CK [t(173) = 0.50,
p = 0.618, d = 0.077] or PK [t(173) = 0.07, p = 0.942,
d = 0.011]. Overall, we concluded that chemistry-related
competencies did not differ from each other, at any of the three
measurement points. Thus, students’ competencies were similar
before and after the COVID-19-pandemic school closures.
We also showed that the difference in competencies, between
the beginning and end of the transition period, was similar
before and after the school closures. T-tests showed that for
both the first [CK: t(868) = 2.25, p = 0.025, d = 0.153;
PC: t(835.97) = 3.85, p < 0.001, d = 0.263] and the third
assessments [CK: t(247) = 3.13, p = 0.002, d = 0.428; PC:
t(247) = 2.85, p = 0.005, d = 0.390], person parameters were
significantly higher at the end of the transition period, than
at the beginning of the transition period. Person parameters
differed by approximately 0.1–0.2 logits, in both CK and PK, on
both assessments.

A possible explanation for these findings is that the quality
of face-to-face and distance teaching was comparable, and
that students who engaged in face-to-face learning before
the pandemic acquired the same competencies as students
engaged in distance learning. However, this explanation would
contradict Hammerstein et al.’s (2021) finding, that school
closures during the COVID-19-pandemic had a negative impact
on school performance, particularly for younger students.
Another possible explanation is that the measured chemistry-
related competencies were largely not acquired in the classroom.
It is possible that these were competencies the students acquired
outside the classroom, for instance, in a family context. Kähler
et al. (2020) showed that some characteristics of the home
environment have influences on the science competencies of
kindergarten-aged children in Germany. It would be conceivable
that science competencies of young students were influenced not
only by school, but also by the family and home environments.

Effects of the different assessment
situations

In a further step, we compared the students’ person
parameters from the second and third assessments, to identify

the effects of the different assessment situations. In the second
assessment, the students processed their test booklets at home
after a long period of school closures. At the third assessment,
they completed the test booklets at school, but also after a
long period of school closures. We compared both, the total
sample from the two assessments, as well as the different
measurement points, MT1, SC, and EC, separately. Again,
we first examined the extent to which the two cohorts were
samples with similar characteristics. We did not consider the
control variable reading comprehension, because we could
observe from the completely filled in LGVT test booklets that
many students had worked on it longer than allowed. As the
LGVT is a speed test, we did not compare the LGVT results
from either of the assessments. However, we compared the
control variable cognitive skills between the assessments. It
showed a highly significant difference [t(784) = 2.87, p = 0.004,
d = 0.205]. We found this difference for the subsample
at measurement point MT2 [t(261.52) = 2.60, p = 0.010,
d = 0.304]. For the measurement points SC [t(143) = 1.52,
p = 0.131, d = 0.271] and SE [t(312.59) = 0.20, p = 0.841,
d = 0.022], we found no significant differences between the
two assessments. Consequently, we included the control variable
cognitive skills as a covariate, in an ANCOVA for the total
sample and for the measurement point MT2 in the comparisons

TABLE 3 Comparison of person parameters (measurement points 2
and 3) t-test for independent samples and ANCOVA.

Group Sample
size

Mean
value

Levene-
test

t-test/ANCOVA

Content knowledge

Total n2 = 495
n3 = 345

M2 = 0.09
M3 = 0.01

p = 0.517 t(838) = 1.98,
p = 0.048, d = 0.139

n2 = 381
n3 = 339

M2 = 0.09
M3 = 0.01

p = 0.909 F(1, 717) = 4.05, p = 0.045,
partial η2 = 0.006

MT1 n2 = 223
n3 = 131

M2 = 0.02
M3 = –0.20

p = 0.344 t(352) = 3.60,
p < 0.001, d = 0.396

n2 = 176
n3 = 126

M2 = 0.03
M3 = –0.20

p = 0.565 F(1, 299) = 12.10, p = 0.001,
partial η2 = 0.039

SC n2 = 48
n3 = 78

M2 = –0.07
M3 = –0.15

p = 0.442 t(124) = 0.68,
p = 0.498, d = 0.125

EC n2 = 224
n3 = 136

M2 = 0.19
M3 = 0.30

p = 0.661 t(358) = 1.65,
p = 1.00, d = 0.179

Procedural knowledge

Total n2 = 490
n3 = 345

M2 = 0.43
M3 = 0.28

p = 0.001 t(832.999) = 3.55,
p = 0.001, d = 0.235

n2 = 378
n3 = 339

M2 = 0.48
M3 = 0.28

p < 0.001 F(1, 714) = 24.46, p < 0.001,
partial η2 = 0.033

MT1 n2 = 222
n3 = 131

M2 = 0.41
M3 = 0.23

p = 0.208 t(351) = 2.92,
p = 0.004, d = 0.322

n2 = 176
n3 = 126

M2 = 0.42
M3 = 0.24

p = 0.113 F(1, 299) = 8.96, p = 0.003,
partial η2 = 0.029

SC n2 = 47
n3 = 78

M2 = 0.38
M3 = 0.18

p = 0.999 t(123) = 1.73,
p = 0.086, d = 0.320

EC n2 = 221
n3 = 136

M2 = 0.46
M3 = 0.38

p < 0.001 t(348.732) = 1.22, p = 0.224,
d = 0.116
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of the person parameters in CK and PK. Not all students
completed the KFT at home, reducing the sample size of
the ANCOVA by 120 cases in CK, and by 118 cases in
PK. For this reason, we additionally conducted a t-test for
independent samples.

Table 3 provides an overview of the results. For the
total sample, we found differences in both the t-test for
independent samples, and the ANCOVA in CK and PK. In
both cases, the person parameters were higher for the second
assessment compared to the third assessment. We also found
this difference for the subsample of the measurement point
MT2. For the measurement points SC and EC, we did not find
a significant difference in the t-tests performed, for either CK
or PK. In summary, for younger students, we measured higher
competencies with the test booklets worked on at home, rather
than with the test booklets worked on at school. We did not
find these differences for older students, in their first year of
learning chemistry.

A possible reason for these findings is that the students
might not have adhered to the instructions, during the data
collection at home. It is possible that they disregarded
the specified time windows, as they did in the LGVT,
and also other rules, such as working on the test items
without outside help. As a result, they might have had
advantages over students whose data were collected through
a face-to-face teaching environment. It is also possible
that the younger students were supervised more closely
by their parents during the tasks at home and therefore,
performed better, while the older students mainly worked
by themselves. In contrast to these rather negative effects
of working on the test booklets at home, we also have
to consider that we found higher person reliabilities,
in the rating-scale model for the items worked on at
home. This suggests that the students worked more
conscientiously at home than at school. Therefore, we
assumed that the conditions prevalent at home also had
a positive effect on the accuracy of the test results. It
is possible that the students were less distracted there
than in a data collection at school, could concentrate
better on the processing of the items, and consequently,
achieved better results.

Discussion

Conclusion

First, the results of the study show that chemistry-related
competencies of students at the transition, before the COVID-
19 pandemic were similar to those after school closures during
the pandemic. The research situation is not conclusive in
this context. Some studies report disadvantages in learning
due to school closures (e.g., Hammerstein et al., 2021), while

other studies demonstrate good learning outcomes with digital
materials (e.g., Amilyana et al., 2021; Meeter, 2021). Second,
the results show that younger students achieved better test
scores when they completed the test booklets at home, rather
than at school. Evidence from homework-studies suggests
desirable effects on completion only for younger students,
because they appear to have less developed study and of
self-management habits (Patall et al., 2008). This may also
apply to testing situations. From these findings, we can draw
implications for science education at this transition, and for
data collection.

According to the results, it is not relevant for the
competencies in the transition phase whether the instruction
previously took place in face-to-face or distance learning.
On the one hand, it is conceivable that chemistry-related
competencies are taught to a lesser extent than, for example,
mathematical or linguistic competencies, so that the difference
between face-to-face and distance learning is not as significant.
On the other hand, before and after the school closures,
there was a difference in competencies between the beginning
and the end of the transition phase. Consequently, students
acquired competencies during that transition phase, regardless
of whether they were taught in face-to-face settings. Therefore,
it is possible that the students acquired some of the measured
competencies outside of the school context. Consequently, we
should take care to ensure that students acquire chemistry-
related competencies more systematically in school. For
that purpose, we should use the curricula of the subjects
involved, and ensure an exchange between the teachers
of both school types, in order to promote cumulative
learning processes.

The results on the different designs of data collection
suggest that younger students were less likely to comply
with test-taking instructions at home, or that they
were better able to concentrate at home. To verify the
reasons for the measured differences, we would need
to conduct further data collection, and control for
conditions at home.

Limitations

This study has the following limitations. First,
some of the subsamples are incomplete, or significantly
smaller than other subsamples. This is especially true
for the second measurement point. Here, only about
half of the test booklets distributed to the students
were completed and returned. In addition, we cannot
substantiate explanatory approaches relating to the
conditions of the testing situation at home, based
on this data. They are merely assumptions. Finally,
we must consider that the sample used is limited to
only a few schools in Germany. Therefore, we cannot
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generalize these results for the whole of Germany, or for
other countries.
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