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Abstract
The German school system employs centrally organized performance assessments (some
of which are called “VERA”) as a way of promoting lesson development. In recent years,
several German federal states introduced a computer-based performance testing system
which will replace the paper-pencil testing system in the future. Scores from computer-
based testing are required to be equivalent to paper-pencil testing scores so that the new
testing medium does not lead to disadvantages for students. Therefore, the current study
aimed at investigating the size of the mode effect and the moderating impact of students’
gender, academic achievement and mainly spoken language in everyday life. In addition,
the variance of the mode effect across tasks was investigated. The study was conducted in
four German federal states in 2019 using a field experimental design. The test scores of
5140 eighth-graders from 165 schools in the subject German were analysed. The results
of multi-level modelling revealed that students’ test scores in the computerized version of
the VERA test were significantly lower than in the paper-pencil version. Students with a
lower academic achievement were more disadvantaged by the VERA computerized test.
The results were inconsistent regarding the interactions between testing mode and
students’ gender and mainly spoken language in everyday life. The variance of the mode
effect across tasks was high. Research into different subjects and in other federal states
and countries under different testing conditions might yield further evidence about the
generalizability of these results.
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Introduction

Performance tests were introduced in Germany about 15 years ago as part of an external
evaluation system conducted in schools. These tests are called “VERA” in several German
federal states. They are implemented in Grade 3 in the subjects Mathematics and German and
in Grade 8 in the subjec ts Mathemat ics , German, Engl i sh and French
(Kultusministerkonferenz, 2016).

Policymakers introduced the VERA tests in order to support school development and
improvement of classroom practices (Kultusministerkonferenz, 2016). By reflecting on the
VERA test results, teachers are supposed to obtain a better insight into their classes’ deficits.
Based on this knowledge they can adapt their teaching, e.g. by repeating content and tasks that
were poorly solved by their students in the VERA tests. In contrary to the United States, where
poor results in performance tests can be sanctioned (e.g. Stecher, 2002), there are no severe
consequences for teachers of low-performing classes in Germany.

In recent years, several German federal states decided to convert the testing mode of the
VERA assessment from paper-pencil testing to computer-based testing. Computer-based
testing reduces copy costs, increases testing efficiency and generates immediate scores for
multiple-choice items (Ejim, 2017). If the practical preparation and execution of VERA tests
was less laborious, teachers’ acceptance of the tests might increase. They would have more
time and might be more motivated to engage in conceptually relevant activities such as
reflecting on their students’ test results. According to the sequential model for lesson devel-
opment proposed by Helmke (2012), a better acceptance of performance tests and a deeper
reflection of test results are positive prerequisites for favourable changes in teaching practices.

However, the introduction of computer-based testing requires that the scores are compara-
ble with those obtained from paper-pencil testing so that students are not disadvantaged by this
new testing medium. If this were not the case and if there was evidence that paper-based tests
and computer-based tests did not produce the same results, there would be a mode effect
between the two testing mediums (Clariana & Wallace, 2002). This issue is especially
important when the results of performance tests are to be compared over time, or when
computer-based performance testing is only partly introduced, as is the case in Germany,
and comparisons between groups tested with different modes should still be possible (Bennett
et al., 2008).

Therefore, the current study investigates whether scores from VERA computer-based
testing differ from scores from paper-pencil testing. Student characteristics, such as gender,
academic achievement and mainly spoken language in everyday life, which might moderate
the size of the mode effect, are also taken into consideration. The variation of the mode effect
across tasks is also examined. The study was conducted using a field experimental design in
four German federal states.

Theoretical background

Advantages and disadvantages of computer-based testing

One practical advantage of computer-based testing is that printing and storing test booklets is
no longer necessary (Thompson & Weiss, 2009). With computer-based testing, constructs can
be measured with a higher validity and objectivity: Having the instructions and tasks read to
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participants by a computer system, as is necessary with preschool children, leads to a higher
degree of standardization than having the materials read by teachers. Automated scoring of test
answers by a computer system is also more objective than scores made by different teachers.
With computer-based testing, more constructs can be measured than by paper-pencil testing.
This applies, for example, for measuring multimedia learning competencies, as videos and
animations can be integrated into tests. The additional collection of intermediate data, such as
response times and mouse movements, is also possible as well as adaptive testing according to
students’ capabilities (Csapó et al., 2014).

A disadvantage of computer-based testing is that investment in testing environments is
expensive. The development of tests is time-consuming and needs careful planning. Some item
formats that are used in paper-pencil testing cannot be implemented in computer-based testing
due to technical reasons. Thus, the comparability between the two testing modes might in
some cases be reduced. During online testing, problems with the internet connection might
occur. Participants’ computer literacy might also have an impact on their test performances
(Kyllonen, 2009).

Comparison of computer-based and paper-pencil performance testing: empirical
evidence

Below, we will give a broad overview of recent research on the comparison of computer-based
testing with paper-pencil testing.

Jerrim (2016) analysed data of the PISA 2012 assessment in mathematics across 32
countries. The analyses yielded inconsistent results: In 11 countries (e.g. Hongkong), student
performance was better in the paper-pencil assessment than in the computer-based assessment.
In 13 countries (e.g. Brazil), the opposite pattern of results was found. Jerrim et al. (2018)
investigated the mode effects in the PISA 2015 test scores in Germany, Sweden and Ireland.
The authors found consistent evidence across countries and across the domains of mathematics
and reading that students perform worse on the computer versions of the test. A further
consideration of the mode effects for each item revealed that there were only small differences
between computer-based testing and paper-pencil testing for 60 to 70% of the implemented
test items.

Ackerman and Lauterman (2012) reported that the test performance of participants who had
read expository texts either from screen or from paper did not differ significantly under a fixed
study time. Under self-regulated study time, there was a mode effect disfavouring computer-
based testing. Eyre (2017) investigated the equivalency of test scores of the computerized and
the paper-pencil PAT reading comprehension test in New Zealand. Students’ test scores were
up to four scale points lower in the computerized version of the test. In the study of Dahan
Golan et al. (2018), fifth- and sixth-graders achieved significantly higher scores in paper-based
than in computer-based reading comprehension tests on narrative and expository texts. The
results of the Norwegian study of Støle et al. (2020) also revealed that fifth-graders’ average
test performance in reading comprehension was lower in the computerized than in the paper-
pencil version of the test.

In the study of Guimarães et al. (2017), students took either a computerized or a paper-
pencil test on clinical anatomy. In the first testing session, students’ test performance was
significantly lower in the computer-based test than in the paper-pencil test. In the second
testing session, the differences between the two testing modes were not significant. Prisacari
(2017) investigated potential mode effects between a computerized and a paper-pencil test in
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the domain of general chemistry in a sample of undergraduate students. There were no
significant differences in the students’ test performance between the two testing modes.

Potential impact of student characteristics on the mode effect

Gender

Recent research has yielded inconsistent evidence concerning gender differences in ICT
literacy (for an overview, see Gnambs, 2021). In the German study of Gnambs (2021), 18-
year-old boys had a slightly better ICT literacy than girls. In a meta-analysis, Siddiq and
Scherer (2019) showed that girls’ ICT literacy was significantly higher than that of boys. Van
Deursen and van Diepen (2013) found no gender differences in information and strategic
Internet skills. However, boys seem to have higher self-efficacy and more confidence in their
higher-level ICT skills than girls (Cai et al., 2017; Fraillon et al., 2014), although there is
evidence that this gender gap is also closing (Gnambs, 2021). The studies of Støle et al. (2020)
and of Jerrim et al. (2018) comparing computer-based assessment with paper-pencil assess-
ment showed no significant interactions between the testing mode and students’ gender for the
majority of participants. In the study of Jerrim (2016), boys outperformed girls in a mathe-
matics assessment. This advantage was bigger for computer-based testing. Due to these
inconsistent findings, it is hard to draw clear conclusions about the impact of students’ gender
on their performance in computer-based and paper-pencil assessments.

Academic achievement

VERA computer-based testing was recently introduced in Germany. Students first have to
adapt to the new testing environment and its requirements. Interacting with the testing
environment might induce an additional cognitive load and, at least in the first testing phase,
might reduce students’ working memory capacity for reflecting on and answering items (e.g.
Sweller, 2020). Therefore, students with a lower academic achievement who have more
difficulties in conceptually solving tasks might struggle more to adapt to the new testing
requirements. However, this line of reasoning is only partly supported by previous empirical
evidence: The study of Eno (2011) showed that high-achieving students profited more from
computer-based than from paper-pencil testing. Jerrim et al. (2018) did not find a significant
interaction between the testing mode and test achievement. In the study of Støle et al. (2020),
top-performing girls were actually disadvantaged by computer-based testing.

Mainly spoken language in everyday life

Students whose mainly spoken language in everyday life is not German often come from
immigrant families. Because these students have fewer opportunities to speak German, it
might be harder for them to read and understand German texts properly compared with other
students (Weis et al., 2019). Furthermore, on average, immigrant families have a lower socio-
economic status than German families (Weis et al., 2019), and immigrant students might be
less likely to have a computer at their disposal at home than other students. Therefore, it might
be more difficult for them to cope with the additional effort of adapting to the new testing
environment in the VERA computer-based assessment of the subject German at least in the
first testing phases. The studies of Eyre (2017) and of Hardcastle et al. (2017) showed that
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students from ethnic minorities or students whose primary language was not the test language
were more disadvantaged by computer-based assessment than other students.

Study aims and hypotheses

VERA computer-based tests were recently introduced in Germany. There is almost no
empirical evidence about the comparability of the scores of the VERA computerized test with
the scores of the VERA paper-pencil test.

Therefore, the first aim of this study is to examine whether the scores from the VERA
computerized test are different from the scores of the VERA paper-pencil test.

German students probably first have to familiarize themselves with the new VERA testing
situation and its requirements. In the current study, students were tested in the subject German
in the domains reading and orthography. In the studies of Eyre (2017), Dahan Golan et al.
(2018) and Støle et al. (2020), students achieved lower reading comprehension scores in
computer-based assessment than in paper-pencil-assessment. Therefore, we make the follow-
ing assumption:

Hypothesis 1: In VERA tests, students perform worse in the computer-based test than in the
paper-pencil test in the subject German.

The second study aim is to investigate whether students’ gender, academic achievement and
mainly spoken language in everyday life moderate the difference between VERA computer-
based testing scores and paper-pencil testing scores.

The results of previous research on gender differences in ICT literacy and on the impact of
students’ gender on their performance in computer-based tests and paper-pencil tests are
inconsistent (e.g. Gnambs, 2021; Jerrim, 2016; Siddiq & Scherer, 2019; Støle et al., 2020).
Therefore, no specific hypotheses are made concerning the impact of students’ gender on the
mode effect in the current study.

Due to the mixed empirical evidence concerning the impact of student academic
achievement on student performance in computer-based testing and paper-pencil testing
(Eno, 2011; Jerrim et al., 2018; Støle et al., 2020), no specific hypotheses are made either on
this issue.

Students whose mainly spoken language in everyday life is not German often have more
problems in reading and understanding German texts and might have fewer computers at their
disposal at home (Weis et al., 2019). Therefore, adapting to the new testing environment might
be more difficult for them than for other students. In the studies of Eyre (2017) and of
Hardcastle et al. (2017), students from ethnic minorities or students whose primary language
was not the test language were more disadvantaged by computer-based testing than other
students. Based on these considerations, we make the following assumption:

Hypothesis 2: Students whose mainly spoken language is not German are more disadvan-
taged by VERA computer-based testing than students whose mainly spoken
language is German.

The third study aim is to explore how consistent the mode effect is across different tasks and
task groups in VERA tests. Therefore, no specific hypotheses are made.
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Method

Study design and procedure

The study was conducted with eighth-graders in secondary schools in four German federal
states in February / March 2019. In three of the four investigated federal states, participation in
the VERA tests in the subject German was obligatory for schools. The computer-based tests
were implemented in a pilot study in two federal states. In general, schools could volunteer to
participate in the computer-based tests; the study therefore had a field experimental design.

Before the paper-pencil test, teachers had to register their classes at an online platform and
had to characterize their students in terms of several sociodemographic variables. In addition,
they were instructed to study supplementary materials about how to conduct the VERA tests.
In most of the investigated federal states, the booklets were printed by a central agency so that
teachers were relieved of this extra effort. The test took 90 min. The time limit for the
orthographic tasks was 37–38 min (depending on the booklet); the time limit for the reading
tasks was 40 min. There was a break of 5 min between the two test sections. At the beginning
of the test, teachers read aloud the standardized instructions to the students. Within the time
limits, students were allowed to turn back pages and correct their answers. After the tests,
teachers had to correct all responses, following the guidelines in a provided manual. Then, they
had to enter the scores at an online platform; they received an immediate report from the
platform with the preliminary results.

Before the computer-based test, teachers also had to register their classes at an online
platform and specify several sociodemographic variables of their students. They were
instructed to study supplementary material about the testing procedure including a manual
of about 25 pages. They could also watch some tutorial videos. In addition, they could
familiarize students with the tasks on the computer before testing. The testing times were
the same as for the paper-pencil testing, except for the introduction, which took 5 min longer.
At the beginning of the test, teachers read aloud the introduction. Students were also given
some additional hints about the test on the screen. Within the time limits, students were
allowed to return to tasks to correct their solutions. They were also allowed to use scrap paper
during the test. After the test, teachers corrected the tasks with an open-ended response format
on the computer. Omitted tasks and multiple-choice items were scored automatically by the
computer system. After having corrected the tasks, teachers received an immediate report with
the preliminary results. The hardware implemented in the tests—that is, the screen resolution
of the monitors, operating systems and browsers—varied across schools.

Measures

Measurement of students’ performance

The students’ performance was measured using a variety of German orthographic and reading
tasks. These tasks were designed to assess the competencies students are supposed to have in
the subject German according to German educational standards (Kultusministerkonferenz,
2016). The suitability of these tasks was verified in a paper-pencil field trial of 1942
participants, which also served as a basis for selecting items from a larger pool. A Rasch
model was used to model the competencies in orthography and reading. A set of items in the
field trial was used to estimate the difficulties of the items in accordance with a quantifiable
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model of the German educational standards, which is scaled to a mean of 500 and a standard
deviation of 100. In order to keep the link with these standards, the item parameters estimated
in the field trial were also used to model the competencies in the actual assessments.

In the German secondary school system, there are different types of schools for students
with different levels of academic achievement. Therefore, the VERA tasks were split into two
different booklets. Booklet 1 contained easier tasks and was recommended for schools with
students with a lower level of academic achievement. This booklet consisted of five ortho-
graphic task groups with 62 single tasks and of three reading task groups with 41 single tasks.
Booklet 2 contained more difficult tasks and was recommended for schools with students with
a higher level of academic achievement. This booklet consisted of five orthographic task
groups with 54 single tasks and of three reading task groups with 38 single tasks. Nevertheless,
23 orthographic tasks and 11 reading tasks were used in both booklets. In addition, the
orthographic tasks were presented before the reading tasks in both booklets. There was less
variation in the instructional format of the reading tasks compared with the orthographic tasks.
The reading tasks typically required students to read a text and solve items that had a multiple-
choice or an open-ended response format. The genre of the text to be read was expository for
one task group of Booklet 1 and for two task groups of Booklet 2. It was narrative for two task
groups of Booklet 1 and for one task group of Booklet 2. In addition to these task formats,
orthographic tasks also required students to put commas in the right places of a text, for
example, or to put hyphens in the right places in a word in order to separate its syllables
correctly.

In both testing modes, the font type and font size used in the booklets was mainly Arial 12.
The tasks were presented only in black and white.

Measurement of students’ characteristics

& Gender

When registering their classes at the online platform, teachers could select from a drop-down
menu to enter whether the student was male or female.

& Academic achievement

As an indicator for the moderating impact of academic achievement on the difference between
computer-based test scores and paper-pencil test scores, we compared the two main effects of
computer-based testing for Booklet 1 and Booklet 2. As Booklet 1 is normally given to
students with lower academic achievement, and Booklet 2 is given to students with higher
academic achievement, this comparison is supposed to give indications of the effect of this
potentially moderating variable.

& Mainly spoken language in everyday life

Some bilingual students mainly speak or hear other languages than German in their everyday
life. Teachers put a cross in the corresponding box at the online platform for these students
when registering their classes.

In addition, teachers were instructed to provide information about students’ learning
disorders, such as dyslexia or hyperactivity, by checking the corresponding boxes at the online
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platform. They were also instructed to enter whether students had repeated a school year. We
included these variables in the analyses as control variables, as they presumably also have an
impact on students’ test performance.

Sample

In the four investigated federal states, 42,115 students participated in both domains of the
VERA tests. The students were from 2182 different classes and from 630 different schools.
Within this sample, 37,836 students (89.8%) participated in the paper-pencil test, and 4279
students (10.2%) participated in the computer-based test.

We excluded several students and classes from the statistical analyses. Students were
excluded if they had special education needs or if they had participated in only either reading
or orthography. Schools that voluntarily participated in the VERA tests were also excluded.
This mostly concerned private schools or schools that care for children with special needs. In
addition, we excluded classes that had technical problems conducting the computer-based
tests. After this filtering procedure, 37,839 students remained in the sample.

The sizes of the computer-based and the paper-pencil test samples were very heteroge-
neous. In order to reduce the size of the paper-pencil test sample and to make it more
comparable with the computer-based test sample regarding several context variables, we used
“Propensity Score Matching” (Ho et al., 2011). Classes from the same federal state that solved
the same booklet (1 or 2) and that were working towards attaining comparable school degrees
were grouped together. Within each of these groups, the matching procedure was used in order
to select a sample of classes within which several class characteristics were balanced as best as
possible between the two testing conditions. The considered characteristics were class size,
gender proportions, the proportion of students who did not speak German properly or whose
mainly spoken language was not German, the proportion of students with special educational
needs and the proportion of students who had to repeat the year. After this matching procedure,
the standardized mean differences of all context variables between the two conditions were
smaller than .01.

Table 1 shows the sizes of the whole sample and of the sub-samples that were used for the
statistical analyses.

Table 2 shows the frequencies of the investigated student characteristics in the computer-
based test condition and in the paper-pencil test condition for both booklet sub-samples.

Table 2 shows that, in the sub-sample that completed Booklet 2, the number of students that
had German as the non-dominant language, who were repeating Year 8 or had learning
disorders, was rather low.

Table 1 Sample sizes of the whole sample and of the sub-samples that completed Booklet 1 and Booklet 2

Computer-based testing Paper-pencil testing Total

Schools Classes Students Schools Classes Students Schools Classes Students

Whole sample 52 148 2318 113 148 2822 165 296 5140
Sub-sample Booklet 1 34 95 1420 70 95 1726 104 190 3146
Sub-sample Booklet 2 18 53 898 43 53 1096 61 106 1994
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Statistical analyses

In order to test the hypotheses concerning the main effect of computer-based testing and its
interactions with student characteristics, we used multilevel modelling. On the first level, we
examined the predictors “Mode”, “Gender”, “German as non-dominant language” and the
control variables “Learning disorder” and “Year repetition”. On the second level, we took into
account the fact that the students belonged to different classes, but included no further
predictors. The dependent variable was student performance as measured by the Rasch model.
We calculated one model for each combination of booklet and domain. To estimate the
coefficients, we used the REML-method in the packages “lme4” and “lmerTest” of the
statistical software “R”.

In order to investigate the mode effects on an item-by-item basis, we calculated the fraction
of correct solutions for each item under both conditions.

Results

Tables 3, 4, 5, and 6 show the results of the multilevel analyses.
Table 3 shows that in the orthographic domain of Booklet 1 student performance in the

VERA computer-based test was significantly lower than student performance in the VERA
paper-pencil test. The effect size was about two-thirds of a standard deviation. Girls had
significantly higher scores than boys, but this advantage was lower in the computer-based test.

Table 2 Frequencies of the investigated student characteristics in the computer-based test condition and in the
paper-pencil test condition for both booklet sub-samples

Computer-based testing Paper-pencil testing

Girls GND YR LD Girls GND YR LD

Sub-sample Booklet 1 660 (46.5%) 99 (7.0%) 16 (1.1%) 47 (3.3%) 793 (45.9%) 122 (7.1%) 27 (1.6%) 55 (3.2%)

Sub-sample Booklet 2 451 (50.2%) 10 (1.1%) 5 (0.6%) 13 (1.4%) 574 (52.4%) 11 (1.0%) 7 (0.6%) 19 (1.7%)

Girls = frequency of girls as an indicator for sex distribution, YR year repetition, GND German as non-dominant
language, LD learning disorder

Table 3 Results of the mode effect and its interactions with student characteristics (Orthography, Booklet 1)

Coefficient SE t-value p

Intercept 449.64 5.82 77.22 < .001***
CBT − 64.33 8.39 − 7.66 < .001*** (one-tailed)
Sex − 40.52 4.32 − 9.37 < .001***
GND − 46.34 10.22 − 4.53 < .001***
YR 5.46 18.44 .30 .77
LD − 61.41 12.46 − 4.93 < .001***
CBT × sex 13.27 6.44 2.06 .04*
CBT × GND − 18.98 14.04 − 1.35 .09 (one-tailed)
CBT × YR − 33.76 29.41 − 1.15 .26
CBT × LD 12.46 18.41 .68 .50

CBT computer-based testing, sex: girls = 0, boys = 1, GND German as non-dominant language, YR year
repetition, LD learning disorder
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Students who did not mainly speak German in their everyday life performed non-significantly
worse in the VERA computer-based test than other students.

In the reading domain of Booklet 1, student performance in the VERA computer-based test
was again significantly lower than in the VERA paper-pencil test (see Table 4). This difference
was again about 60 points. Similarly to in the orthographic domain, girls performed signifi-
cantly better than boys, but this difference was smaller in the computer-based test. There was
no interaction between testing mode and students’ mainly spoken language in everyday life.

Table 5 shows that student performance in the orthographic domain of Booklet 2 was more
than one standard deviation (120 points) higher than student performance in Booklet 1. Again,
students performed significantly worse in the VERA computer-based test than in the paper-pencil
test. The difference in score was about 33 points and therefore only half as high as for Booklet 1.
Girls performed significantly better than boys. Conversely to Booklet 1, there was no interaction
between testing mode and students’ gender. Students with German as the non-dominant language
were significantly disadvantaged in the VERA computer-based test comparedwith other students.

In the reading domain of Booklet 2, the students’ performance was again more than one
standard deviation higher than in Booklet 1 (see Table 6). Students’ performance in the VERA
computer-based test was again significantly lower than in the paper-pencil test, and the effect
size was about the same as in the orthographic domain (28 points). Girls scored significantly
higher than boys and seemed to perform slightly better in the VERA computer-based test.

Table 4 Results of the mode effect and its interactions with student characteristics (Reading, Booklet 1)

Coefficient SE t-value p

Intercept 467.82 6.25 74.89 <.001***
CBT − 60.79 9.00 − 6.75 < .001*** (one-tailed)
Sex − 23.04 4.62 − 4.99 < .001***
GND − 77.47 10.92 − 7.09 <.001***
YR − 4.74 19.69 − .24 .81
LD − 32.15 13.30 − 2.42 .02*
CBT × sex 14.12 6.88 2.05 .04*
CBT × GND 7.72 15.00 .52 .61
CBT × YR 2.79 31.41 .09 .93
CBT × LD 32.95 19.66 1.68 .09

CBT computer-based testing, sex: girls = 0, boys = 1, GND German as non-dominant language, YR year
repetition, LD learning disorder

Table 5 Results of the mode effect and its interactions with student characteristics (Orthography, Booklet 2)

Coefficient SE t-value p

Intercept 569.80 6.67 85.39 < .001***
CBT − 32.88 9.68 − 3.40 < .001*** (one-tailed)
Sex − 20.40 4.37 − 4.67 < .001***
GND − 41.71 21.77 − 1.92 .06
YR − 11.56 26.92 − .43 .67
LD − 82.64 16.40 − 5.04 < .001***
CBT × sex − 8.99 6.52 − 1.38 .17
CBT × GND − 71.27 31.63 − 2.25 .01* (one-tailed)
CBT × YR − 89.21 41.75 − 2.14 .03*
CBT × LD 43.93 25.47 1.73 .09

CBT computer-based testing, sex: girls = 0, boys = 1, GND German as non-dominant language, YR year
repetition, LD learning disorder
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Students with German as the non-dominant language were strongly disadvantaged in the
VERA computer-based test.

All of the above results hinge on the assumption that, apart from the testing mode, the
computer-based tasks and the paper-pencil tasks measure the same competencies in an
analogous way. This was addressed by our third study aim, namely to determine whether
the size of the mode effect varied across tasks or task groups. If it did, the psychometric model
used to model the competencies could no longer be assumed to hold.

The linear correlation between the item solution rates under the paper-pencil and computer-
based condition seemed to be sufficiently high for both reading blocks (r = .97) and for
orthography in Booklet 1 (r = .95). For orthography in Booklet 2, however, the correlation was
only r = .91, indicating important deviations in item difficulties. The mode effect on the task
solution rates is explored further in Figs. 1, 2, 3, and 4. The long vertical lines in the figures
represent different task groups.

Table 6 Results of the mode effect and its interactions with student characteristics (Reading, Booklet 2)

Coefficient SE t-value p

Intercept 579.41 7.60 76.28 < .001***
CBT − 28.33 11.07 − 2.56 .005** (one-tailed)
Sex − 14.12 5.70 − 2.48 .01*
GND − 88.30 28.37 − 3.11 .002**
YR − 66.42 35.10 − 1.89 .06
LD − 14.43 21.38 − .68 .50
CBT × sex − 14.66 8.49 − 1.73 .09
CBT × GND − 72.67 41.21 − 1.76 .04* (one-tailed)
CBT × YR − 29.11 54.41 − .54 .59
CBT × LD − 32.09 33.23 − .97 .33

CBT computer-based testing, sex: girls = 0, boys = 1, GND German as non-dominant language, YR year
repetition, LD learning disorder

Fig. 1 Mode effects for each item in the orthographic domain of Booklet 1
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Figures 1, 2, 3, and 4 show that the correct solution rates were lower for VERA computer-
based testing compared with VERA paper-pencil testing for 175 out of 195 items (89.7%). The
size of the mode effect seemed to vary across task groups. This variation was stronger in the
orthographic than in the reading domain. A close inspection and explorative analysis did not
reveal any task characteristics that consistently predicted the size of the mode effect
disfavouring computer-based testing. On average, small mode effects were found for Task
Group 3 of the orthographic domain in both booklets (Figs. 1 and 3). These tasks had a clear

Fig. 2 Mode effects for each item in the reading domain of Booklet 1

Fig. 3 Mode effects for each item in the orthographic domain of Booklet 2
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instructional format requiring students to put commas in the right places of a text which
involved using the mouse in the computer-based test. On average, large mode effects were
found for Task Group 4 of the orthographic domain in Booklet 2 (Fig. 3). These tasks had a
complex instructional format, requiring students to take several actions; they had to both check
boxes using the mouse and type answers using the keyboard in order to solve the tasks in the
computer-based test. Students might have also had to scroll back up the screen to re-read the
instructions. There were also variations of the mode effect within task groups which could not
be explained as the tasks had the same instructional format.

Discussion

Summary of results and conclusions

The results of the current study revealed that student performance in the German VERA tests in
the year 2019was significantly lower in the computer-based test than in the paper-pencil test in the
subject German. This result applied to the testing domains orthography and reading and for both
test booklets, which were completed by different student samples with varying levels of academic
achievement. The effect sizes were rather high: For Booklet 1, the difference between the
computer-based and paper-pencil test scores was about .60 standard deviations; for Booklet 2 it
was about .30 standard deviations. Therefore, Hypothesis 1 was confirmed: Students performed
worse in the VERA computer-based test than in the paper-pencil test. The results are consistent
with the results of the studies of Eyre (2017), Dahan Golan et al. (2018) and Støle et al. (2020), in
which students achieved lower reading comprehension scores in computer-based tests than in
paper-pencil tests. The poorer student performance in the computer-based test might have been
because students were not yet accustomed to this kind of testing. Most of the tests and exams in
the classroom are still written in the paper-pencil format. Computer-based testing offers several

Fig. 4 Mode effects for each item in the reading domain of Booklet 2
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advantages but also involves challenges, such as typing long phrases using a keyboard or scrolling
to find a specific piece of information to solve a task. Students first have to become used to
meeting these demands before they can fully concentrate on understanding and solving the tasks
conceptually. In addition, teachers also have to become accustomed to conducting computer-
based performance tests. Teachers supervising the computer-based testing condition were possi-
bly more insecure and had more technical difficulties than the teachers in the paper-pencil testing
condition, which could have negatively affected the atmosphere during the test.

The results regarding the interaction between the testing mode and students’ gender were
inconsistent. In this study, the girls outperformed the boys. This advantage decreased signif-
icantly in the computer-based condition in both domains of Booklet 1, but it non-significantly
increased in both domains of Booklet 2. These ambiguous results are in line with the
inconsistent findings of recent research on gender differences in ICT literacy, ICT self-
efficacy and the impact of students’ gender on the mode effect between computer-based
testing and paper-pencil testing (e.g. Gnambs, 2021; Jerrim, 2016; Støle et al., 2020).

As a descriptive indicator for the moderating effect of students’ academic achievement, we
compared the two mode effects between computer-based and paper-pencil testing for the
different VERA test booklets. Teachers were instructed to use Booklet 1 to test classes with a
lower level of academic achievement. Booklet 2 was recommended for higher-achieving
classes. The students’ test scores were more than one standard deviation higher in both
domains in Booklet 2 compared with Booklet 1. The analyses showed that the disadvantage
of the computer-based testing condition for Booklet 2 was only half as high as for Booklet 1.
Thus, students with lower academic achievement seemed to be more disadvantaged by
computer-based testing than students with higher academic achievement in the VERA perfor-
mance tests. This result is in line with the findings of Eno (2011). It might also support the
argumentation that low-achieving students have more problems with conceptually solving
tasks and might therefore be more easily overburdened by the additional effort of adapting to
the new testing environment than high-achieving students.

Students who did not mainly speak German in their everyday life generally performed worse
than other students. There was some evidence that they were disadvantaged by VERA computer-
based testing but the effects were inconclusive for Booklet 1. Furthermore, only few children with
German as the non-dominant language were tested with the second booklet, where the effects
were much larger. Thus, the second hypothesis, namely that students whose mainly spoken
language is not German are disadvantaged byVERA computer-based testing, could only partly be
confirmed. Nevertheless, students who had fewer opportunities to speakGerman in their everyday
lives tended to have more difficulties with VERA computer-based testing in the subject German
than other students. Students who are less accustomed to speaking German might have more
problems solving the German orthographic and reading tasks and, therefore, be overburdened
more easily by the new testing requirements. In addition, these students often come from
immigrant families that have a lower socio-economic status on average (Weis et al., 2019) and
might therefore be less likely to have a computer at their disposal at home.

Even though it seems that some students might have been disadvantaged by VERA
computer-based testing in 2019, it should be stated that, once familiarized with this new
testing medium, students might profit from computer-based testing in the long term. For
example, in computer-based testing, students can listen to pre-recorded instructions which are
read aloud (Csapó et al., 2014), thus reducing irrelevant reading comprehension difficulties,
e.g. in mathematics assessments. In addition, the implementation of new item formats, such as
videos, and adaptive testing is possible in computer-based tests (Csapó et al., 2014).
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It has to be noted that all of the above results have to be regarded with some caution
because the mode effect varied across tasks. This indicates that the change of testing mode did
not result in an identical shift in item difficulty, but affected at least some of the items in other
ways. Thus, it cannot be assumed that the computer-based version of the assessments measures
the target competencies in strictly the same way as the paper-pencil test. As discussed below,
this problem was more pronounced for orthography than it was for reading.

The third study aim was to investigate the variance of the mode effect across tasks. The
explorative results of the current study revealed that the correct solution rates were lower for
the computer-based test compared with the paper-pencil test for 175 out of 195 items. The size
of the mode effect varied both across tasks and task groups. The variation across task groups
was stronger in the orthographic than in the reading domain. This might have been due to the
different instructional formats of the orthographic task groups, whereas the instructional
formats of the reading task groups were quite similar to each other. It remains unclear which
task characteristics lead to stronger mode effects, as a preliminary explorative analysis did not
reveal any consistent results. This is in line with the results of Poggio et al. (2005) who did not
find any clear factors accounting for items that are more difficult in computer-based testing,
despite having conducted a close inspection of these items. In the current study, small mode
effects disfavouring computer-based testing were found for Task Group 3 in the orthographic
domain of Booklets 1 and 2. These tasks had a clear instructional format, requiring students to
put commas in the right places of a text using the mouse in computer-based testing. They did
not require scrolling. The largest mode effects were found for Task Group 4, also in the
orthographic domain of Booklet 2. These tasks had a complex instructional format, requiring
students to give answers both by checking boxes with a mouse and by typing out answers on a
keyboard in the computer-based test. In order to re-read the instructions, students had to scroll
up the screen. One first assumption might be that simple tasks without scrolling and where
only the use of the mouse is required might lead to smaller mode effects disfavouring
computer-based testing. Complex tasks that require scrolling and the use of both mouse and
keyboard might cause larger mode effects. However, further studies analysing the impact of
task characteristics on mode effects more deeply are needed to confirm these assumptions.

Implications

In sum, the results of the current study revealed that there was a stronger mode effect
disfavouring the computer-based version of VERA tests compared with the paper-pencil
version. This mode effect was consistent across different testing domains and test booklets.
This implies that the computer-based test scores in the VERA tests in the year 2019 in the
subject German were not directly comparable with the paper-pencil test scores from previous
years or from other federal states. The equivalency of computer-based test scores and paper-
pencil test scores was not yet given.

Students’ disadvantage in computer-based performance testing might decrease in the coming
years as they become more and more accustomed to this new testing medium and its require-
ments. Teachersmight also acquire a routine and becomemore confident in conducting computer-
based performance tests. Nevertheless, this development could be accelerated by integrating
computer-based tests and examinations into normal classroom routines more frequently. In
addition, students could be explicitly instructed on how to meet the requirements of computer-
based testing. Teachers should become more professionalized in developing and conducting
computer-based test formats. Head teachers might motivate them to use this new testing format.
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As a further supportive measure, head teachers could encourage collaboration among teachers
regarding the implementation of computer-based testing. Finally, a teacher with technical exper-
tise could be assigned to help the other teachers with conducting computer-based testing.

Students with lower academic achievement and with German as the non-dominant lan-
guage tended to achieve lower scores in VERA computer-based testing. Teachers might
prepare these students more intensely before and support them more during the performance
tests, at least during the first testing cycles.

In principle, teachers have the opportunity to familiarize students with tasks of the VERA
computer-based tests. They could be more encouraged by head teachers or by instructions in
the supplementary material to make use of this offer.

Methodological constraints

A major constraint was the fact that the assessments were designed and psychometrically
modelled solely with paper-pencil testing in mind. Thus, the tasks had to be adopted to a
computer-based format.

The number of students whose dominant language was not German was rather low for Booklet 2.
Another deficit of the study was its field experimental design. Schools volunteered to

participate in computer-based testing. Thus, better equipped and more innovative schools
might have conducted computer-based performance testing.

Finally, it remains unclear as to whether and to what extent the higher paper-pencil test
scores compared with computer-based test scores were caused by teachers correcting the tasks
less strictly than the computer system.

Research perspectives

Further studies on the mode effect between computer-based and paper-pencil performance
testing should be conducted with experimental designs and large sample sizes. Drawing
randomized samples from the whole school population might ensure that the samples,
especially in computer-based tests, are more representative.

In the current study, we analysed the impact of task characteristics on the mode effect only
exploratively and cannot draw any clear conclusions yet. Therefore, further studies involving
quantitative regression modelling and qualitative task analyses should investigate the impact of
task characteristics on the mode effect more deeply.

Finally, previous research has shown that the mode effects between computer-based testing
and paper-pencil testing are often inconsistent and seem to depend on different factors. The results
of the current study are valid for VERA performance tests in the subject German in four German
federal states in the year 2019. They apply to the specific testing conditions under which the tests
were conducted. The generalizability of the results to other federal states and countries, subjects,
years and testing conditions remains unclear. Therefore, the mode effect between computer-based
and paper-pencil performance testing needs to be investigated further. Research into different
subjects and in other federal states and countries under different testing conditions might lead to a
better understanding of the mode effect and its moderating factors.
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