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Abstract. The use of digital media in education can bring great benefits and its use in schooling is steadily increasing. Administrating paper-
versus computer-based as well as fixed-item versus adaptive tests could create differences in test experience, which can threaten the
comparability of test results. This study investigated how the pen-and-paper, computer-based, and computer-adaptive test formats of a
standardized reading comprehension test affect test anxiety and motivation among German fourth-grade students. A within-class randomized
field trial with 387 fourth graders (aged: 9-10 years; 46.3% female) was conducted. Repeated-measures analysis of covariance (ANCOVA)
revealed no differences in state test anxiety between the test formats when controlling for trait test anxiety and pre-test state anxiety, but
state reading motivation was initially higher when reading on a screen, controlling for trait reading motivation. However, this difference
diminishes over the course of the test. Implications for using digital media in elementary school test situations are discussed.
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OPEN DATA

Digital media offer opportunities for teachers to improve
the teaching, monitoring, and evaluation of their student’s
learning progress. Digitalization has particularly advanced
the field of student assessment. Replacing pen-and-paper
tests (PPT), digitally administered computer-based tests
(CBT) and computer adaptive tests (CAT) have recently
increased in popularity. For instance, large-scale assess-
ments (LSA) like the Progress of International Reading
Literacy Study (PIRLS) are switching to CBTs (Hufdmann
et al., 2017), while the Programme for International Student
Assessment (PISA) is adopting adaptive tests (Yamamoto
et al, 2019). CATs estimate an examinee’s ability through-
out the test and use this estimate to administer items that
provide the highest amount of information to estimate their
ability, making them more efficient than fixed-item tests
(FIT; e.g., Ling et al., 2017). However, doubts about the
direct comparability of these formats with regard to the test
experience have been raised (e.g., Chua, 2012; Colwell,
2013).

Most research on test experience compares only two of
the three test formats (PPT, CBT, or CAT) simultaneously.
For instance, Chua (2012) compared the test motivation
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experienced in PPTs and CBTs and Martin and Lazendic
(2018) investigated test anxiety in CBTs and CATs. In con-
trast, the effects of test formats on the test experience of
elementary school students taking tests of reading compre-
hension, which is an important predictor for educational
success (e.g., Schwabe et al., 2015), are fairly fairly unex-
plored. This study presents a systematic experimental study
investigating the effects of different test formats on test
experience among elementary school students during and
after a reading comprehension test.

Test Experience

When confronted with a test within a given time frame in a
classroom setting, students can experience test anxiety (von
der Embse et al., 2018) as well as test motivation (Chua,
2012; Weiss & Betz, 1973). Test anxiety refers to a set of
emotional, physiological, and behavioral responses that
accompany a person’s concerns about possible negative con-
sequences of failure on a test or other evaluative situation
(Sieber et al., 1977). Test motivation or test-taking motiva-
tion is a specific form of achievement motivation and can
be conceptualized as a situation-specific motivation to per-
form well in an evaluative situation (Baumert & Demmrich,
2001). During a test, both test anxiety and test motivation
are tied to the specific situation (state) and are depen-
dent on people’s predispositions (traits). While states are
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situation-specific and bound to a particular point in time,
traits are stable attributes (Tremblay et al., 1995). When
investigating the effects of test formats on states, it is
important to consider the role of the associated traits (e.g.,
Tremblay et al., 1995; Zohar, 1998).

Test Anxiety

In the additive model of test anxiety, test anxiety is under-
stood as consisting of state and trait test anxiety (Zohar,
1998). State test anxiety can be influenced by several
factors, such as the perceived importance of the test, the
examinee’s preparedness, or the level of self-confidence.
An individual’s state test anxiety results from their trait test
anxiety as well as situation-specific variables. Higher levels
of trait test anxiety lead to higher levels of state test anxiety
(Paulman & Kennelly, 1984).

Differences in Test Anxiety Between Test Media

Older studies reported that CBT can elicit test anxiety,
often in conjunction with computer anxiety (e.g., Shermis
& Lombard, 1998). However, the now-ubiquitous presence
of computers has made computer anxiety less relevant for
children today (dos Santos & de Santana, 2018). Recently,
Sahlan et al. (2021) found no differences in test anxiety
between PPTs and CBTs for 11- to 16-year-old high school
students taking an English language test.

Differences in Test Anxiety Between Test Modes
Adaptive test administration could influence text anxiety
(Colwell, 2013). In a CAT, all examinees answer approxi-
mately the same proportion of items correctly, regardless
of their ability. However, examinees often expect to answer
more or fewer items correctly based on their habitual
expectations. This disconnect between the proportion of
items answered correctly and the examinees’ expectations
can negatively affect an examinee’s test anxiety and moti-
vation (Tonidandel et al.,, 2002). Ling et al. (2017) com-
pared the effects of different configurations of CATs and
FITs in a short mathematics test for grades six to eight.
Participants reported lower levels of state test anxiety in
the FIT condition than in the CAT. Similarly, Martin and
Lazendic (2018) found that 3rd to 9th-grade students expe-
rienced higher levels of state test anxiety in the CAT condi-
tion than in the CBT condition for a mathematics test.
Ortner and Caspers (2011) discovered an interaction effect
between trait test anxiety and administration mode. They
observed that examinees with high levels of trait test anxi-
ety performed worse in a CAT than in a FIT and concluded
that adaptive tests may exhibit biases to the disadvantage of
examinees with high levels of test anxiety.

In conclusion, there is reason to believe that test formats
may differ in terms of how much test anxiety examinees
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experience. However, the effects of different test formats
on experienced state anxiety among young readers are
inconclusive.

Test Motivation

Similar to anxiety, state motivation is a function of trait
motivation and situational characteristics (Tremblay et al.,
1995). This view extends to test-taking motivation (Helm
& Warwas, 2018). In the case of a reading comprehension
test, state reading motivation is highly relevant. As a moti-
vational state, it is tied to a reading task and assesses a
student’s willingness to engage with the test subject in
the form of reading test items. As such, a student’s state
of reading motivation within a reading comprehension test
reflects their motivation to engage with the test items and
hence with the test itself (Lepper et al., 2021). State reading
motivation is affected by situational characteristics and
individual traits.

Differences in Test Motivation Between Test Media

There are reasons to expect that testing on a screen can
improve motivation among elementary school students.
Empirical studies have found that digital media can increase
children’s motivation to read (Picton, 2014) as well as their
test-taking motivation (Chua, 2012). One probable cause is
the novelty effect (Shin et al., 2019), which states that new
experiences can generate positive attitudes simply due to
their novelty. Though today’s students are more accus-
tomed to digital media, schools in Germany rarely make
use of computers for testing purposes (Fraillon et al., 2020).

Differences in Test Motivation Between Test Modes
In the 1970s, Weiss and Betz (1973) argued that CATs could
have beneficial effects on test motivation, as CATs chal-
lenge high-ability students more and discourage low-ability
students less, thus increasing motivation. However, evi-
dence for this view has been lacking. Both Frey et al
(2009) in a concentration test and Ortner et al. (2014) in
a reasoning test found small negative effects of CATs on test
motivation measured as the perceived probability of suc-
cess. For elementary school students, Martin and Lazendic
(2018) found no significant difference between test modes
on motivation in a mathematics test. Nevertheless, there
are plausible arguments for the effects of CATs on test moti-
vation, although the exact nature of such effects is unclear,
especially with regard to reading comprehension tests.

Current Study

Previous research on how test formats can affect the test
experience of young readers taking a reading comprehen-
sion test is limited. It is important to investigate whether
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theoretical expectations stemming from studies with older
students hold for young students who have less experi-
ence with tests. Hence, this study investigates the effects
of the PPT, CBT, and CAT test formats on the test experi-
ence of 4th-grade students via the following research
questions:

Research Question 1 (RQI): To what extent does
administering a reading comprehension test as a
PPT, CBT, or CAT affect the test anxiety of fourth
grade students?

Research Question 2 (RQ2): To what extent does
administering a reading comprehension test as a
PPT, CBT, or CAT affect the reading motivation of
fourth grade students?

Based on the argument by Colwell (2013) that CATs may
increase test anxiety, the first hypothesis states that
fourth-grade students’ state test anxiety will be higher in
a CAT than in a PPT or CBT, with no differences between
the PPT and CBT (Hypothesis 1, H1). The second hypothe-
sis states that reading motivation is lower in the PPT
condition than in the CBT and CAT (Hypothesis 2a,
H2a), based on the assumption that digital test formats
increase students’ motivation (Chua, 2012). Due to the
novelty effect, it is furthermore expected that this differ-
ence is greater in the middle of the test than at its end
(Hypothesis 2b, H2b).

Method

Participants

To investigate the hypotheses, 526 German fourth-grade
students from 27 classes in 12 different elementary schools
in western Germany were sampled between October 2020
and December 2021. The operational sample consisted of
N = 387 students (46.3% female) who provided parental
consent. The data from the 139 students who did not have
parental consent was deleted. University ethics approval
was obtained (GEKTEDO 2020 26). The students’ mean
age was 9.53 (SD = 0.66) years; 13.5% were not born in
Germany. Students were assigned to one of three experi-
mental groups within their class at random (Nppr = 120,
Ncgr = 135, Ncar = 132). There were no differences
between the students in the three test formats regarding
gender, ¥*(2) = 3.35, p = .187, country of birth (native-
born or immigrant), y*(2) = 4.67, p = .097, test perfor-
mance, F(2, 384) = 0.05, p = .950, or mid-year grade in
German language arts, F(2, 272) = 1.73, p = .179, as an indi-
cator of students’ academic performance level.
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Instruments

Test Anxiety

Trait test anxiety was measured with a shortened version of
the German Test Anxiety Inventory (TAI-G; Wacker et al.,
2008) by Bertrams and Englert (2014). There are five items
for worry and four for emotionality. State anxiety was
measured with the State-Trait Anxiety Inventory State-
Kurzskala-Deutsch (STAI-SKD), which consists of two
items for worry and three for emotionality, though differen-
tial analyses of the two subscales are not recommended
(Englert et al., 2011).

Reading Motivation

Trait reading motivation was measured with three state-
ments from the reading motivation scales used in PIRLS
2016 (Huflimann et al., 2017). A fourth item (“I enjoy read-
ing”) was added to the scale. The state reading motivation
scale was based on a four-item scale used in the German
national supplementary test for PISA 2000 (Kunter et al.,
2002) and adapted to the reading task at hand (Lepper
et al., 2021).

Reading Comprehension

The Faire und adaptive Lesekompetenzdiagnose (FALKE)
is a reading comprehension test for German third- and
fourth-grade students (Ludewig et al., 2021). It consists of
44 narratives and 41 expository texts with a mean length
of 60.15 (SD = 17.67) words. There are 69 text-based and
63 inference-based calibrated multiple-choice items. Some
items share a text, though texts are not administered twice.
In all conditions, 25 items were administered. For the FIT
(i.e. both the PPT and CBT), items were selected based
on simulations of the adaptive version of the test using
the R-library catR (Magis & Raiche, 2012) in R 4.1.2 (R Core
Team, 2022). Selection criteria for items were the probabil-
ity of being chosen for the adaptive test and difficulty, text
type, and question type. FIT item difficulties were normally
distributed.

The test formats were held visually and conceptually
equivalent, with the PPT printed on ISO 216 A5 sheets in
landscape format, one item per page. The constraints of
the CAT were also implemented for the CBT and PPT.
Specifically, students were unable to return to a previous
item in both the CBT and PPT versions, as this was not
possible in the CAT.

To account for rapid guessing behavior, responses in the
CBT and CAT within four seconds were considered as not
administered (see Wise & DeMars, 2006). Reading com-
prehension scores were calculated with weighted likelihood
estimates (Warm, 1989) with fixed calibrated item parame-
ters using the library catR (Magis & Raiche, 2012). The
WLE reliability of the reading comprehension test was good
for all test formats (PPT: Rel.wi g = .82; CBT: Rel.yyr g = .80;
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CAT: Rel.wr g = .89). More detailed descriptions of the mea-
sures can be found in the supplementary materials (ESM 1,
Briiggemann, 2023).

Procedure

The study used both a within-subject and a between-subject
design. Students were tested in their classrooms by two
trained test administrators. Participants were assigned to
one of the three formats (PPT, CBT, and CAT) at random.
Prepared at each student’s desk were a tablet and a paper-
based introductory questionnaire containing trait scales for
anxiety and reading motivation as well as questions on
sociodemographic variables. After all students had finished
the introductory pre-test questionnaire, participants were
informed that they would be completing a reading compre-
hension test. Immediately afterwards, they were asked to
rate their pre-test state anxiety. Only afterward did students
receive their assigned test format and commence with the
reading comprehension test. After the 12th item (midway),
as well as after the last item (post-test), the state measures
for anxiety and reading motivation were administered.

Analyses

In order to investigate differences between the test formats
regarding test anxiety (H1), a repeated-measures analysis of
covariance (ANCOVA) with midway and post-test state
anxiety as repeated measures, test format as a between-
subjects factor and trait anxiety and pre-test state anxiety
as covariates were calculated. A repeated-measures
ANCOVA with state reading motivation as a within-subject
factor, test format as a between-subjects factor, and trait
reading motivation as a covariate was used to test H2a
and H2b. Analyses were conducted with IBM SPSS 28.

Due to low rates of missing values, listwise deletion was
used. Missing values were lowest for the midway-state anx-
iety measure (2.3%) and highest for the post-test reading
motivation scale (6.5%).

Results

Manipulation Check

We compared the mean of the average percentage of cor-
rect answers of the students in the FITs and the CAT in
order to check whether the CAT performed as expected.
The variance of the percentage of correct answers per stu-
dent should be substantially lower in the CAT than in the
FITs. In FITs, students’ percentage of correct answers var-
ies as a function of their ability. In a perfectly adaptive CAT,
all students should have the same percentage of correct
answers because the CAT adapts the item to the students'
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ability. However, in practice, the item pool is limited; thus,
students can receive items that are not perfectly matching
their estimated ability. Therefore, the difference in variance
in percentage of correct answers between FIT and CAT
indicates the degree of the adaptivity of the CAT. The vari-
ance in the percentages of correct answers was statistically
significantly lower in the CAT (o® = 3.82) than in the FITS
(0 = 5.21), F(1, 383) = 6.19, p = .013, indicating that the
CAT performed as expected. The percentage of correct
answers in the FITs (M = 64.5%, SD = 2.28) and the CAT
(M = 60.6%, SD = 1.96) per student did not differ statisti-
cally significantly, £(303) = 1.76, p = .079.

Test Experience

Descriptive statistics for the different measures of test expe-
rience are displayed in Table 1. The scales were generally
reliable (Qmin = .67, Omax = .91). Pre-test anxiety was
descriptively highest in the adaptive condition, but the dif-
ferences were not statistically significant, F(2, 369) = 2.78,
p =.063. There was no difference between the test formats
regarding trait test anxiety, F(372, 2) = 0.42, p = .651, or trait
reading motivation, F(372, 2) = 0.69, p = .650.

Correlations between corresponding trait and state mea-
sures were weak to moderate in the expected directions,
with trait anxiety correlating weakly with the state anxiety
measures (", = .356), and the state anxiety measures cor-
relating moderately with each other (7, = .539). Similarly,
the correlation between trait and state reading motivation
was weak (i, = .329), while midway and post-test reading
motivation correlated strongly with each other (r = .849).
Intercorrelations among all variables can be found in the
supplementary materials (Table S2 in ESM 2, Briiggemann,
2023).

Test Anxiety

Repeated measures ANCOVA found no effects of test for-
mat on state anxiety. There was no statistically significant
difference between the test formats, F(2, 345) = 1.88, p =
.155; test anxiety did not differ between measurement
points, F(1, 345) = .02, p = .896; nor was there an interac-
tion effect between state anxiety and test format,
F(2, 345) = 0.07, p = .935. State anxiety was predicted by
both covariates for pre-test anxiety, F(2.345) = 73.14, p <
.001, and trait anxiety, F(2, 345) = 16.94, p < .001. Figure 1
shows the estimated marginal means of state anxiety over
the course of the test for all three test formats. There were
no statistically significant differences between the test
formats regarding test anxiety, leading us to reject H1.

Reading Motivation

The second repeated-measures ANCOVA found that state
reading motivation did not differ between the measurement
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Table 1. Means (M), standard deviations (SD), and reliability coefficients (a) for the test experience measures of trait test anxiety, state test
anxiety, trait reading motivation, and state reading motivation by test format and measurement point

Test anxiety

Reading motivation

Test format Measurement point M SD a M SD a
PPT Trait 2.26 0.66 .83 3.27 0.87 .88
State pre 1.96 0.68 .69
State midway 1.83 0.69 .76 2.66 0.87 .88
State post 1.90 0.84 .85 2.71 0.96 91
CBT Trait 2.25 0.65 .83 3.35 0.84 91
State pre 1.98 0.66 .67
State midway 1.96 0.68 .67 2.92 0.78 .79
State post 2.00 0.82 .78 2.79 0.93 .89
CAT Trait 2.32 0.64 .82 3.26 0.82 .86
State pre 214 0.68 .67
State midway 2.05 0.69 .68 3.03 0.80 .78
State post 2.13 0.90 .82 2.90 0.96 .90
Total Trait 2.27 0.65 .83 3.29 0.83 .89
State pre 2.03 0.68 .68
State midway 1.95 0.69 71 2.88 0.82 .82
State post 2.02 0.86 .82 2.80 0.95 .90

Note. PPT = pen and paper test; CBT = computer based test; CAT = computer adaptive test. Nioal = 387, Nppr = 120, Negr = 135, Near = 132; sample sizes
for the descriptive statistics range from Nyin = 113 to Nnax = 378; state reading motivation was not measured at the pre-test measurement point.
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Figure 1. State test anxiety in the test formats over the measurement
points. This figure shows the estimated marginal means of state test
anxiety for the test formats over the measurement points, controlling
for pre-test anxiety and trait anxiety. PPT = pen-and-paper test; CBT
= computer-based test; CAT = computer adaptive test.

points, F(1, 339) = 2.88, p = .091, but a statistically signifi-
cant interaction between state reading motivation and
test format indicated that state reading motivation devel-
oped differently over time between the test formats,
F(2, 339) = 3.20, p = .042; n,> = .019. In addition, there
was a statistically significant difference between the test
formats in state reading motivation, F(2, 339) = 4.02,
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Figure 2. State reading motivation in the test formats over the
measurement points. This figure shows the estimated marginal means
for state reading motivation for the test formats over the measure-
ment points, controlling for trait reading motivation. PPT = pen-and-
paper test; CBT = computer-based test; CAT = computer adaptive
test. *Midway state reading motivation was significantly lower in the
PPT than in the CAT.

p =.019; n,> = .023. Trait reading motivation was a signif-
icant predictor for state reading motivation, F(1, 339) =
45.27, p < .001. Figure 2 shows the development of state
reading motivation over the course of the test. It can be
seen that state reading motivation was higher in the
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computer-based test formats, supporting Hla and that moti-
vation diminished over the course of the test in the CBT
and CAT conditions, but not in the PPT condition, which
is in line with H2b.

Discussion

In this study, the effects of different test formats, namely
paper-based (PPT), computer-based (CBT), and computer
adaptive testing (CAT), on the test experience of 387
fourth-grade students taking a reading comprehension test
were investigated in a quasi-experimental within- and
between-subject design. The results showed no differences
in state test anxiety between the test formats. State reading
motivation was initially higher when the test was adminis-
tered on a screen (i.e. CBT or CAT), although the differ-
ences subsided over the course of the test.

Test Anxiety

The analyses regarding test anxiety found no statistically
significant differences between the test formats or differen-
tial effects of the test formats with regard to the develop-
ment of state test anxiety over the course of the test.
Trait anxiety was a significant predictor for state test
anxiety, which conforms to the additive model by Zohar
(1998). Hypothesis 1, which stated that test anxiety would
be higher in the CAT than in the FITs, had to be rejected.
This result is surprising considering that previous research
found that students in the adaptive testing condition expe-
rienced higher levels of test anxiety (Ling et al, 2017).
Fourth-grade students may be less sensitive to the adminis-
tration differences between a FIT and a CAT than older stu-
dents. They may be less experienced with tests and have
different expectations than older students, who might have
stronger habitual expectations regarding their own perfor-
mance and established preferences regarding test features,
as described by Colwell (2013).

Reading Motivation

Reading motivation was investigated in Hypothesis H2,
which assumed higher levels of reading motivation among
students tested on a computer rather than on paper. The
results showed statistically significantly lower levels of state
reading motivation for students in the PPT at the midway
point of the test, affirming H2a, although the statistically
significant interaction effect indicated that this effect
diminished over the course of the test, supporting H2b. This
finding conforms to previous research on the motivating
effects of digital media (Chua, 2012). There were no differ-
ences in test motivation between CBTs and CATs, which is
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in line with recent research (Martin & Lazendic, 2018).
The novelty effect suggests that experiencing new stimuli
leads to a positive affect simply because the stimuli are
new (Shin et al., 2019). Using computers in the classroom
for testing purposes may have been a new experience for
the students at first, initially increasing their reading moti-
vation. However, over the course of the test, the students
got used to the computers, causing a decline in motivation
to a similar level as the students taking the PPT.

Strengths and Limitations

Data collection for this study was undertaken during the
height of the COVID-19 pandemic, which forced schools
to close intermittently. Thus, the tested students may have
been more confident and experienced in using computers
as a learning tool than fourth-grade students in the past.
Though this may affect the study’s comparability with pre-
vious studies, it makes the results more relevant for a future
in which students are more experienced with digital media
for learning. The test environments were low-stakes, which
might affect the results generalizability to high-stakes test
situations, but does make them relevant for large-scale
assessments. Furthermore, this study did not consider dif-
ferential effects of test performance on the test experience
(for a brief discussion, see supplementary materials
[ESM 2], Briiggemann, 2023). Lastly, a strength of the study
was the unique experimental design comparing three test
formats in parallel within a class, with within-subject
measures to investigate the development of the dependent
variables within individual students over time. Additionally,
the manipulation check confirmed the efficacy of the
administered CAT, and the within-class design allowed
for comparisons even though data collection was stretched
over two school years.

Conclusion

There is much we do not know about how test administra-
tion affects the test experience. This study concludes that
test equivalence between PPTs, CBTs, and CATs in terms
of test experience is achievable for young readers. CBTs
and CATs do not seem to increase these students’ test
anxiety relative to PPTs. Instead, students are initially more
motivated when being tested on a computer, though the
effect wanes over time. Hence, digital media in education
can yield a temporary increase in students’ motivation,
which can be used for instructional purposes. More efficient
test formats, such as CATSs, can further limit the reduction
in motivation over time by allowing for shorter tests. There-
fore, the results of this study should encourage more wide-
spread use of computer-based and computer-adaptive tests
for reading comprehension assessment in elementary
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schools in low-stakes situations. Future research could look
into the effects in high-stakes situations, the longevity of the
motivational increase in the case of repeated computer-
based test administration, and the effects of age on the test
experience.
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