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Educational tests often combine text and images in items. Research shows that
including images in test items can influence response accuracy, termed the
Multimedia Effect in Testing. This effect suggests that using pictures in tests can
enhance student performance and reduce the perception of item difficulty. As
such, the Multimedia Effect in Testing could influence test validity. However,
research in this area has produced varied and conflicting results, which may
be partly attributed to the functionality of the images used. Besides, many
studies only offer test-level data, making it challenging to determine whether
the outcomes represent a generic phenomenon or result from averaging
mixed outcomes in individual test items. This present study examined whether
coherency of pictures in tests influences response accuracy, mental effort and
time-on-task at the test level and item level. Item-level analysis showed that
the Multimedia Effect in Testing is not universal; only a small subset of items
showed significant differences between text-only and text-picture items. The
degree of coherence also did not give unambiguous results. In summary, the
study highlights the complexity of the Multimedia Effect in Testing, suggesting it
is context-dependent, with not all test items benefiting equally from multimedia
elements. The findings emphasize the need for a nuanced understanding of
how multimedia affects educational testing.

KEYWORDS

computer-based testing, multimedia testing, multimedia effect, representational
pictures, test design, multimedia assessment, item construction

1 Introduction

Educational tests often contain items with pictorial information such as pictures,
illustrations, diagrams, photos, animations, and videos (based on OECD, 2007; Parshall et al.,
2009; Wu et al., 2015). Testing with items that combine text with pictorial information is
referred to as multimedia testing. It is becoming more and more clear that the use of
multimedia in test items can influence the problem solving performance of participants (Elia
et al., 2007; Jarodzka et al., 2015; Ogren etal., 2017; Lindner et al., 2017b). However, since it is
still largely unknown what exactly determines the influence of pictorial information on
performance, guidelines to optimally present multimedia content in test items are lacking. As
long as the multimedia effect on performance is not fully understood, the presence of pictorial
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information in multimedia tests can affect validity of decisions based
on multimedia tests (Kirschner et al., 2017; Lindner, 2020).

Currently, there are no specific theories that explain how pictures
influence response accuracy (Lindner et al., 2017b; Hu et al., 2021).
Instead, as problem-solving processes at least partly resemble the
construction of mental models during learning, studies on
multimedia testing currently make use of multimedia learning
theories to formulate hypotheses and to explain outcomes (Jarodzka
etal., 2015; Ogren etal., 2017; Lindner et al., 2018; Dirkx et al., 2021).
Multimedia learning theories offer explanations to the question why
combining text with multimedia can enhance learning in comparison
to using text alone [the multimedia effect in learning (Mayer, 2021)].
Two different theories that are relevant in this context are the
cognitive theory of multimedia learning (Mayer, 2005) and the
cognitive load theory (Sweller et al., 2019). As both theories are based
on the assumption that the human working memory is limited in
terms of capacity and durability, they both recommend keeping the
amount of information that needs to be processed as low as possible.
Furthermore, both theories assume that multimedia can lower the
chance of overload of the working memory and increase processes
that foster learning. These effects of multimedia may be due to the so
called dual-channel processing in which texts and pictures are
processed in two separate systems (an auditory/verbal system and a
visual/pictorial system) with each their own (limited) working
memory capacity (Paivio, 1990; Baddeley, 1992; Baddeley et al,
2017). As these separate systems have their own working memory
capacity and durability, they are proposed to function additive
(Chandler and Sweller, 1991), thereby reducing the chance
of overload.

Although insights from multimedia learning are valuable to better
understand multimedia testing, learning and testing do require
different cognitive processes. Where testing requires students to
retrieve knowledge from memory, learning requires storing of
information in memory, and as such testing is different from learning.
However, the effects that multimedia in instructional materials have
on the working memory may be (partly) equivalent during learning
and during retrieval (Baddeley, 1992; Kirschner et al., 2017). During
retrieval, information activated from long-term memory is probably
also processed in working memory. Moreover, to understand the
problem or the question, information intake is an essential first
element. From this, it is suggested that the design of multimedia usage
in test items can influence processing by participants (cf. Jarodzka
etal, 2015; Ogren et al., 2017). If designed properly, multimedia may
lower the chance of working memory overload, thereby reducing the
mental effort needed to solve a problem and increasing the chance of
successful retrieval (see Figure 1).

Based on (proposed) similarities between how multimedia
supports learning and how multimedia affects performance in testing,
the term Multimedia Effect in Testing was introduced, stating that
(representational) pictures in test items have a positive effect on
students’ performance (i.e., response accuracy) and decrease perceived
item difficulty (i.e., mental effort) (Lindner et al., 2018). Several
studies (Garcia-Retamero and Hoffrage, 2013; Lindner et al., 2021;
e.g., Safd et al,, 2012; Lindner et al., 2017b, 2018) and a subsequent
meta-analysis (Hu et al., 2021) indeed showed that adding pictures to
test items had a positive effect on response accuracy and on perceived
difficulty or response certainty. The meta-analysis did not find a
significant multimedia effect on response time. Therefore, it does not
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seem that analysis of pictorial information requires additional time
investment of students.

The meta-analysis, however, also made clear that the use of
multimedia in test items gives diverse and sometimes even
contradictory effects, indicating that there are moderators at play (Hu
et al,, 2021). An important moderator may be the functionality of
pictures. For instance, in a study by Lindner (2020) the use of pictures
differing in functionality led to concomitant differences in their effect
on response accuracy and perceived item difficulty without influencing
time-on-task. Most common in multimedia testing is to categorize
pictures into four functions (Saff et al, 2017; Hu et al, 2021):
decorative, representational, organizational, and informational.
Decorative pictures are hardly related to the test item and not necessary
to solve the problem (Elia and Philippou, 2004; Lindner, 2020).
Representational pictures mirror some or all of the text content. Such
a picture makes textual information less abstract by presenting it in a
visual mode, without giving additional solution-relevant cues (Elia
and Philippou, 2004; Lindner, 2020). Organizational pictures provide
a visual-spatial overview of the information structure in the text, and
as such do not just represent the information but add structure to it
(Elia and Philippou, 2004; Garcia-Retamero and Hoffrage, 2013).
Informational pictures depict essential information that is needed to
solve a problem (Elia and Philippou, 2004; Berends and Van Lieshout,
2009; Hoogland et al., 2018a).

Although the classification of pictures into the four functionalities
might seem quite straight forward, differences in interpretation can
lead to seemingly contradicting results. For instance, in the study of
Dewolf et al. (2015) on effects of decorative and representational
pictures, an approach was used in which functionality referred to
whether there was a direct relation between picture and textual
elements of the test item, irrespective of whether the picture makes
the problem or task more concrete. When there was any direct
relation between text and picture, the picture was labeled as being
representational. Based on the examples shown in the article, all
representational pictures visualize contextual information irrelevant
for solving the problem. In this study, no effect on response accuracy
was found for representational pictures. A result opposite to that, is
the study of Lindner (2020) who did find a positive effect of
representational pictures on response accuracy. However, in the latter
study, the representational pictures from Dewolf et al. (2015) would
probably be categorized as decorative, since Lindner (implicitly)
couples functionality of the picture to the function it has in relation
of the problem to be solved (does the picture represent relevant
textual information?). This difference in interpretation of
functionality is a problem caused by the fact that the used definitions
either refer to objectively observable aspects (e.g., the picture
visualizes textual information), or to less objectively observable
aspects (e.g., the picture visualizes task-relevant textual information
which supports the construction of a mental model) (Kerckhoffs
etal., 2024).

The so-called coherence principle from the cognitive theory of
multimedia learning (Mayer, 2005) might offer a guideline to
distinguish these two different interpretations of a representational
function of a picture in a test item. The coherence principle states
that interesting, but irrelevant information (text, pictures, music)
should be kept out of instructional material (Harp and Mayer, 1997,
1998; Mayer et al., 2008; Mayer, 2021). When the coherence
principle is applied to representational pictures, this divides
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Proposed role of multimedia presentation and working memory in retrieval of knowledge during test taking (Jarodzka, 2022).

non-coherent representational pictures (i.e., pictures which mirror
text that is not needed to understand or resolve the task) (Kerckhoffs
et al., 2024) as depicted by Dewolf et al. (2015) from coherent
representational pictures as described by Lindner (2020). One could
say that non-coherent representational pictures are possible
distractors, since they do not help to organize, or to interpret
relevant textual information. Coherent representative pictures on
the other hand do help to better understand relevant textual
information (Levin, 1987; Carney and Levin, 2002; Kerckhoffs
et al., 2024).

Although differences in interpretation of functionality can partly
explain heterogeneity in the Multimedia Effect in Testing, there are
clues that also other unknown variables seem to play a role. For
instance, the beneficial effect of adding representational pictures to
test items in Lindner’s (2020) study was not found in the study of
Berends and Van Lieshout (2009). Since both studies involved children
from primary education and both studies tested mathematical
problems, comparable outcomes would be expected if the Multimedia
Effect in Testing is a universal effect. Taken together, it is still hard to
predict outcomes in the field of the Multimedia Effect in Testing
because of heterogeneity, and lack of data.

Another problem in understanding the Multimedia Effect in
Testing is that many studies only present data on test-level. If the
overall performance for text-picture items in a test is similar to the
overall performance for text-only items in a test, this may be the
result of the absence of a Multimedia Effect in Testing, but it may as
well be the result of opposing results for individual items. When
some test items include pictures that increase response accuracy and
other items include pictures that hamper response accuracy, the
overall effect will be that there is no multimedia effect. From this,
one could argue that part of the divergent outcomes for multimedia
testing might be influenced by using a too generic approach in
testing the Multimedia Effect in Testing by suggesting that individual
test items and individual test takers all function in a similar way. In
one of the few studies that gives an analysis of individual items,
Hoogland et al. (2018a,b) showed that within their study the
multimedia effect on response accuracy varied between items from
a significant negative impact to a significant positive impact. Other
studies sometimes hint at varying results for text-picture items
without presenting data from individual items. For instance, in the
study of Lindner et al. (2018), the authors indicate that
representational pictures enhanced performance, only when pictures
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visualized information mandatory for solving the task (mandatory-
stem items), and not when they visualized optional context
information (optional-stem items). How the authors decided which
item belonged to which group can only implicitly be deduced from
the paper, because only one example of both groups is presented
(Lindner et al., 2018). Thus, a generic approach where only data on
test-level are presented might hinder a better and deeper
understanding of the Multimedia Effect in Testing.

Taken together, a better understanding of the multimedia testing
effect is essential, since (1) it is clear that adding multimedia to test
items influences response accuracy (Hu et al., 2021) and (2) that it can
affect validity of decisions based on these test outcomes (Lindner,
2020). However, the number of studies thus far is rather scarce and the
results show divergent and sometimes even opposite effects. Besides
that, there is an emphasis on data from primary education, which may
not be generalized to higher education students. To substantiate this,
the meta-analysis by Hu et al. (2021) mentions only four studies
focusing on representational pictures in a higher education context,
one being a doctoral dissertation that does not seem to be published
in a peer-reviewed journal. Lastly, as it seems that the Multimedia
Effect in Testing can vary among individual items (Hoogland et al.,
2018b), presenting data only at test-level may hinder a deeper
understanding of results.

Based on the above, we state that it is necessary (i) to further
investigate the Multimedia Effect in Testing in the context of higher
education, (ii) to investigate whether the coherence principle
moderates the Multimedia Effect in Testing; and (iii) to disentangle
potential multimedia effects within individual test items as opposed
to effects on test-level. With respect to the last element, the present
study explores whether item-level analysis is a valuable addition to the
(more) common test-level approach.

We formulated the following hypotheses:

HI: Response accuracy for items with multimedia is higher than
for text only items (based on Lindner et al., 2018).

H2: Subjective mental effort for items with multimedia is lower
than for text only items (based on Jarodzka et al., 2015; Ogren

etal, 2017).

H3: Time on task is equal for items with multimedia and text only

items (based on Lindner et al., 2018).
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H4: Coherent representational pictures have more effect on
response accuracy, subjective mental effort and time on task than
non-coherent representational pictures (based on Levin, 1987;
Carney and Levin, 2002; Kerckhoffs et al., 2024).

Apart from testing these hypotheses, an additional aim of this
study is to explore whether an item-level analysis is of additional value
to gain insight into the Multimedia Effect in Testing. As stated before,
the most common approach of test-level analyses might lead to
missing some effects. In line with this additional aim of the study, the
following research question (RQ) is taken into account: What is the
added value of item-level analyses over test-level analyses in learning
to understand the Multimedia Effect in Testing? To test these
hypotheses and to answer the research question, two experiments
were carried out.

2 Experiment 1
2.1 Method

2.1.1 Design

A within-subject experiment was carried out for which test items
were developed in two versions: for each text-only item a text-wise
identical text-picture item was constructed, resulting in a set of 12
individual test-items in two versions each.

2.1.2 Participants

The participants in experiment 1 were full-time students from two
teacher-training institutes. Data were collected as part of a first-year
course on enzymes. Ninety-three students participated, with a mean
age of 20.8 years (SD =4.5), including twenty-eight males.

2.1.3 Materials and measures

2.1.3.1 Multiple choice test

For this study, the first author, expert teacher on the subject,
developed an experimental multiple-choice test, consisting of item
stems (approximately three sentences), a question, and four answer
options with a single correct option. Two versions of each item were
created: a text-only version and a multimedia version (text combined
with a picture). The full-color pictures were taken from the textbook
used during instruction (Reece et al., 2018) and represented (part
of) the textual information of the item. All pictures mirror some or
all of the text content, and did not provide additional solution-
relevant cues. Therefore, these pictures are classified as
representational pictures. Some pictures represented textual
information that was useful, but not essential, for solving the
problem (coherent representational pictures), other pictures
represented contextual information that was not relevant for solving
the problem (non-coherent representational pictures). Test items
were presented in a split format, with the stem on the left, the picture
on the right, the question below, and the answer options at the
bottom (see Figure 2). Two item sets were constructed with a
mixture of six text-only and six text-picture items so that each item
was presented in one item set in the text-only version, and in the
other item set as the text-picture version (Item Set 1: Cronbach’s
«=0.62; Lambda-2=0.65; SEM=1.52; Item Set 2: Cronbach’s
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a=0.51; Lambda-2=0.56; SEM = 1.50). Both Cronbach’s alpha and
Lamba are lower bounds to the test-score reliability; that is, the true
(unknown) reliability is in between the value of alpha or lambda and
1. It has been shown (mathematically) that coefficient Lambda-2 is
equal to, or larger than alpha, and therefore closer to the true value
of the reliability, giving more accurate estimates of the reliability
(e.g., Sijtsma, 2009). However, because Lamda-2 is less well known
than alpha we report both for completeness. Test-score reliability,
however, depends on the combination of the precision by which
individuals are measured (on average) and inter-individual
differences in the underlying trait (i.e., group heterogeneity) as
expressed by interindividual differences in the true scores. As a
result, when the reliability of two tests that were intended to
be parallel differ, it may have different explanations. First, differences
can be simply due sampling errors. Second, differences can also
be caused by differences in the underlying true-score distributions.
Therefore, to gain a more solid insight in the measurement quality
of the test-score data used in terms of reliability and measurement
precision, we also looked at the SEMs for both tests. The SEM is less
sensitive to group-heterogeneity and also less sensitive to sampling
errors. In our case the SEMs were highly similar for both tests from
which we inferred that although the reliability for Item Set 2 is
somewhat lower than for Item Set 1, there is no evidence of less
precise measurements (i.e., larger measurement errors).

Participants were assigned at random to either of these sets.
Hence, participants completed a mixture of text-only and text-picture
items, but they never received the same item twice. More detailed
information about the test administration, like the order in which
text-picture and text-only items were presented in each Item Set, item
difficulty, and item discrimination is added as supplemental material
(see Supplementary Table S1).Tests were provided via the software
TestVision®©.

2.1.3.2 Response accuracy

Response accuracy on test-level refers to the proportion correct
score on the test (i.e., number correct/number of items). Response
accuracy on item-level refers to the absolute score on every item.

2.1.3.3 Perceived item difficulty

To measure perceived item difficulty, the single-item Likert rating
scale for mental effort by Paas (1992) was used. Following each test
item, students were asked to rate on a 9-point scale the amount of
mental effort they exerted to answer it, ranging from (1) very, very low
mental effort to (9) very, very high mental effort.

2.1.3.4 Time on task
The TestVision application recorded the time (in seconds) taken
by each student to answer each test item (time until first answer).

2.1.4 Procedure

The study was conducted at the Biology department of two
different universities of applied science for teacher training in the
Netherlands. Participants received the experimental test as an integral
part of a 10-week course. Students were informed about the aims and
scope of the study and were subsequently invited to participate.
During an in-class meeting, they worked individually on the
computer-based test. Participation in this experiment was voluntary,
and the test was used as a formative assessment. As a measure for test
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Een actiepotentiaal wordt gevolgd door een absoluut refractaire
periode, waarin geen nieuwe actiepotentiaal mogelijk is in het
desbetreffende neuron.

Question

Wat is een van de oorzaken voor deze refractaire periode?

Answer options

(O Het duurt enige tijd voordat de energie voor een actiepotentiaal (O Het duurt enige tijd voordat de ionenverdeling voldoende is
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(O Het duurt enige tijd voordat de neurotransmitter van de (O Het duurt enige tijd voordat de natrium/kaliumpomp kan gaan
receptor loslaat. werken.

FIGURE 2

Example of a test item (in Dutch) with a representational picture, which was taken from instructional material (Reece et al., 2018).

engagement, mean total time-on-task was determined, which was
26min (SD=9.1).

2.1.5 Missing data

The complete data set comprised 93 participants. Of the 93
participants, seven were removed, because these students had worked
on a smartphone as a test-taking device. Missing data were handled as
follows. We removed eight cases who had a missing score on one or
more items (the mean number of missing items for these cases was 7.6
with only one student missing 1 score). This sample of 78 is used to
study multimedia effects for response accuracy. For the remaining
analyses of mental effort and time on task, we excluded six cases who
answered the Paas (1992) question without answering the item. This
approach ensured that all subjective mental effort and time-on-task
scores were accompanied with a valid item response.

2.1.6 Data analysis

2.1.6.1 Hypothesis 1: response accuracy

A t-test was performed to test difference between the mean
response accuracy for text-only items and mean response accuracy for
text-picture items for significance. T-tests were performed for the
complete data set and for each item set separately. The latter approach
considers that the full data set has a nested structure because
participants took different sets of items.

2.1.6.2 Hypothesis 2. mental effort

T-tests were performed, for the complete data set and for each
item set separately, to test differences between subjective mental effort
for text-only items and for text-picture items for significance.

Frontiers in Education

2.1.6.3 Hypothesis 3: time-on-task

A t-test was performed to test differences between the time-on-
task for text-only items and for text-picture items for significance.
T-tests were performed for the complete data set and for each item
set separately.

2.1.6.4 Hypothesis 4: picture’s coherence

To determine whether coherence of the representational picture
influences the outcomes of the comparison between text-only and
text-picture items, item sets were further divided into two groups. A
t-test was performed to test differences between outcome variables of
text-only items and respectively, coherent and non-coherent text-
picture items for significance.

For all hypothesis, all tests were done at the 5% significance level
(two-tailed).

2.1.6.5 RQ: item level analysis

To answer the research question whether analysis on item level
provide more insight in the Multimedia Effect in Testing the following
approach was used.

2.1.6.5.1 Item-level response accuracy

To compare the percentage of correct responses for each
individual text-only item with the corresponding text-picture item,
a y’-test was performed. A y’-test offers insight in whether the
number of correct responses for each item is associated with the
category text-only or text-picture or whether there is a random
association. This test was chosen because of the binary data for each
item (true or false). When choosing the nominal significance level,
one must balance type I errors against type II errors, within the
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context of the study envisaged (e.g., see Abelson, 2012). Given the
explorative nature of the study, a type 1 error deemed less
problematic than a type 2 error (i.e., overlooking potentially
important effects in a study that deals with relatively new
phenomena). By setting the nominal significance level to 0.1
we maintain the type I error rate small enough to exclude too many
false impressions of an effect purely due to chance, but we gain
some power and thus lower the chance of committing a type 2 error.
Hence, p <0.10 was considered significant.

2.1.6.5.2 Mental effort

To compare the subjective mental effort score for each text-only
item with those of the accompanying text-picture item, a t-test
was performed.

2.1.6.5.3 Time on task
A t-test was conducted to determine whether any differences
between individual text-only and text-picture items were significant.

2.2 Results experiment 1

2.2.1 Hypothesis 1: response accuracy

Table 1 shows that participants scored on average lower on items
in a text-picture format than on items in a text-only format. This
difference was, however, non-significant. Statistical analysis
considering that data is nested also did not show significant differences
in response accuracy between text-only items and text-picture items
for Item Set 1 and Item Set 2.

2.2.2 Hypothesis 2: mental effort

Subjective mental effort was somewhat lower for text-picture set,
but this difference was small and non-significant (see Table 1). No
significant differences in mental effort between text-only item set
and text-picture item set for Item Set 1 and Item Set 2 were
found either.

10.3389/feduc.2024.1344012

2.2.3 Hypothesis 3: time-on-task

It took students slightly longer to answer text-picture items, but
again, this difference was not significant and no significant differences
between Item Set 1 and Item Set 2 were found either (see Table 1).

2.2.4 Hypothesis 4: picture’'s coherence

2.2.4.1 Multimedia effects: coherent representational
pictures

Table 2 depicts the data on coherent representational pictures in
but
non-significantly, higher for text-picture items with coherent

text-picture items. Response accuracy was slightly,
representational pictures. Subjective mental effort was somewhat
lower for these text-picture items, and students spend slightly more
time on these items. Differences were, however, non-significant, with
the exception of subjective mental effort for Item Set 1, showing a

significant lower mental effort for text-picture items.

2.2.4.2 Multimedia effects: non-coherent representational
pictures

The data on non-coherent representational pictures in text-picture
items is shown in Table 3. Response accuracy was lower for text-
picture items with non-coherent representational pictures, with the
difference close to being significant. Subjective mental effort was
slightly higher for these text-picture items, and students spend a little
more time on these items. Differences were, however, non-significant,
with the exception of time-on-task for Item Set 1, showing a significant
longer response time for text-picture items.

Since the data in Tables 2, 3 originate from different test items (i.e.,
Table 2 concerns coherent items and Table 3 concerns non-coherent
items), it is important to note that a direct comparison between these
tables may not be appropriate. However, it is worth highlighting that
the response accuracy and mental effort outcomes for text-only items
in both Tables 2, 3 are quite similar. Differences become evident when
considering time-on-task, as the item sets in Table 2 appear to require
more time compared to those in Table 3.

TABLE 1 Multimedia effects text-only and text-picture items: pooled data and data for each item set.

Item set n(TO) M(TO) n(TP) M(TP) o df t p-value Cohen’s d
Response accuracy

Set 1 41 0.47 37 0.42 —0.044 76 0.74 0.463 0.17
Set 2 37 0.41 41 0.41 0.008 76 0.16 0.877 0.04
Total 78 0.44 78 0.41 —0.028 154 0.71 0.478 0.16
Subjective mental effort

Set 1 36 5.93 36 5.49 —0.435 70 1.79 0.078 0.42
Set 2 36 5.82 36 5.94 —0.111 70 0.47 0.638 0.11
Total 72 5.88 72 5.71 —0.162 142 0.95 0.343 0.22
Time-on-task

Set 1 41 81.60 37 94.41 12.812 76 1.86 0.067 0.42
Set 2 37 83.47 41 80.03 —3.436 76 0.54 0.592 0.12
Total 78 82.49 78 86.85 4.368 154 0.92 0.358 0.21

The labeling n(TO) and n(TP) refers to the number of participants that answered, respectively, text-only, or text-picture items in each Item Set. The labeling M(TO) and M(TP) refers to,

respectively, the mean response accuracy, mean subjective mental effort, or mean time-on-task for text-only, and text-picture items. 8 =M(TO) - M(TP). Significant results (x=0.05; two-

tailed) are printed in boldface.
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TABLE 2 Multimedia effect coherent representational pictures: pooled data and data for individual sets.

Item set n(TO) M(TO) n(TP) M(TP) 6 df t p-value Cohen’s d
Response accuracy

Set 1 41 0.46 37 0.46 0.002 76 0.03 0.974 0.01
Set 2 37 0.44 41 0.49 —0.046 76 0.68 0.500 0.15
Total 78 0.45 78 0.47 0.025 154 0.52 0.605 0.12
Subjective mental effort

Set 1 37 6.16 36 5.59 —0.572 71 2.27 0.027 0.53
Set 2 36 5.56 39 5.57 —0.008 73 0.03 0.977 0.01
Total 73 5.87 75 5.58 —0.286 146 1.52 0.130 0.36
Time-on-task

Set 1 41 85.04 37 94.53 9.490 76 123 0.222 0.28
Set 2 37 88.69 41 86.31 -2.385 76 0.32 0.749 0.07
Total 78 86.77 78 90.21 3.436 154 0.64 0.520 0.15

The labeling n(TO) and n(TP) refers to the number of participants that answered, respectively, text-only, or text-picture items in each Item Set. The labeling M(TO) and M(TP) refers to,
respectively, the mean response accuracy, mean subjective mental effort, or mean time-on-task for text-only, and text-picture items. = M(TO) - M(TP). Significant results (x=0.05; two-

tailed) are printed in boldface.

TABLE 3 Multimedia effect non-coherent representational pictures: pooled data and data for individual sets.

Item set n(TO) M(TO) n(TP) M(TP) ] df t p-value Cohen’s d
Response accuracy

Set 1 41 0.49 37 0.35 —-0.136 76 1.61 0.113 0.36
Set 2 37 0.39 41 0.33 0.062 76 0.98 0.332 0.22
Total 78 0.44 78 0.34 —0.103 154 1.93 0.055 0.44
Subjective mental effort

Set 1 39 5.35 37 5.31 —0.035 74 0.12 0.909 0.03
Set 2 37 6.05 37 6.28 —0.225 72 0.90 0.372 0.21
Total 76 5.69 74 5.80 0.104 148 0.50 0.620 0.11
Time-on-task

Set 1 41 74.72 37 94.18 19.456 76 2.27 0.026 0.51
Set 2 37 78.24 41 73.76 —4.487 76 0.62 0.537 0.14
Total 78 76.39 78 83.44 7.051 154 1.24 0.217 0.28

The labeling n(TO) and n(TP) refers to the number of participants that answered, respectively, text-only, or text-picture items in each Item Set. The labeling M(TO) and M(TP) refers to,
respectively, the mean response accuracy, mean subjective mental effort, or mean time-on-task for text-only, and text-picture items. = M(TO) - M(TP). Significant results (x=0.10; two-

tailed) are printed in boldface.

2.2.5 RQ: item-level analysis
2.2.5.1 ltem-level response accuracy

2.2.5.1.1 Coherent representational pictures

The use of coherent representational pictures yielded varied
results. While some items had higher response accuracy for text-only
than for text-picture items, others showed the opposite results.
Nonetheless, the differences were all non-significant (see Table 4).

2.2.5.1.2 Non-coherent representational pictures

Non-coherent representational pictures resulted in lower response
accuracy for test-items in comparison to text-only test items, as
presented in Table 4. However, the differences were minor and only
Item 8 showed a significant difference.

Frontiers in Education

2.2.5.2 Time on task: item-level analysis

Regarding time on task, multimedia test-items took slightly longer
to answer for seven out of twelve items (see Table 4). However, only
results for Item 6 (coherent picture), and Item 9 (non-coherent
picture), showed significant differences.

2.2.5.3 Subjective mental effort: item-level analysis

As presented in Table 4, subjective mental effort was somewhat
lower for multimedia test-items in seven out of the twelve items
(see Table 4). For Item 2 and Item 7, subjective mental effort was
significantly lower for text-picture items. Both items had a
coherent picture. On the other hand, for Item 3, the opposite
result was obtained, and subjective mental effort was significantly
higher for the text-picture item. This item also had a
coherent picture.
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TABLE 4 Item-level statistics for experiment 1.
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Coherence Outcome measure
Accuracy Time-on-task Mental effort
Ve 6 (sec) t(df) P t(df) p-value
1 C 1.0 0.01 0.914 9.74 —0.70 (76) 0.487 -0.53 1.36 (71) 0.177
2 ¢ -1.0 0.01 0.953 4.08 —0.33 (76) 0.746 —-0.71 2.06 (75) 0.043
3 ¢ 3.0 0.11 0.744 -5.17 —0.37 (76) 0.716 0.56 1.68 (74) 0.097
4 ¢ 0.0 0.00 0.984 -1.38 —0.21 (76) 0.838 —0.59 —1.34(75) 0.184
5 ¢ 10.0 1.01 0316 —0.61 —0.06 (76) 0.954 0.14 0.41 (74) 0.680
6 ¢ 2.0 0.05 0.821 15.23 —1.83 (76) 0.071 -0.55 1.60 (75) 0.114
7 ¢ 2.0 0.05 0.826 8.92 —0.95 (76) 0.344 —0.63 1.89 (75) 0.063
8 NC -19.0 3.11 0.078 13.98 —1.38(76) 0.172 -0.06 0.17 (74) 0.866
9 NC -8.0 0.50 0.481 24.93 —2.12 (76) 0.037 -0.03 0.08 (75) 0.941
10 NC -8.0 0.41 0.524 -7.73 —0.91 (76) 0.365 032 0.92(73) 0.360
11 NC -7.0 0.34 0.560 2 0.21 (76) 0.831 0.12 031 (75) 0.758
12 NC -5.0 027 0.602 —7.74 —0.76 (76) 0.450 0.18 0.50 (74) 0.619

Item depicts the item number in the experimental test. Coherence refers to whether information in the picture is relevant for solving the problem (C), or only depicts part of the textual
information that is irrelevant for solving the problem (NC). Outcome measures give an overview of the difference between text-picture items and identical text-only items and the statistical
test-outcomes. § = TP—TO; Hence, 6 > 0.10; indicates a higher mean under the TP condition than under the TO condition. Significant results (= 0.10; two-tailed) are printed in boldface.

2.3 Discussion experiment 1

The aim of this study was to analyze the Multimedia Effect in
Testing by comparing data obtained for text-only items with data
obtained for text-picture items that were text-wise identical. The
variables studied were response accuracy (H1), subjective mental effort
(H2), and time-on-task (H3). Contradictory to expectation, no evidence
for a Multimedia Effect in Testing was found as the study failed to show
significant effects on response accuracy, subjective mental effort, or
time-on-task (see Table 1). Results are not completely in line with
expectations, as it was anticipated to find higher response accuracy,
lower mental effort and no effect on time-on-task (Hu et al., 2021).

As the pictures used in the experimental test differed in their
functionality, being either coherent representational or non-coherent
representational, data were further analyzed (H4). Applying the
coherence principle to further specify the functionality of the picture
did not provide definite insight into understanding the results at test-
level, although the negative impact of non-coherent representational
pictures on response accuracy was near-significant (see Table 3). The
effects on subjective mental effort and time-on-task were all
non-significant on test-level, but some significant differences were
found for Item Set 1 (see Tables 2, 3), indicating that characteristics of
specific items might influence the outcomes. It was anticipated that
non-coherent representational pictures would neither harm or
improve the performance of students, like in the studies of Dewolf
et al. (2015) and of Berends and Van Lieshout (2009). Coherent
representational pictures were anticipated to enhance performance
(Lindner et al., 2018; Lindner, 2020).

Lastly, an analysis of data on item level was performed to answer
the research question whether this approach would yield additional
insights. At item level, a lower response accuracy was found for all
items with non-coherent representational pictures. This effect was,
however, only significant for one item. On average, students did not
perform more accurate on items with coherent representational
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pictures than on text-only items. For time-on-task and subjective
mental effort, results were mostly non-significant and no clear direction
of effects were found (e.g., individual text-picture items score lower on
subjective mental effort, or take longer to answer). The divergent
findings for individual test items were anticipated based on earlier
findings by Hoogland et al. (2018b), casting doubt on a universal effect
sometimes mentioned in literature (Lindner et al., 2017b).

It is, however, of importance to bear in mind that a rather small
number of test items was tested amongst a rather small group of
participants. Hence, a second experiment was conducted to determine
whether our results could be replicated.

3 Experiment 2

To corroborate the findings from Experiment 1, we conducted an
experiment similar in design, but with different items on a different
biological topic and with different participants. By doing so, the scope
of the study widens and possible unknown moderators coupled to the
experimental test, test items, or the specific content of the course
tested in Experiment 1 is avoided.

3.1 Method

3.1.1 Participants and design

The participants in this study were full-time students from two
teacher-training institutes. Data were collected as part of a second-
year course on neurons. Seventy-three students participated with a
mean age of 22.1years (SD=3.7), including twenty-nine males.

3.1.2 Materials and procedure

Materials, measures and procedure are the same as in experiment
1. A different experimental test developed and the experiment took
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place in a different course. In this experiment, a set of 15 items was
used (Item Set 1: Cronbach’s «=0.73; lambda-2=0.75; SEM =1.61;
Item Set 2: Cronbach’s «=0.53; lambda-2=0.59; SEM =1.63). More
detailed information about the test administration, including the
order in which text-picture and text-only items were presented in each
Item Set, item difficulty, and item discrimination is added as
supplemental material (see Supplementary Table S2). As a measure for
engagement with the test, mean total time-on-task was determined,
which was 27 min (SD=7.7).

3.1.3 Missing data

The complete data set comprised 73 participants. Of the 73
participants, three were removed because these students had worked
on a smartphone as a test-taking device. Secondly, we removed eight
cases who had a missing score on one or more items (the mean number
of missing items for these cases was 10,9 with only one student missing
1 score). This sample is used to study multimedia effects for accuracy.
For the remaining analyses of mental effort and time on task, we used
the complete cases within this subset of 62. This approach ensured that
all subjective mental effort and time-on-task scores were accompanied
with a valid item response. Thus, we excluded cases who answered the
Paas question without answering the item.

3.1.4 Data analysis

The data analysis is the same as in experiment 1.

3.2 Results experiment 2

3.2.1 Hypothesis 1: response accuracy

Students scored somewhat, but non-significant, better for text-
only items than for text-picture items (see Table 5). Statistical analysis
considering that data is nested made clear that there is a significant
difference in response accuracy for Item Set 3, where students perform
worse for text-picture items than for text-only items.

10.3389/feduc.2024.1344012

3.2.2 Hypothesis 2: mental effort

Subjective mental effort was slightly lower for text-picture items,
but differences were non-significant (Table 5). No significant
differences in mental effort between text-only items and text-picture
items belonging to Item Set 3 or Item Set 4 were found either.

3.2.3 Hypothesis 3: Time-on-task

Time-on-task was somewhat longer for text-picture items, but
differences were non-significant and no significant differences between
text-only items and text-picture items belonging to Item Set 3 or
Item Set 4 were found either (see Table 5).

3.2.4 Hypothesis 4: picture’s coherence

3.2.4.1 Multimedia effects: coherent representational
pictures

Response accuracy was somewhat, but non-significantly, lower for
text-picture items with coherent representational pictures. Subjective
mental effort was lower, and time-on-task somewhat longer, but all
differences were small and non-significant (see Table 6).

3.2.4.2 Multimedia effects: non-coherent representational
pictures

As presented in Table 7, performance was significantly lower
for text-picture items with non-coherent representational
pictures, and time-on-task was significantly longer. Subjective
mental effort was somewhat higher, but this difference was
non-significant.

Since the data in Tables 6, 7 are derived from different test
items, a direct comparison between the two tables is not valid.
However, it is noteworthy that the response accuracy for the text-
only items in both tables is quite similar. Differences emerge when
considering mental effort and time-on-task, as the coherent sets in
Table 6 appear to require more time and effort compared to the
non-coherent item sets in Table 7.

TABLE 5 Multimedia effects text-only and text-picture items: pooled data and data for each item set.

Item set n(TO) e n(TP) M(TP) é df t p-value Cohen's d
Response accuracy

Set 3 32 0.59 30 0.48 —0.110 60 2.06 0.044 0.52
Set 4 30 0.60 32 0.58 0.015 60 0.26 0.794 0.07
Total 62 0.59 62 0.53 —0.061 122 1.56 0.122 0.40
Subjective mental effort

Set 3 32 5.41 29 5.25 —0.164 59 0.61 0.544 0.16
Set 4 28 5.04 30 5.11 —0.074 56 0.21 0.835 0.05
Total 60 5.24 59 5.18 —0.059 117 0.27 0.789 0.07
Time-on-task

Set 3 32 63.89 30 74.34 10.451 60 175 0.086 0.44
Set 4 30 62.97 32 64.42 1.453 60 0.27 0.792 0.07
Total 62 63.44 62 69.22 5.777 122 1.42 0.158 0.36

The labeling n(TO) and n(TP) refers to the number of participants that answered, respectively, text-only, or text-picture items in each Item Set. The labeling M(TO) and M(TP) refers to,

respectively, the mean response accuracy, mean subjective mental effort, or mean time-on-task for text-only, and text-picture items. 8= M(TO) - M(TP). Significant results (x=0.10; two-

tailed) are printed in boldface.
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TABLE 6 Multimedia effect coherent representational pictures: pooled data and data for individual sets.

Item set n(TO) M(TO) n(TP)

M(TP)

Cohen's d

p-value

Response accuracy

Set 3 32 0.55 30 0.48 —0.072 60 0.10 0.324 0.25
Set 4 30 0.64 32 0.69 —0.043 60 0.68 0.501 0.17
Total 62 0.59 62 0.58 —0.009 122 0.19 0.851 0.05
Subjective mental effort

Set 3 32 5.93 30 5.66 -0.271 60 1.03 0.305 0.26
Set 4 30 4.77 31 457 0.197 59 0.55 0.582 0.14
Total 62 5.37 61 5.11 —0.262 121 1.09 0.280 0.28
Time-on-task

Set 3 32 72.30 30 75.68 3.379 60 0.55 0.582 0.14
Set 4 30 60.70 32 59.53 -1.169 60 0.19 0.851 0.05
Total 62 66.69 62 67.35 0.657 122 0.15 0.884 0.04

The labeling n(TO) and n(TP) refers to the number of participants that answered, respectively, text-only, or text-picture items in each Item Set. The labeling M(TO) and M(TP) refers to,
respectively, the mean response accuracy, mean subjective mental effort, or mean time-on-task for text-only, and text-picture items. = M(TO) - M(TP). Significant results (x=0.05; two-

tailed) are printed in boldface.

TABLE 7 Multimedia effect non-coherent representational pictures: pooled data and data for individual sets.

Item set n(TO) M(TO) n(TP) M(TP) ] df t p-value Cohen’s d
Response accuracy

Set 3 32 0.64 30 0.49 —0.149 60 2.22 0.030 0.57
Set 4 30 0.56 32 0.50 0.058 60 0.85 0.397 0.22
Total 62 0.60 62 0.50 —0.105 122 2.20 0.030 0.56
Subjective mental effort

Set 3 32 4.89 29 4.82 —0.072 59 0.22 0.829 0.06
Set 4 28 5.24 31 5.54 —0.299 57 0.78 0.440 0.20
Total 60 5.05 60 5.19 0.138 118 0.54 0.592 0.14
Time-on-task

Set 3 32 55.48 30 73.00 17.523 60 2.26 0.028 0.57
Set 4 30 64.67 32 68.09 3.419 60 0.56 0.577 0.14
Total 62 59.92 62 70.46 10.540 122 2.14 0.035 0.54

The labeling n(TO) and n(TP) refers to the number of participants that answered, respectively, text-only, or text-picture items in each Item Set. The labeling M(TO) and M(TP) refers to,
respectively, the mean response accuracy, mean subjective mental effort, or mean time-on-task for text-only, and text-picture items. 8= M(TO) - M(TP). Significant results (x=0.10; two-

tailed) are printed in boldface.

3.2.5 RQ: item-level analysis

3.2.5.1 Item-level response accuracy

As shown in Table 8, for the non-coherent set (item 8-15),
response accuracy is lower for test-items with pictures than for text-
only test items. One exception from this general finding was found for
Item 9 with a higher response accuracy for the item with picture. The
differences for individual items were, however, small and only
significant for Items 12, and 13.

The use of coherent representational pictures led to diverse results.
For some items, the response accuracy of text-only items was higher
than for text-picture items, whereas for other items the opposite was
true. The differences found were all non-significant (see Table 8).

3.2.5.2 Time on task
For most of the items (eleven out of fifteen items), it took students
somewhat more time to answer items with pictures than text-only
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items (see Table 8). For Item 8, 14 and 15 this difference was
significant. These items included a non-coherent picture. Picture-item
8 and 14 took more time, while picture-item 15 took less time.

3.2.5.3 Subjective mental effort: item-level analysis

Subjective mental effort was for six out of the fifteen items
somewhat lower for text-picture items than for text-only items (see
Table 8). Differences were all non-significant.

3.3 Discussion experiment 2

Like experiment 1, experiment 2 did not find evidence for an
enhancing effect of combining text and picture on response accuracy
(H1). The current experiment did reveal significant differences in
response accuracy for the items in Item Set 3, but contrary to expectation,
this effect was a negative one: the presence of a picture in the item lowered
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TABLE 8 Item-level statistics for experiment 2.

Coherence Outcome measure
Response accuracy Time on task Mental effort
6 (%) Ve p-value & (sec) tdf)  p-value ) tdf)  p-value
1 C -2.0 0.03 0.871 111 —0.10 (60) 0.920 —0.37 0.96 (60) 0.340
2 C —6.0 0.44 0.509 —6.87 —0.81 (60) 0.424 —0.19 —0.35 (60) 0.727
3 C —6.0 0.26 0.611 —6.06 0.45 (60) 0.652 —0.61 1.30 (60) 0.199
4 C 2.0 0.02 0.881 —1.34 —0.12 (60) 0.907 —0.35 —0.76 (59) 0.452
5 C 17.0 1.86 0.173 471 0.60 (60) 0.549 —0.15 —0.34 (60) 0.735
6 C —12.0 1.00 0.316 13.11 —1.24 (60) 0.221 —0.07 0.17 (60) 0.869
7 C -7.0 0.43 0.511 535 —0.90 (60) 0.374 —0.05 0.09 (60) 0.925
8 NC —9.0 0.55 0.459 25.76 —2.22 (60) 0.030 0.09 —0.23 (60) 0.822
9 NC 11.0 0.76 0.382 3.19 0.26 (60) 0.796 0.12 0.27 (60) 0.791
10 NC 9.0 0.55 0.459 33.86 —1.77 (60) 0.082 0.67 —1.23 (60) 0.223
11 NC ~19.0 2.39 0.122 6.39 —0.84 (60) 0.404 —0.50 1.03 (59) 0.307
12 NC —25.0 4.15 0.042 2.65 0.32 (60) 0.752 0.60 1.13 (58) 0.265
13 NC —21.0 3.39 0.065 4.09 —0.41 (60) 0.682 —0.58 1.27 (60) 0.208
14 NC -8.0 0.56 0.455 19.46 1.78 (60) 0.080 0.08 0.177 (60) 0.860
15 NC 0.0 0.01 0.946 —11.62 —3.02 (60) 0.004 0.33 0.621 (59) 0.537

Item depicts the item number in the experimental test. Coherence refers to whether information in the picture is relevant for solving the problem (C), or only depicts part of the textual
information that is irrelevant for solving the problem (NC). Outcome measures give an overview of the difference between text-picture items and identical text-only items and the statistical
test-outcomes. d = TP — TO; Hence, d > 0 indicates a higher mean under the TP condition than under the TO condition. Significant results (a=0.10; two-tailed) are printed in boldface.

response accuracy (see Table 4). The overall lowering effect on mental ~ apart from the functionality of the picture moderating the Multimedia
effort (H2), which is often described (Lindner et al,, 2018; Lindner, 2020;  Effects in Testing. Taken together, the results from experiment 2 are
Hu et al,, 2021), was not found either (see Table 6). In line with previous  largely in line with those of experiment 1.
studies (Safs et al.,, 2012; Ogren et al,, 2017; Lindner et al., 2017a), no
significant effect on time-on-task was found (H3).

As the pictures used in the experimental test were either coherent 4 General discussion
representational or non-coherent representational, data were further
analyzed to determine whether this difference in functionality would The present study, conducted in the context of higher education,
help clarify results (H4). As mentioned, significant differences in  failed to replicate the Multimedia Effect in Testing for representational
response accuracy were found for Item Set 3. These significant effects ~ pictures. In the present dataset, collected using a computer-based test
were found only for the non-coherent representational pictures (see  in a formative setting, response accuracy was not enhanced (H1), and
Table 5). As such, the coherence principle helps to explain part of the  no significant effects on subjective mental effort were found (H2). In
data gathered and, although not perfect, it seems useful to understand  line with expectation, no overall effect on time-on-task was found
some effects of representational pictures on test outcomes.  (H3). Using the coherence principle to distinguish further between
Surprisingly, items with coherent representational pictures did not  functionality of representational pictures (H4) led to the notion that
show an overall improvement in response accuracy, instead showing  only non-coherent representational pictures significantly affected
only non-significant results. Therefore, the overall positive effect of ~ some of the outcome measures on test-level: response accuracy and
representational pictures on response accuracy described in literature  time-on-task. The effects of the non-coherent representational pictures
(Lindner et al,, 2018; Lindner, 2020; Hu et al., 2021; Lindner et al, ~ were on test-level, however, not universal, differing between
2022) was not found, even when coherence was taken into account.  experiment 1 and experiment 2. Item-level analysis (RQ) further
Results for time-on-task showed an overall increase for text-picture ~ emphasized this notion: significant differences between text-only and
items with non-coherent pictures (see Table 7). text-picture items were found for only a small subset of items. Certain

Lastly, results were analyzed on item level to determine whether ~ unknown characteristics of the test items, apart from functionality of
this approach would give more insight in the Multimedia Effectin  the picture, may moderate the multimedia effects. One characteristic
Testing (RQ). On item level, outcomes were quite divers, with  that might influence multimedia effects might relate to general
sometimes a (significant) higher response accuracy, or a shorter time- ~ makeup of pictures. To make sure that pictures were comparable with
on-task for text-picture items, and sometimes a (significant) lower  respect to pixel density, use of colors, etc., all pictures were taken from
response accuracy, or a longer time-on-task (see Table 8). On item  one and the same textbook. We are aware that the use of textbook
level, no significant effects were found for subjective mental effort. The  pictures might influence performance (see for instance Schneider
item-level analysis of output variables does not support a universal et al,, 2020) and might influence the generalizability of the findings in
effect, but instead point to currently unknown item characteristics ~ comparison to studies which used test items from, for example, PISA,
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which includes pictures specifically developed for the test. However,
in our study, we focus on multimedia effects in classroom testing.

4.1 Multimedia effects of representational
pictures on test-level

4.1.1 Coherent representational pictures

On test-level, outcome measures for text-picture items did not
significantly differ from text-only items with respect to response
accuracy (H1), mental effort (H2), and time-on-task (H3) (see Tables 1,
5). Given the difference in coherence of the pictures tested, it was
anticipated that possible effects would become more evident when
analyzing the data for coherent representational pictures (H4). However,
when focusing on items with this subset of pictures, no significant
effects were found either, with the exception of coherent Item Set 1 in
experiment 1, where students reported a significant lower mental effort
(see Table 2). Although non-significant effects are in line with some
other studies (Berends and Van Lieshout, 2009; Dewolf et al., 2015;
Lindner et al., 2021), it was contrary to expectation for response
accuracy and mental effort, as a majority of studies do report positive
effects on these variables (Hu et al., 2021). The fact that no significant
effect was found, does not seem to relate to the difficulty of the test. The
mean overall response accuracy for text-only items in experiment 1
(0.45) and experiment 2 (0.59) closely matches the mean response
accuracy reported in other studies that did find evidence for the
Multimedia Effect in Testing [e.g., 0.52 in Lindner (2020), or 0.55 in
Lindner et al. (2017a)]. Test-format, being multiple choice, is similar
with previous studies that did find a Multimedia Effect in Testing as well
(e.g., Saff etal,, 2012; Lindner et al., 2017a,b; Lindner, 2020). Lastly, also
from the perspective of sample size, the present study is not much
different from many earlier studies on the Multimedia Effect in Testing.
For instance, Ogren et al. (2017) studied results for 8 items answered by
36 participants, divided in an experimental and a control group, and Saf3
etal. (2012) studied results for 22 items answered by 184 participants,
divided into six experimental conditions with groups of approximately
25 children. An explanation for not finding data supporting the
Multimedia Effect in Testing might relate to the context of the study.
Most other studies on representational pictures have been conducted in
the context of primary education (Berends and Van Lieshout, 2009; Saf3
etal, 2017; Lindner et al., 2017a; Lindner, 2020). Studies done in the
context of higher education, as is the case in this study, are scarcer, and
often involve volunteers with little prior knowledge (e.g., Garcia-
Retamero and Hoffrage, 2013; Dewolf et al., 2015). Therefore, maybe
the fact that the data were gathered in the context of higher education
in an (semi)authentic setting as part of a 10-week course, where only the
test was manipulated for research purposes, moderated the outcomes.
As such, prior knowledge, and/or prior experiences of participants
might influence the Multimedia Effect in Testing. The notion that Ogren
etal. (2017) did not find a multimedia effect on response accuracy either
and a marginally significant increase in mental effort in a context
resembling the present study might lend support to this idea. As
mentioned, for Item Set 1 in experiment 1 with coherent representational
pictures, a significant lowering in mental effort was found. As described
below in the section on item-analysis, this result is largely the effect of
mental effort reported for two specific items in Item Set 1. Finally, the
use of coherent representational pictures in test items had no significant
effects on time-on-task (see Tables 2, 6). This outcome of no overall
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effect on response time is in line with previous studies (Safs et al., 2012;
Ogren et al,, 2017; Lindner et al., 2017a).

4.1.2 Non-coherent pictures

The data on non-coherent representational pictures show a
negative impact on response accuracy and on time-on-task, and no
significant effect on mental effort (see Tables 3, 7). It was anticipated
that non-coherent representational pictures would have no impact on
response accuracy, similar to the results for so called optional-stem
items in the study of Lindner et al. (2018) that would qualify as
non-coherent in our study. For the impact on mental effort and time-
on-task, we could compare only to the data on decorative pictures by
Lindner (2020), since the decorative pictures in this study seem to
be comparable with the non-coherent representational pictures in the
present study. In the latter study no effect on response accuracy or
perceived item difficulty was found, and a shortening of time-on-task.
From this, it seems that our study shows divergent results. The impact
of non-coherent representational pictures on the outcome measures
was largely due to Item Set 1 and Item Set 3 (see Tables 3, 7), indicating
that the effect is not a universal effect.

4.2 Multimedia effects of representational
pictures: item-level analysis

In line with the study by Hoogland et al. (2018a), comparing
differences between outcome measures of text-only and text-picture
items show variance between individual items (see Tables 4, 8). These
differences were significant for only a few items. As such, the item-
level analyses seem to indicate that the Multimedia Effect in Testing is
not universal but restricted to a subset of items. Unfortunately, other
studies present data only at test-level, so it is impossible to determine
whether this finding is in line with expectance. The finding that only
for a subset of items significant differences between text-only and text-
picture items were found seems to point at additional characteristics
of certain items apart from merely the presence of multimedia. The
study of Hoogland et al. (2018a) mentions pictorial elements as such
a characteristic. This probably refers to element interactivity: pictures
can either consist of one or multiple elements that need to
be simultaneously processed in the working memory because they
interact on their own (Mayer, 2021). Pictures that were high in
pictorial elements, and thus probably high in element interactivity,
negatively influenced response accuracy in the study by Hoogland
etal. (2018a). Apart from pictorial elements, one could think of many
other characteristics, as the pictures used in the present study model
biochemical and molecular concepts that require a substantial visual
literacy of the participants. Moreover, there is also the problem to
be solved and the response format (multiple choice) that can have
some characteristics that may have influenced the outcome measures
of the study. For instance, in the study by Saf et al. (2012) response
accuracy was unaffected by text-picture format for low complexity test
items, but significantly higher for high complexity test items. In the
present study, all items were constructed to be as similar as possible.
For instance, all items asked the participants to apply their knowledge
(according to revised Bloom’s taxonomy, Krathwohl, 2002). However,
the items tested several concepts rooted in molecular and cellular
biology that require substantial abstract reasoning and/or basic
understanding of biochemical concepts. So, apart from random
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sampling errors, differences in skills like abstraction or biochemical
thinking, might have influenced outcomes as presented in Tables 4, 8
(and Supplementary Tables S1, S2). Taken together, the Multimedia
Effect in Testing affects participants in complex (Lindner et al., 2021)
and sometimes contra-intuitively ways (Jarodzka et al., 2015; Ogren
etal., 2017).

4.3 Future direction

The present study is a valuable addition to the field of
research on the Multimedia Effect in Testing. It adds new data to
the emerging field of research on multimedia testing, it explores
a more comprehensive approach to categorize functionality, it
explores a new approach with analyses on item-level, and it does
this in the context of higher education for which there is an
overall lack of data. The present study makes clear that item-level
description of the Multimedia Effect in Testing has many
advantages in comparison to a test-level description. Hopefully,
other groups will embrace this approach. Lastly, it is of
importance that more data is gathered in authentic educational
setting, so that it will be clearer how the Multimedia Effect in
Testing influences everyday practice in education. Based on the
outcomes, it is safe to say that if there is a Multimedia Effect in
Testing, it is a complex phenomenon.
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