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Abstract

Studies have indicated that pictures in test items can impact item-solving perfor-
mance, information processing (e.g., time on task) and metacognition as well as test-
taking affect and motivation. The present review aims to better organize the exist-
ing and somewhat scattered research on multimedia effects in testing and problem
solving while considering several potential moderators. We conducted a systematic
literature search with liberal study inclusion criteria to cover the still young research
field as broadly as possible. Due to the complexity and heterogeneity of the relevant
studies, we present empirical findings in a narrative review style. Included studies
were classified by four categories, coding the moderating function of the pictures
investigated. The evaluation of 62 studies allowed for some tentative main conclu-
sions: Decorative pictures did not appear to have a meaningful effect on test-taker
performance, time on task, test-taking affect, and metacognition. Both represen-
tational and organizational pictures tended to increase performance. Representa-
tional pictures further seem to enhance test-taker enjoyment and response certainty.
Regarding the contradictory effects of informational pictures on performance and
time on task that we found across studies, more differentiated research is needed.
Conclusions on other potential moderators at the item-level and test-taker level were
often not possible due to the sparse data available. Future research should therefore
increasingly incorporate potential moderators into experimental designs. Finally, we
propose a simplification and extension of the functional picture taxonomy in multi-
media testing, resulting in a simple hierarchical approach that incorporates several
additional aspects for picture classification beyond its function.
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Introduction

Students learn better from words and pictures than from words alone; this phenome-
non is known as the multimedia effect in learning (Mayer, 2005). Multimedia design
also plays an important role in educational testing materials. Visual representations
are, for example, frequently used in large-scale international assessment materials
such as the Program for International Student Assessment (PISA; OECD, 2009).
Similar to multimedia learning (MML), studies have indicated that pictures in test
items can increase item-solving performance (Hartmann, 2012; Lindner et al.,
2017a, b; Ott et al., 2018; SaB et al., 2012) compared to text-only. This increase in
test performance due to the use of pictures is also referred to as the multimedia effect
in testing (Lindner, 2021; Lindner et al., 2017a, b).

However, research on multimedia testing (MMT) is still at an early stage. In con-
trast to multimedia learning (MML), where we can find a large number of reviews
on the effects of multimedia design (Noetel et al., 2022), there is little systematic
research on MMT, indicating the need for further investigation. Moreover, the term
multimedia is strongly associated with learning research. As a result, MML and
MMT are sometimes not clearly separated from each other. More work needs to be
done to establish MMT as a conceptually and theoretically distinct line of research
(e.g., Kirschner et al., 2017).

This review aims to contribute to this development by providing a systematic and
comprehensive overview of the current state of research. Based on a systematic lit-
erature search, the review will address key issues in the field, such as an appropriate
classification of picture types and their different effects on relevant educational out-
comes, as well as identifying other potential moderator variables.

Multimedia Learning versus Multimedia Testing

Before outlining the aims of this review, key similarities and differences between
MML and MMT should be highlighted due to their close relationship. In fact, the
cognitive processes relevant to both MML and MMT overlap considerably. The
learner and the test-taker must (at least in the initial phase of processing multime-
dia material) select information from the sensory memory (Atkinson & Shiffrin,
1971) and organize it in the limited working memory (Baddeley, 1992). Therefore,
in both cases, it makes sense to explain observed cognitive facilitation with simi-
lar theoretical concepts, such as reduced cognitive load (Chandler & Sweller, 1991)
due to using different cognitive channels (Clark & Paivio, 1991; Paivio, 1986). It
is therefore reasonable that many authors in the field of testing (e.g., Dirkx et al.,
2021; Hu et al., 2021; Jarodzka et al., 2015; Lindner, 2020) draw on multimedia
learning theories that integrate these findings, such as the Cognitive Theory of Mul-
timedia Learning (CTML; Mayer, 2005) and the Integrative Model of Text and Pic-
ture Comprehension (ITPC; Schnotz & Bannert, 2003). In contrast to the CTML,
the ITPC more explicitly describes the integration processes and the different roles
of verbal and visual elements and refers to a descriptive and a depictive branch of
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information processing. The model posits that text-based information (e.g., spatial
relations) is often given only implicitly and requires interpretation, leading to the
possibility of a text-based mental model that does not fully capture the relevant con-
tent. In contrast, pictorial information can be more directly extracted at a percep-
tual level. Thus, pictures can restrict the range of (mis)-interpretation derived from
text, a concept known as the constraining interpretation function, as introduced by
Ainsworth (2006). Thus, according to the ITPC, multimedia material (text+ picture)
facilitates the construction of a coherent mental model as text and pictures can have
complementary functions (Schnotz & Bannert, 2003).

However, crucial differences between MML and MMT should be considered as
well. One important difference lies in the structure of the presented material and the
timing of its presentation. In contrast to learning situations, task-relevant material in
testing situations is presented at the same time as the test question (Lindner, 2021).
Thus, test takers always receive textual and pictorial information simultaneously and
have the picture available during the problem solving phase (Lindner et al., 2017a,
b), the characteristic cognitive phase of the problem-solving process (Novick & Bas-
sok, 2005). Of course, assessments also take place in multimedia learning research
and can include pictures as well (e.g., Scheiter & Eitel, 2015; Scheiter et al., 2014).
However, these assessments are always directly related to a preceding multimedia
learning phase. In fact, MML authors should note that using pictures in the learning
phase and the subsequent assessment may be a factor to consider when evaluating
learning outcomes (Lindner et al., 2021).

Another key difference is that both learning and testing contexts refer to funda-
mentally different goals. In learning, the central goal is that students acquire new
knowledge and reproduce it after some time. A positive effect of multimedia on per-
formance can thus be considered an inherent and desirable goal for both, students
and educators. In testing, however, the primary goal of educators is not the improve-
ment of student’s performance, but rather the accurate measurement of it. In contrast
to the learning context, it would be inappropriate to claim that higher performance
due to the use of pictures is generally desirable in assessments. Whether, for exam-
ple, performance-enhancing effects are considered “beneficial” or “positive” also
depends on whether the targeted construct is measured more accurately or not (see,
e.g., also Lindner, 2021).

Pictures can influence the validity of assessments in various ways, so understand-
ing their effects is important. Keehner et al. (2023) for example, suggest using pic-
tures in digital test items to support certain cognitive processes that are not critical
for the measured target construct (e.g., reading in science items), in order to increase
construct validity and reliability. Concerns about validity also arise in the context of
low-stakes assessments, where there can be a significant disparity between an indi-
vidual’s actual proficiency and their demonstrated proficiency due to motivational
constraints (Wise & DeMars, 2005). Knowledge about the motivational effects of
pictures on students’ test-taking effort could be relevant here, as there are indica-
tions that pictures can reduce rapid-guessing behavior in test situations (Lindner
et al., 2017b).

Lastly, in both MML (Carney & Levin, 2002; Levin et al., 1987) and MMT (Hu
et al., 2021; Lindner, 2021), authors have pointed out that pictures can have different
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functions, leading to different effects. However, there are differences in the descrip-
tion of these functions between MML and MMT. While five different functions,
based on detailed exemplification (Levin, 1981), are described for MML (Carney
& Levin, 2002; decorational, representational, organizational, interpretational;
transformational), only four distinctive functions were derived from this classifica-
tion and transferred to MMT (Elia & Philippou, 2004; Elia et al., 2007), which are
described in the next section.

Picture Types in Multimedia Testing

Inspired by the prominent classification system from MML (Carney & Levin, 2002;
Levin, 1981; Levin et al., 1987), four picture categories describing the relationship
between a picture and the associated text have been proposed for MMT (Elia &
Philippou, 2004; Elia et al., 2007). The definitions for Decorative Pictures (DPs)
and Representational Pictures (RPs) are almost identical to those from MML. DPs
can be loosely associated with the item context but do not display task or solution
relevant information. RPs can represent a part or the whole of the (task-relevant) text
content.

Regarding Organizational Pictures (OPs), there are differences between the defi-
nitions used in MML and MMT. In MML, it is emphasized that the function of OPs
is to organize (complex) fragmented textual information more cohesively and thus to
make the textual information easier to integrate during the learning process (Levin,
1981). The original definition refers to pictures that present text content sequentially
(Carney & Levin, 2002), more similar to dynamic pictures (e.g., Ehrhart & Lindner,
2023) included in some studies of this review. In contrast, Elia and Philippou (2004)
speak of OPs when they provide directions that support the solution procedure.
More specifically, Lindner (2021) suggested that the term may be used especially
for pictures that support the solution procedure by providing a visuospatial structure.

The category of Informational Pictures (IPs) has been explicitly coined for
MMT. IPs depict information that is essential for the solution of the problem (Elia
& Philippou, 2004; Elia et al., 2007). Consequently, a test taker must process IPs
before answering the test questions. For IPs, there may also be cases where a picture
is the only source of information for a given task, with no additional text provided
(picture-only). Figure 1 provides an overview of the defining characteristics of dif-
ferent picture functions and includes examples from the MMT literature for each of
the four categories.

This functional taxonomy was used in previous reviews of multimedia test-
ing (see also Hu et al., 2021; Lindner, 2021) and seems to be the most appropriate
for our endeavour as well. It provides the most explicit and clear-cut distinctions
between picture categories as compared to other taxonomies. The function of a pic-
ture in terms of whether it is only loosely connected to the task text (i.e., decora-
tive), double-codes task-relevant information from the text (i.e., representational,
organizational), or complements the text with task-critical information (i.e., infor-
mational), is very clear to define and determine.
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Fig.1 Key Characteristics of Picture Function Types and Examples for a Decorative (Lindner, 2020),
Representational (Ehrhart & Lindner, 2023), Organizational (Brase, 2009) and Informational (Berends &
van Lieshout, 2009) Picture. Pictures are Adapted from Originals in Size. Note. Reprinted with permis-
sion from 'Elsevier and *John Wiley and Son or under 2CC BY license. *The revised and simplified tax-
onomy is a result of this narrative review and will be explained in greater detail in the Discussion section
and is displayed in Fig. 6 in its hierarchical structure

However, more taxonomies exist in the MML literature to classify pictures in mul-
timedia learning contexts. Ainsworth (1999, 2006) also took a functional approach
to describe a taxonomy for multiple representations. The functions described in her
classification overlap partly with the picture functions we use and propose in this
review for the context of multimedia testing. For example, for an item with IPs, one
could argue that the text and the picture have complementary functions (Ainsworth,
1999). RPs, on the other hand, are particularly well suited to fulfil a constraining
interpretation function (Ainsworth, 1999).
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Some other taxonomies focus on characteristics of pictures that do not refer to
the picture function (cf. Slough & McTigue, 2013): Alesandrini (1984), for exam-
ple, classified pictures according to their visual similarity to the relevant object or
concept, distinguishing between representational, analogical, and arbitrary repre-
sentations. Hegarty et al. (1991) focused on the level of abstraction and distinguish
between iconic and schematic representations. In fact, pictures in the same func-
tional category can still vary considerably also in the testing context, for example,
in their level of abstraction (for iconic RPs see, e.g., Lindner, 2020; for abstract RPs
see, e.g., Ott et al., 2018). Accordingly, a multidimensional classification system of
pictures is imaginable (e.g., function, abstractness, dynamism, complexity). How-
ever, a more detailed categorization would not improve the present review as the
required information regarding the picture material is not reported in most primary
studies so far. Our systematic overview of the field is therefore structured on the
basis of the four established picture functions in MMT (Elia & Philippou, 2004; Hu
et al., 2021; Lindner, 2021). Nevertheless, while building on previous work in mul-
timedia testing, our goal is to further discuss and expand the existing taxonomy and
make suggestions for refinements and future directions in the context of this review,
as we lay out in the Discussion part of this article.

Moderators Beyond Picture Types

Other potential moderators of picture effects in testing may play a role as well. At the
item-level, variables worth considering could be the task and item response format
(Lindner et al., 2022), the item complexity (Hoogland et al., 2018b) or the subject
domain (Lindner, 2020). At the test-taker level, cognitive (for domain specific abili-
ties see, e.g., Berends & van Lieshout, 2009; for prior knowledge see, e.g., Ehrhart
& Lindner, 2023) and affective-motivational moderators (e.g., students’ domain-
specific attitude; Cooper et al., 2018) could be considered. Additionally, examinees’
age may play a part in the effects. A comprehensive and systematic investigation of
different moderating variables is still required in the field, which is one important
goal of this review.

Moreover, studies concerned with multimedia effects in testing come from a wide
range of research areas. Many studies were established in educational contexts and
focused on mathematics (e.g., Cooper et al., 2018; Ehrhart & Lindner, 2023) and
science problems (e.g., Lindner et al., 2018). Other studies are focusing on applied
contexts, such as medical diagnostics (e.g., Garcia-Retamero et al., 2010) or pro-
gramming tasks (Whitley et al., 2006). As a result, the rather small research base
is also very heterogeneous with substantial differences in the tasks and domains in
which investigations have taken place. This makes it even more difficult to compare
and interpret the results and demands further investigation.

Typical Outcome Measures

Outcome measures in multimedia testing can be categorized in three broad cate-
gories: Cognitive, metacognitive, and affective-motivational outcomes. Cognitive
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outcomes that are typically measured are performance (e.g., Sa3 et al., 2012) and
time on task (e.g., Berends & van Lieshout, 2009). Whereas test accuracy is a key
indicator of test-taker performance, time on task is a parameter for ongoing cogni-
tive processes in multimedia testing. Few studies have used other measures of men-
tal effort, for example self-reports (Wang et al., 2022), secondary task score (e.g.,
Dindar et al., 2015) or eye-tracking data (e.g., Zheng & Cook, 2012). Metacogni-
tive outcomes reflect students’ cognition regarding their own performance in the test
situation, such as the self-perceived certainty of their response correctness (Lindner
et al., 2021). Affective-motivational outcomes comprise affective experiences such
as test anxiety but also motivational outcomes such as test taking motivation (Lind-
ner et al., 2021). However, there is still no systematic overview of how often the dif-
ferent groups of outcome measures have been studied in MMT and how heterogene-
ous the operationalisation had been.

The Present Review

In a first meta-analysis, Hu et al. (2021) refer to the function of a picture as a cen-
tral moderator of multimedia effects in the test context. While they found small-
to-medium multimedia effects on test performance for RPs (Hedges’s g=0.24) and
OPs (Hedges’s g=0.52), they found no significant summary effect for IPs. How-
ever, given their search period (until August 2018), Hu et al. (2021) only identi-
fied 26 studies and were, for example, not able to investigate the effects of DPs in
testing situations. A complementary conceptual approach to discuss the base and
recent developments in the field of MMT is provided by Lindner (2021). While this
work is a narrative reflection on the field, it does not explicitly feature a systematic
search and analysis of the literature. The aim of the present review is to systemati-
cally investigate—for the first time—the effects all four types of picture functions.
Another contribution to the existing work concerns the classification of pictures in
MMT. While Hu et al. (2021) and Lindner (2021) also refer to the functional clas-
sification approach, we systematically investigate how frequently the respective ter-
minology is actually used in primary studies. In the present work, we also aim to
discuss simplifications and potential improvements of the classification system for
pictures in MMT to motivate the field towards using a more unified terminology in
future studies.

Another contribution of the present review is that it has an additional focus on
other potential moderators, e.g., at the item level or at the task-taker level. A system-
atic literature overview of moderators that have been investigated in primary studies
does not yet exist. Again, broader inclusion criteria are needed here, as some stud-
ies do not have a control group because they are investigating a potential moderator
only (e.g., Dewolf et al., 2017; Dirkx et al., 2021; SaB et al., 2017). To achieve this
goal, we used all available studies for this investigation, not only studies that would
meet strict statistical and study design criteria for a meta-analysis.

Our narrative review is primarily exploratory in its motivation to capture the
field in its breadth, focusing on the effects of different picture types and reflect-
ing on potential moderating factors. Still, based on the literature, it was possible to
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formulate hypotheses regarding the expected effects of specific picture functions on
certain outcomes. For DPs, for example, a multimedia effect seemed unlikely, nei-
ther with regard to the cognitive and metacognitive variables or the affective-moti-
vational outcomes based on large studies (Ehrhart et al., 2024; Lindner, 2020). On
the contrary, we expected that individuals show increased test-taking performance
when solving text-picture items with visualizations that can be classified as repre-
sentational or organizational (e.g., Hu et al., 2021). Moreover, it can be expected
that positive effects of RPs on metacognitive and affective-motivational variables
are evident as well (Lindner, 2020; Lindner et al., 2022). For IPs, the data base
seemed to be complex and heterogeneous (Hu et al., 2021), which made it more dif-
ficult to form specific hypotheses. Yet, we expected to find the heterogeneity of IP
effects reflected in our results.

Taken together, the present work is, by implementing very broad inclusion crite-
ria, the first systematic review that gives a comprehensive overview of the existing
literature on multimedia testing. In addition to providing a numerical overview of
the number of studies and outcome measures that have been examined so far, the
narrative format offers the opportunity to qualitatively summarize the very heteroge-
neous field, which is relevant in the development towards a more distinctive line of
research.

Methods
Search Method and Inclusion Criteria

The ScienceDirect, PsycINFO and Web of Science databases were searched with
the following search string: “illustration” OR “Multimedia effect” OR “Multiple
representation” OR “text-picture” OR “external representation”) AND (“problem
solving” OR “test” OR “testing” OR ““assessment”. No limit in terms of older pub-
lications has been defined, whereas studies until December 2022 were included in
the review. The search string was chosen after carefully analyzing keywords from
prominent studies in the field. Due to the ambiguous terminology across articles and
fields, we assumed that several articles that would be of interest for the review were
not found by searching the databases. Therefore, the snowball method was another
vital component of the search strategy. “Snowballing” involves tracking references
of already identified articles, which can significantly contribute to the number of
studies found (Greenhalgh & Peacock, 2005). The database was further extended
by studies that we had already collected from the field in several years of research.
These studies were also reviewed in more detail regarding their suitability for this
work.

The essential criterion for including articles was that pictures are displayed in a
test or problem-solving material where the text-based problem statement or ques-
tion is displayed simultaneously with the (manipulated) picture information. A con-
trol group (e.g., text-only) was considered as beneficial but was not mandatory for
inclusion in this narrative review. Studies that have been published in English and
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German language were included. The review incorporates not only articles from sci-
entific journals but also two dissertations and one research report.

Screening Procedure

After the database search, a detailed screening of all results was performed. The
screening consisted of three parts: First, only the titles of all results from the data-
bases were read. Here, only studies were excluded that clearly belonged to an irrel-
evant and unrelated research area. A conservative approach was taken in order to
avoid excluding potentially relevant studies at this stage.

Second, for the remaining articles, the abstracts were compiled and screened. In this
phase, studies found via the snowball method were additionally screened. The leading
single reason for exclusion at this stage was that the study in question came from the
field of MML and not MMT.

Third, the full texts were collected and analyzed in detail for all studies that appeared
to be appropriate for the review according to the information in the abstracts. In this
phase of a more detailed examination of the full texts, the most common reason for
exclusion was still that the decisive criterion of simultaneous presentation of pictures
and tasks in multimedia testing was often not met (i.e., MML vs. MMT). Figure 2 illus-
trates the entire screening procedure in a PRISMA flow diagram.

Data Extraction and Coding

Data extraction was carried out systematically according to a predefined coding table.
The resulting excel sheet was the basis for the systematic analysis of the results and the
narrative writing process. Information that had been coded was: Authors; Year; Journal;
Picture type (with sample image); Outcome variables; Moderator variables; Domain;
Item description; Number of items; Answer format; Context (e.g., school or univer-
sity); Testing technique (paper—pencil vs. computer-based); Number of participants;
Mean age of participants; Country; Main results; Other (e.g., use of Eye-Tracking).

Following our narrative approach, we only report broader categories of “positive”,
“neutral” or “negative” effects and do not apply statistical tests. For the interpretation
of our findings, it is therefore important to note that the interpretation of whether the
increased or decreased performance due to the use of pictures can actually be consid-
ered as a “positive” or as “negative’” outcome in practice does primarily depend on the
pictures’ impact on the test validity and the specific goal of a given assessment. Thus,
the terms “positive’” and “negative” in the results section should only be interpreted in
terms of an effect direction.

Results and Narrative Synthesis
Investigated Picture Types and Applied Terminology Sixty-two articles were coded

for this review which were classified by the investigated picture categories. The cod-
ing of the picture functions was performed by two coders and resulted in a very high
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Fig.2 Flow Diagram of Article Search and Screening

inter-rater reliability (Cohen’s Kappa=0.957). For two articles, there was an initial
disagreement among the raters due to apparent translation issues of the items, which
could be resolved by discussion in both cases. In twelve studies, more than one pic-
ture type was investigated in separate experimental conditions. Thus, a study may
appear in the result sections of more than one function type (e.g., Berends & van
Lieshout, 2009; Ehrhart & Lindner, 2023; Lindner, 2020).

Overall, pictures that can be classified as representational pictures (RPs) were
examined most frequently (35.71%), followed by informational pictures (IPs;
32.86%), decorative pictures (DPs; 20.0%) and organizational pictures (OPs;
11.43%). However, we found that not all studies applied the proposed terminology
for the respective picture functions. While the term “decorative” was used in 50% of
studies that investigated pictures that can be characterized as DPs, this proportion
was slightly higher for RPs (56%), but substantially lower for OPs (12.5%) and IPs
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[a] Picture Types in Articles [b] Proportion of Terminology Use in Studies

Decorative i
Decorative

Representational Representational

Organizational Organizational 87.5%

Informational Informational [[35 % 95.24% ]

@Studies That Used the Proposed Terms

OStudies That Used Other Terms

Fig.3 (a) Number of Articles (n) Investigating a Certain Picture Type. (b) Percentage of Articles that
Used the Proposed Terminology to Describe the Function of the Investigated Picture Type as Identified
in this Review

Table 1 Terms Used by Different Authors for Different Types of Pictures

Picture Function ~ Other Terms

Decorative useless (Berends & van Lieshout, 2009); vignette illustrations (Solano-Flores et al.,
2014); contextual (Clinton & Walkington, 2019); misleading (Clinton & Walking-
ton, 2019); irrelevant (Clinton & Walkington, 2019); illustrations (Cooper et al.,
2018); seductive picture (Strobel et al., 2019)

Representational  helpful illustrations (Berends & van Lieshout, 2009); information equivalent rep-
resentation (Sall & Schiitte, 2016); redundant text-picture combination (Magnus
et al., 2020); repeated illustrations (Wang et al., 2022); non-interactive graphic
representation (Zheng & Cook, 2012); graphics (Dindar et al., 2015; Malone et al.,
2020; Ott et al., 2018); graphs (C)gren et al., 2017); diagram + illustration (Cooper
et al., 2018); diagrammatic illustrations (Clinton & Walkington, 2019); diagram
(Beveridge & Parkins, 1987)

Organizational venn diagram (Brase, 2009); dotted venn diagram (Brase, 2009); icon representa-
tion (Brase, 2009); visual aid (Garcia-Retamero & Hoftrage, 2013); icon arrays
(Garcia-Retamero et al., 2010); diagram (Booth & Koedinger, 2012; Cooper et al.,
2018); external representation (Mufiez et al., 2013); illustrations (Chu et al., 2017)

Informational essential (Berends & van Lieshout, 2009); complementary (Safy & Schiitte, 2016);
required pictures (Wang et al., 2022); non-redundant text—picture combination
(Magnus et al., 2020); pictorial representation (Lin et al., 2013; Yang & Huang,
2004); close to real-life representations (Hoogland et al., 2018a, b); visualisation
(Dirkx et al., 2021); contextualised (Ramjan, 2011); content illustration (Wu et al.,
2015); images (Vorstenbosch et al., 2013); pictorial information (Jarodzka et al.,
2015); visual programming language (Whitley et al., 2006); pictures (Garret, 2008;
Goolkasian, 1996, 2000; Goolkasian, 1996, 2000; Hartmann, 2012; Sal3 et al., 2012;
Schnotz & Wagner, 2018; Schnotz et al., 2014); anatomical illustration (Bahlmann,
2018)

(4.35%). Thus, although studies have investigated pictures that meet the definitions
of OPs and IPs, they rarely referred to them as such. Figure 3 provides an overview
of how many articles studied the different types of pictures, along with the percent-
age of studies that employed the proposed labels for the picture functions.
Furthermore, in Table 1, we have collected terms used by authors in the primary
studies that differ from the functional terminology we have used. It illustrates that
the functional approach terminology is not used consistently in the field. However,
Table 1 also demonstrates that many authors have implicitly employed a functional
approach when describing their pictures. They referred, for example, to decorative
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3

pictures as “useless” or “irrelevant”, to representational pictures as “helpful” or
“information-equivalent representation”, and to informational pictures as “essential”
or “required pictures”. Furthermore, Table 1 shows that no alternative taxonomy
seems to have gained widespread acceptance in the field of MMT yet, as there is no
discernible systematic pattern in the used terms in primary studies.

Seven studies (Ahmed et al., 2021; Crisp & Sweiry, 2006; Firat, 2017; Gray et al.,
2012; Giinbag, 2020; Hao, 2010; Solano-Flores et al., 2016) could not be grouped
in one of the categories because they presented different types of pictures in one
experimental condition.

Identified Outcome Measures in Primary Studies For all picture types, performance is
the most frequently studied outcome. For OPs and IPs in particular, only a small pro-
portion of studies have collected data on other relevant outcomes. The most compre-
hensive database in terms of a variety of outcome measures is available for RPs. For
RPs, a notable number of seven studies have also collected eye-tracking data (Lindner
et al., 2017a, b; Malone et al., 2020; C)gren et al., 2017; Ott et al., 2018; Sal} et al.,
2017; Wang et al., 2022; Zheng & Cook, 2012). The results of the eye-tracking studies
are mentioned and integrated into the narrative synthesis where appropriate and mean-
ingful. It should also be mentioned that some studies reported qualitative measures
(Ahmed et al., 2021; Gray et al., 2012; Hao, 2010). However, these variables are not
part of the present review. Figure 4 shows how often the different outcome measures
were investigated in primary studies, categorized by the four distinct picture types.

Multimedia Effects on Performance There are slight differences in the dependent vari-
ables related to performance. Most studies reported the proportion of correct responses

Outcome Measures

[a] Decorative Pictures [b] Representational Pictures

In=14 1n=25

Time on Task n=5 Time on Task n=13

Metacognition n=4 Metacognition n=9

Affecti n=6 Affective-Motivational """ n=10
Mental Effort | n=0 Mental Effort n=4
Eye-Tracking [ n=3 Eye-Tracking [ n=7

[c] Organizational Pictures

[d] Informational Pictures

In=8 ] n=21
Timeon Task [ n=1 Timeon Task ] n=5
Metacognition [ ] n=1 Metacognition | n=0
Affective-Motivational [ n=1 Affective-Motivational [] n=2
Mental Effort | n=0 Mental Effort [] n=2
Eye-Tracking [ ] n=1 Eye-Tracking [ n=5

Fig.4 Number of Articles (n) in Which the Various Outcome Measures were Investigated for (a) Deco-
rative, (b) Representational, (¢) Organizational and (d) Informational Pictures

@ Springer



Educational Psychology Review (2024) 36:49 Page 130f30 49

given by test-takers. However, some studies investigated the proportion of responses
that were realistic (Dewolf et al., 2014, 2015, 2017), and some studies reported differ-
ences between text-only and text-picture items in terms of item difficulty (Bahlmann,
2018; Dirkx et al., 2021; Lindner et al., 2018; Vorstenbosch et al., 2013).

For DPs, twelve out of fourteen studies compared a text-picture condition with a
text-only condition. None of these twelve studies found a significant effect of DPs
on performance compared to text-only (Agathangelou et al., 2008; Berends & van
Lieshout, 2009; Clinton & Walkington, 2019; Cooper et al., 2018; Dewolf et al.,
2014, 2015; Ehrhart et al., 2024; Elia et al., 2007; Lindner, 2020; Solano-Flores
et al., 2014, Strobel et al., 2019). Thus, DPs seemed to neither increase nor decrease
performance. This finding is in line with results from research on MML (Carney
& Levin, 2002; Levin et al., 1987). Our results suggest that DPs in MMT demand
little test-taker attention (Lenzner et al., 2013) rather than reducing performance as
seductive details (Lehman et al., 2007).

Regarding RPs, conclusions about the effects on performance compared to
text-only could be drawn from twenty-one articles. An apparent majority of arti-
cles, namely fourteen, reported higher accuracy rates for items with RPs compared
to text-only (Beveridge & Parkins, 1987; Cooper et al., 2018; Ehrhart & Lindner,
2023; Ehrhart et al., 2024; Lindner, 2020; Lindner et al., 2018, 2021, 2022, 2017a,
b; Malone et al., 2020; Saf} et al., 2012; Wang et al., 2022). Six studies found no
effects (Agathangelou et al., 2008; Berends & van Lieshout, 2009; Clinton & Walk-
ington, 2019; Ogren et al., 2017; Ott et al., 2018; Zheng & Cook, 2012) and in one
study it was reported, that effects were dependent on a moderator (Magnus et al.,
2020). Taken together, the evaluated studies with RPs show clear evidence for a
multimedia effect in testing that is consistent with the multimedia effect in learning
(Levin et al., 1987; Mayer, 2005).

For OPs, a similar picture emerges from the identified studies. From seven arti-
cles with a text-only control group, six reported higher scores for items with OPs
compared to text-only (Brase, 2009; Chu et al., 2017; Cooper et al., 2018; Garcia-
Retamero & Hoffrage, 2013; Garcia-Retamero et al., 2010; Mufiez et al., 2013). One
study reported a higher accuracy rate as a function of a moderator variable, namely
the age of the participants (Booth & Koedinger, 2012).

The effects of IPs on performance compared to text-only could be derived from
sixteen articles. Six articles found that items with IPs increased the performance
compared to text-only (Goolkasian, 1996; Hartmann, 2012; Hoogland et al., 2018b;
Ramjan, 2011; SaB et al., 2012; Whitley et al., 2006). No effects of IPs on perfor-
mance compared to text-only were shown in three studies (Bahlmann, 2018; Garret,
2008; Goolkasian, 2000). Unlike the other three categories, five articles with IPs
found a decreased performance (Berends & van Lieshout, 2009; Elia et al., 2007;
Hunt, 1978; Lin et al., 2013; Yang & Huang, 2004). In two articles, no clear conclu-
sion was reported. Instead, it was noted that the type of task seems to be a key mod-
erator (Magnus et al., 2020; Vorstenbosch et al., 2013).

While we have drawn relatively straightforward conclusions regarding the effects
of DPs, RPs and OPs on performance, this is not possible for IPs, given the pre-
sent database. Remarkably, IPs are the only category for which performance-
reducing effects were reported. Previous reviews have already indicated the strong
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heterogeneity in studies that investigate IPs (Lindner, 2021) and this is, once again,
confirmed in our review for a broader data base. Figure 5 illustrates the reported
directions of multimedia effects compared to text-only for all four outcome meas-
ures and categorized by the four distinct picture types.

Multimedia Effects on Time on Task Five studies assessed the effects of DPs on time
on task. Whereas Berends and van Lieshout (2009) found that math items without
pictures were processed significantly faster than tasks with DPs, three studies found
no significant effects of DPs on time on task (Ehrhart & Lindner, 2023; Ehrhart
et al., 2024; Lindner, 2020). In an eye-tracking study, a longer time on task was
found in the experimental condition with DPs (Strobel et al., 2019). Findings from
this and other eye-tracking studies showed, however, that DPs are rarely (Dewolf
et al., 2015) and shortly (Strobel et al., 2019; Wang et al., 2022) fixated by test tak-
ers. Overall, the assumption that DPs have little effect on the cognitive processes of
test takers seems to be supported here.

Regarding RPs, most articles found no effect on time on task compared to text-
only (Ehrhart & Lindner, 2023; Ehrhart et al., 2024; Lindner, 2020; Lindner et al.,
2017a; Malone et al., 2020; Ogren et al., 2017; Ott et al., 2018; Zheng & Cook,

[a] Performance [b] Time on Task
Decorative Pictures Representational Pictures Decorative Pictures Representational Pictures
1 1 1
6
12 3 9
No Effects " ::’::"’:EZ""’“ =Reduced « No Effects ~ Prolonged N ::dE" ":::“
Moderated Effects Moderated Effects
Organizational Pictures Informational Pictures Informational Pictures

1
5 § . 1
Lack of Studies Using

Organizational Pictures

2 3 1 1
= Positive Effects = Reduced
= Positive Effects No Effects No Effects
Moderated Effects Moderated Effects Prolonged
Negative Effects Moderated Effects
[c] Metacognition [d] Affective-Motivational
Decorative Pictures Representational Pictures Decorative Pictures Representational Pictures
n 1 n
) 4
« Positve Effects  « No Effects * Positve Effects  Picture Bias = Positive Effects No Effects wPositive Effects
i i Lack of Studies Usin, Lack of Studies Usin Lack of Studies Using
Lack of Studies Using i ctures Organizational Picturegs Informational Pictures
Organizational Pictures Informational Pictures g

Fig.5 Direction of Reported Picture Effects on (a) Performance, (b) Time On Task, (¢) Metacognition
and (d) Affective-Motivational Outcomes Compared to Text-Only for Studies with Decorative, Repre-
sentational, Organizational and Informational Pictures. Note. The terms positive and negative are used
in this context to refer to the direction of the statistical effects. A positive effect on performance can be
understood as a performance-enhancing effect. However, it highly depends on the goals of the test and
the test designer whether this would be considered a beneficial outcome in a particular assessment

@ Springer



Educational Psychology Review (2024) 36:49 Page 150f30 49

2012). On the other hand, Lindner et al., (2017b) and SaB et al. (2012) even found
a reduction in time on task due to RPs whereas Berends and van Lieshout (2009)
reported a prolonged time on task. Although several studies do not show an impact
on the total time on task, eye-tracking studies suggest an effect on cognitive pro-
cesses. Students looked less often at text-based parts of the item, such as the text
stem or the problem statement (Lindner et al., 2017a; Ogren et al., 2017). Thus, stu-
dents seem to use the time they would usually spend on textual information in text-
only items to process the pictorial information in text-picture items. Moreover, RPs
seem to make cognitive processes more efficient during the initial problem repre-
sentation phase (i.e. mental scaffolding) and were also attended to for mental model
updating in the later problem-solving phase (Lindner et al., 2017a).

For OPs, only Miufiez et al. (2013) found that time on task was reduced compared
to text-only items. An eye-tracking study with OPs and RPs (but without a text-only
control group) reported that the relative fixation duration on the picture was higher
for items with OPs compared to items with RPs (Saf et al., 2017).

Regarding IPs, similar to results on performance, contrasting effects on time on
task are reported. Studies found a prolonged time on task (Berends & van Lieshout,
2009), a reduced time on task (Goolkasian, 1996) or no effect (Saf3 et al., 2012).
In one study (Whitley et al., 2006), the time on task of test-takers depended on the
specific type of task. Consistent with the definition of IPs (they present additional
information), an eye-tracking study by Wang et al. (2022) found that fixation transi-
tions between text and pictures were more frequent in items with IPs compared to
items with DPs or RPs.

Multimedia Effects on Metacognition For DPs, three studies found no effects on
perceived item ease (Lindner, 2020) or on a metacognitive expectation of the cor-
rectness of responses (e.g., Ehrhart et al., 2024), whereas the results of one study
indicate that DPs can increase the response certainty compared to text-only (Dewolf
et al., 2015). Although the data base is very small, the results appear to be consistent
with a lack of effects on cognitive measures.

Regarding RPs, seven articles reported significant effects on metacognition.
Among them were a reduction in perceived item ease (Lindner, 2020), lower item-
difficulty ratings (Malone et al., 2020) and higher metacognitive expectation of the
correctness of responses (Ehrhart & Lindner, 2023; Ehrhart et al., 2024; Lindner
et al., 2021, 2022). Ogren et al. (2017) found a “picture bias” in their study. Students
were more likely to agree on a true or false task when RPs were present. Thus, iden-
tified studies indicate that RPs can significantly affect test-takers’ metacognitive pro-
cesses and evaluations. However, the metacognitive outcomes measured were mani-
fold and the articles in the database referred to several slightly different variables,
which makes it harder to compare them across studies.

For OPs, we found only two relevant studies. Garcia-Retamero and Hoffrage
(2013), reported on a task-difficulty rating and found a main effect of the presenta-
tion format (task with pictures were rated as less difficult). Chu et al. (2017) found
that students made fewer conceptual errors in text-picture items compared to text-
only items.
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For IPs, we were not able to identify any studies that have investigated effects on
metacognition.

Multimedia Effects on Affective-Motivational Outcomes For DPs, four articles
reported no effects on affective-motivational outcomes, namely students’ interest
(Clinton & Walkington, 2019) and item-solving satisfaction (e.g., Ehrhart et al.,
2024; Lindner, 2020). In contrast, Cooper et al. (2018) reported that students rated
tasks more favourably when decorative elements were presented. Agathangelou
et al. (2008) also speak of a positive attitude towards DPs.

For RPs, nine studies found significant effects of RPs on affective-motivational
outcomes. For example, RPs positively affected item-solving satisfaction (Ehrhart
& Lindner, 2023; Ehrhart et al., 2024; Lindner, 2020; Lindner et al., 2018, 2022) or
significantly reduced the average level of rapid-guessing behaviour (as an indicator
for test-taking engagement; Lindner et al., 2019, 2017a, b). Two studies reported a
positive attitude of students’ toward RPs (Agathangelou et al., 2008; Malone et al.,
2020). Thus, there are clear indications that RPs increase the enjoyment and motiva-
tion of test participation. Although similar findings may be expected for OPs, we
can only report the lack of respective studies.

For IPs, Hunt (1978) found that students perceived tests with pictures as a more
valid measurement of their competencies compared to text-only tests. Ramjan
(2011) reported that students valued tasks with IPs more highly and rated the tasks
as more relevant.

Moderators: Test-Taker Level

Student Abilities / Prior Knowledge The category most frequently researched at the
test-taker level pertains to the test-takers’ capabilities. A slightly greater proportion
of studies in our database indicate that the level of student abilities is not a sig-
nificant moderator of multimedia effects in testing. Studies reported no significant
moderating effect of arithmetical abilities (Berends & van Lieshout, 2009 for DPs,
RPs and IPs; Chu et al., 2017 for OPs), cognitive abilities (Lindner et al., 2018 for
RPs; Muifiez et al., 2013 for OPs; Strobel et al., 2019 for DPs) or reading abilities
(Lindner et al., 2018 for RPs). However, other findings suggest a certain moderating
influence: Students from lower-track schools, who, on average, have lower cogni-
tive skills than students from higher-track schools, were particularly affected from
(representational) pictures in two studies (Ehrhart & Lindner, 2023; Lindner et al.,
2022). Regarding the influence of prior knowledge, Ehrhart and Lindner (2023) sug-
gested a stronger effect of RPs for students with low to medium prior knowledge. In
contrast, Cooper et al. (2018) indicated that students with higher mathematical skills
could use RPs more efficiently. However, the lack of data and the heterogeneity in
operationalizations make a sound interpretation difficult. More primary studies are
needed for conclusions and standardized assessments of cognitive abilities and prior
knowledge should be used to improve the comparability of results.
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Age Regarding the age, Booth and Koedinger (2012) found that students from
the seventh and the eight-grade showed higher scores in algebra items with RPs,
whereas students from the sixth grade performed better in the text-only condi-
tion. Lindner et al. (2018) also reported that age was a significant predictor in their
model. However, the data indicate that younger students (mostly Sth grade) bene-
fited more from the presence of RPs in science items then older students (mostly 6th
grade). Even though we lack clear evidence in this regard, an interaction of students’
age and picture type may exist, depending on the prerequisite knowledge needed to
interpret the picture properly. The more abstract or complex the picture and training
needed for its correct interpretation (e.g., algebra), the more may students with a
higher age and higher level of education benefit from the picture, whereas pictures
that are realistic depictions and do not need training for interpretation may better
support students with lower age and status of education. However, this is only an
initial assumption that needs to be tested in future research.

Affective-Motivational Factors We have already covered the multimedia effect on
affective-motivational variables. However, affective-motivational variables can
also be investigated as moderators. A stronger effect of RPs on performance was
found for students who reported a higher overall test-taking pleasure (Lindner et al.,
2018) and students who expressed a higher appreciation for the domain of math
(Cooper et al., 2018). It is conceivable that a high level of engagement allows test-
takers to exploit the potential cognitive facilitation of multimedia material (espe-
cially RPs) more effectively. Yet, to make causal interpretations, studies should aim
to experimentally vary the motivation of students to take a test with multimedia
manipulations.

Gender In two studies, Dewolf et al. (2014) found no moderating effect of gender
on the effects of DPs in testing. Consistent with this, gender was not a significant
predictor of multimedia effects for RPs in a study (Lindner et al., 2018). This pattern
is consistent with an assumption of general cognitive multimedia effects with no
particular relation to gender. However, more research is needed in this area to obtain
conclusive results.

Native Language Solano-Flores et al. (2014) investigated native English speakers
and non-native speakers and found that the native language did not influence the
effect of DPs. In contrast, Hartmann (2012) reported for items with IPs a stronger
performance-enhancing effect for students who did not have the language of the
test material as their first language. Studies that focus on the effects of RPs on non-
native speakers would be desirable, as the dual coding of the picture information
may mitigate language deficiencies in particular.

Moderators: Item-Level

Item-Complexity Understanding whether pictures have different effects depending
on the item complexity is crucial for the targeted use of pictures in test items. The
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most elaborate study design so far was implemented by Wang et al. (2022). In a 3x3
within-subjects design, three types of pictures were combined with items of varying
difficulty. The authors report that the item complexity interacted with the picture func-
tion. They conclude from their study, for example, that IPs may reduce accuracy on
low-difficulty problems (due to unnecessary induced cognitive load) but could support
students’ understanding of more complex and difficult tasks. In line with this, other
studies indicate that pictures can have a performance-enhancing effect especially for
difficult items and this was found for IPs (Goolkasian, 1996; Hoogland et al., 2018b),
RPs (Elia et al., 2007; Saf3 et al., 2012) and OPs (Muiiez et al., 2013). However, Chu
et al., (2017) found no considerable effect of varying complexities for OPs.

Subject Domain Lindner (2020) varied the subject domain and found the same pat-
tern, i.e., multimedia effects for RPs but not for DPs, for both math and science items.
However, studies with IPs suggest that effects of pictures may vary across different
subdomains, such as in math (Hoogland et al., 2018b), medicine (Vorstenbosch et al.,
2013), biology (Magnus et al., 2020) or programming (Whitley et al., 2006).

Dynamism and Modality Some studies have investigated whether dynamic pictures
differ from static pictures regarding their multimedia effects. Two studies suggest a
slight difference in item difficulty (Static>Dynamic; Wu et al., 2015 for IPs) and
performance (Dynamic> Static; Ehrhart & Lindner, 2023 for RPs) for dynamic
pictures compared to static pictures. Other studies found no particular benefits
for dynamic as compared to static RPs (Dindar et al., 2015; Ehrhart et al., 2024).
Moreover, the effects of RPs on problem-solving were not significantly influenced
by text modality (e.g., Ehrhart & Lindner, 2023). As technology advances and com-
puter-based testing becomes a standard, pictures with different dynamics, elements
of interaction, and items with different text modality may become more commonly
implemented (Arslan et al., 2020; Keehner et al., 2023). Thus, continuing research
in this direction may be worthwhile.

Integration Format Several studies investigated how CTML instructional design
principles (i.e., spatial contiguity: picture and text should be displayed in close prox-
imity) affected performance in tasks and reported contradictory findings. Some stud-
ies (Dirkx et al., 2021 for IPs; Sal & Schiitte, 2016 for IPs; Wang et al., 2022 for
RPs) found that adjusting items according to common instructional design princi-
ples lowered item difficulty. One study found no moderating effect of the integration
format for RPs and OPs (SaB et al., 2017). In contrast, Jarodzka et al. (2015) showed
that students performed better on tasks with IPs in a split test item format compared
to an integrated item format. However, they found no differences in visual transi-
tions between fixations on text and picture for the two formats. This finding is still
surprising and contradicts the spatial contiguity principle, which has received some
empirical support also in the testing context (e.g., Moon et al., 2022). More research
will be necessary to investigate if this effect is replicable across studies and if the
effect may relate in a certain way to the nature of IPs.
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Other Item-Design-Factors Carotenuto et al. (2021) found that changes in the pres-
entation of a text-picture item, such as the way a question is posed, can affect stu-
dents’ suspension of sense making. Lindner et al. (2022) investigated the response
format as a potential moderator for the effects of RPs and found a stronger effect
in constructed-response items (i.e., open response format) compared with multiple-
choice items (i.e., closed response format). Furthermore, Dewolf et al. (2017) found
that highlighting contextual elements within DPs with an orange marker did not
alter the occurrence of null effects.

Discussion

The present review had several objectives. The overall objective was to collect and
organize the existing research on the use of multimedia in test contexts. A system-
atic overview was intended to help to better define the field, especially in distinction
to multimedia learning. One specific goal of the review was to investigate whether
different picture functions are associated with different effects. Similar attempts have
also been made in multimedia learning (Carney & Levin, 2002; Levin et al., 1987)
and multimedia testing (Hu et al., 2021; Lindner, 2021). However, the combination
of a systematic literature search with a narrative presentation of the results is a new
contribution to the field and allowed to consider the existing work in broader terms.
Another contribution of this review is that it provides the first systematic overview
of further potential moderator variables that have been studied in the context of mul-
timedia testing (beyond the picture type). Lastly, our narrative approach allowed us
to make another novel contribution to the field. So far, there has been no systematic
investigation of the extent to which the proposed terminology for different picture
functions is actually used. However, due to the importance of the picture type as a
central moderator in multimedia testing (Hu et al., 2021; Lindner, 2020, 2021), it
seems necessary to discuss and establish a uniform terminology in the field. Thus,
we have placed particular emphasis on this aspect. Our proposal of an alternative
and somewhat simplified terminology is presented in the discussion.

Multimedia Effects of Decorative Pictures The present review is the first that sys-
tematically considered the effects of decorative pictures on various outcome meas-
ures in multimedia testing. Our narrative synthesis indicates that decorative pictures
do not affect performance, time on task, and metacognition to a meaningful extent.
Although the chosen methodology was helpful for our purpose, it does limit the con-
clusions we can draw. A meta-analytic study of the effects of decorative pictures,
which has not yet been done, would be a necessary complement. Further primary
studies that can be included would be desirable. In particular, affective-motivational
variables should be investigated, for which conclusions about multimedia effects can
only be made carefully based on the identified studies so far.

Multimedia Effects of Representational and Organizational Pictures Our narra-
tive review supports a previous meta-analysis (Hu et al., 2021) which found that
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representational pictures in test items have a significant effect on test-taker perfor-
mance compared to text-only items. Our results indicate a slightly more stable effect
for organizational pictures on performance compared to text-only. This suggests that,
similar to multimedia learning (Schiiler et al., 2019), the inclusion of pictures in mul-
timedia tests can lead to higher accuracy rates particularly when spatial information
is displayed and needs to be processed. However, as already discussed, it is difficult
to distinguish between representational pictures and organizational pictures in exist-
ing studies in the field of multimedia testing, as organizational pictures could be
understood as a specific type of representational pictures according to their definition.

We found heterogeneous data regarding the effects of representational pictures
on time on task. For a deeper understanding of the cognitive processes involved, it
would be important to conduct further eye-tracking studies. Although we identified
seven eye-tracking studies already (Lindner et al., 2017a, b; Malone et al., 2020;
Ogren et al., 2017; Ott et al., 2018; SaB et al., 2017; Wang et al., 2022; Zheng &
Cook, 2012), some did not include a text-only control group (e.g., Jarodzka et al.,
2015; SaB et al., 2017; Wang et al., 2022) which limits the informational value
with regard to certain research questions. Moreover, a systematic review of eye-
tracking studies in the field of multimedia testing, analogous to multimedia learning
(Alemdag & Cagiltay, 2018), would be desirable in the future once the database is
sufficient.

Our broad literature search and inclusion criteria allowed us to make solid assump-
tions about the effects of representational pictures on metacognitive and affective-
motivational variables. In addition to enhanced performance, representational pictures
seem to lead to both more confidence and more enjoyment in test taking. However,
the database is still comparably small. In addition, future studies could use further
established instruments to get a more nuanced overview of the effects of pictures on
test-anxiety and other important achievement emotions (Pekrun et al., 2011). Future
research may focus also on specific questions, such as the relationship between the
certainty of responses and the actual performance and whether problems such as
overconfidence can occur, as is also described in multimedia learning (Bjork et al.,
2013). Moreover, in multimedia learning, there are attempts to clarify the relationship
between performance and affective-motivational variables (e.g., Moreno & Mayer,
2007). Such efforts would also be important for future research in multimedia testing.

Multimedia Effects of Informational Pictures While we have drawn relatively
straightforward conclusions regarding the effects of decorative, representational
and organizational pictures on performance, this is not possible for informational
pictures, given the present database. Remarkably, informational pictures constitute
the only category for which significant performance-reducing effects were reported.
The definition of informational pictures is comparatively broad and fosters this het-
erogeneity. For example, informational pictures can be used in the task stem (e.g.,
Hoogland et al., 2018a) as well as in the response options (e.g., Sal} et al., 2012),
which presumably places different demands on cognitive processing and could
differentially influence the use of textual information as a guide for mental model
construction (Schiiler et al., 2019). Moreover, negative effects of informational pic-
tures can be observed mainly in mathematics tasks solved by very young students
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(e.g., Berends & van Lieshout, 2009; Elia et al., 2007; Yang & Huang, 2004).
Future research should ask to what extent informational pictures are appropriate for
younger students and what role representational competence (Huinker, 2015) plays,
for example, in different age groups and across cultures (Mayer et al., 1991).

Moreover, it should be noted that the research on informational pictures inevi-
tably differs from the research on the other categories of pictures in the following
aspect: With decorative, representational and organizational pictures it is easy to add
a picture to a text-only condition. This creates two typical comparison conditions
that differ only in the presence of the picture. In most studies, such a comparison is
made between a text-only and a text-picture condition. This is different for informa-
tional pictures; by definition, they provide information that goes beyond the infor-
mation provided in the text. Thus, for informational pictures there is often a compar-
ison made between a text-only and a picture-only condition (e.g., Hoogland et al.,
2018a) or the text in the text-only condition differs from the text in the text-picture
condition (Berends & van Lieshout, 2009) because of the additional information
in the informational pictures. Another distinctive aspect of informational pictures
is that they provide information that is not already given in the text. An interest-
ing question here would be whether the participants have been aware that they need
to extract essential information from the pictures. It is possible that performance-
reducing effects observed in some studies may have been due to the participants’
lack of understanding this necessity. Whether an additional hint about the informa-
tive value of the picture has a moderating effect could be investigated experimentally
in future studies. Moreover, further studies could investigate the cognitive processes
involved in integrating text and picture information in test situations with informa-
tional pictures. Studies might discover which aspects prevent successful text-picture
integration, such as time constraints during the test situation or a lack of awareness
of the picture’s informational content. Such findings could be a key to better under-
stand the divergent results of studies with informational pictures.

Furthermore, there is a somewhat separate research tradition dealing with clas-
sical graphs (Pinker, 1990), such as bar graphs or pie charts which are frequently
included into test items and problem-solving tasks (Strobel et al., 2018) and may
often be classified as informational pictures. Future work may also reflect more on
the relation of classical graphs and informational pictures to further expand our
understanding of the effects of visual representations in test items.

Moderators Beyond the Picture Function Another contribution of this review is that
it provides a first systematic overview of potential moderator variables that have
been studied in the context of multimedia testing. This proved to be very difficult
due to the sparse empirical data available. Moreover, it should be noted that the
systematic identification of potential moderator variables is not without difficulties.
While variables that have been explicitly varied are easy to identify in articles (e.g.,
Lindner et al., 2022; Solano-Flores et al., 2014), this is not always the case when
variables have been analyzed as covariates or predictors (e.g., Cooper et al., 2018).
Nonetheless, we would like to make some further suggestions on which moderator
variables future studies could focus on.
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Some studies identified for our review indicate that picture effects can be especially
expected for more complex items. However, more research with larger sample sizes is
needed. Future studies should more explicitly and transparently vary the complexity
of items. Ideally, the variation in item difficulty is combined with a variation in pic-
ture function, as a stronger effect was only observed for representational and informa-
tional but not for decorative pictures in one study (Wang et al., 2022). Recent research
should be considered to adequately define and measure item and task complexity, for
example, building on the concept of element interactivity (e.g., Chen et al., 2023).

The integration format of text and pictures in test items is another interesting
variable for practical test design. It can be related to the spatial contiguity principle
of multimedia learning, which suggests that learners understand and retain infor-
mation more effectively when related text and pictures are presented in close prox-
imity. For multimedia testing, however, the body of research regarding this factor is
very thin. It would be especially interesting to investigate informational pictures in
this regard. Informational pictures provide relevant information that is complemen-
tary to the information in the text. It is possible that a complementary picture could
be better perceived and processed by test takers when a text and the picture are dis-
played in a spatially non-integrated format, which was found in one particular study
(Jarodzka et al., 2015). However, experimental studies that systematically vary both
the picture function and the integration format are needed to replicate and further
investigate this unexpected relation and consider alternative effects pattern.

One of the most interesting moderating factors at the student level is test tak-
ers’ prior knowledge and general cognitive abilities, which may also be connected to
student age. Only few primary studies included such analyses, and they also report
somewhat conflicting results. Heterogeneity in the operationalization of student
skills further adds to this complexity. Some studies have focused on domain-specific
skills (e.g., Berends & van Lieshout, 2009; Cooper et al., 2018), others used a more
general measure, such as the school track attended (e.g., Ehrhart & Lindner, 2023;
Lindner et al., 2022). Overall, specific attention should be paid in the future to inves-
tigate test-taker characteristics in multimedia testing as potential moderating factors.

Proposal of a Hierarchical Picture Taxonomy for Multimedia Testing

Based on the included studies, we could show that the proposed terminology for
picture classification (Elia & Philippou, 2004; Elia et al., 2007; Hu et al., 2021;
Lindner, 2021) is not used very consistently in the literature. In particular, the term
“informational” is rarely used, which may be due to the fact that the term does not
exist in multimedia learning. The infrequent use of the term “informational” in pri-
mary studies may also be due to its lack of intuitiveness. To describe the picture
function more intuitively, we would like to propose using the term informative
picture instead. This term is more in line with the characteristic role of providing
essential information and informing the test taker.

Following Elia and Philippou (2004) and their initial definition of organizational
pictures (i.e., that they provide clues that support the solution procedure), it is difficult
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to distinguish organizational from representational pictures in the existing primary
studies. An extension of the definition was suggested by Lindner (2021), namely to
refer to organizational when the picture focuses on providing (abstract or schematic)
visuo-spatial information that supports the solution process. However, the differ-
ence between organizational and representational pictures in existing studies remains
highly related to the nature of the task. Even more, organizational pictures also fulfil
the functional conditions for representational pictures, namely that they double-code
information from the text. Therefore, we propose that organizational pictures should
be considered a specific subcategory of representational pictures in future research,
especially considering that organizational pictures have rarely been studied and have
hardly been referred to as such in primary studies (see Table 1).

Taken together as displayed in Fig. 6, we propose that three categories (decorative,
representational and informative), which are fundamentally different from each other,
could be sufficient for a functional picture description in multimedia testing which
would simplify further communication in the field. Accordingly, pictures that do not
provide the reader with any information relevant to the solution of the task, should be
classified as decorative pictures (DPs). Contextual decorative pictures may still have a
relation to the content of the item text, but only in the sense that they visualize an ele-
ment or scene from the general context. In contrast, pictures that depict solution-rele-
vant information from the task text should be referred to as representational pictures
(RPs). As an important distinguishing aspect, tasks with a representational picture can
be solved even if a test taker does not process the picture, because all important infor-
mation can be found in the text as well. This does not apply to informative pictures
(IPs) that can be identified by evaluating if the solution of an item is possible without
taking the picture information into account. If not, it is a clear indicator for an informa-
tive picture that represents solution-relevant, complementary information to the text.

Still, focusing solely on the functional aspect of a picture can dismiss other
distinguishing characteristics. Thus, we would like to suggest an extended, step-
wise, hierarchical taxonomy to allow for a better classification of potential mod-
erating factors of pictures in multimedia testing (see Fig. 6). As a first layer,
the picture function should be coded as described above (decorative, represen-
tational or informative). The functional differentiation of images is best suited
as a first layer because—unlike other characteristics—it provides clearly sepa-
rable and disjoint categories. However, subcategories may be useful to further
differentiate picture functions. As mentioned earlier, representational pictures
that have a primary focus on spatial information could be described as organi-
zational. Decorative pictures could be distinguished into pictures that match the
item context and pictures that are completely unrelated to the task context.

As a second layer, multiple other picture characteristics may be coded.
Aspects to describe a picture could be, for example, the level of picture abstract-
ness (e.g., iconic, schematic), the picture complexity (e.g., low, moderate, high),
the picture type (e.g., photorealistic, comic), the colorfulness (e.g., colorful,
black-white, grey), the dynamism (e.g., static, animated) or the level of interac-
tion (e.g., interactive, non-interactive).

Our hierarchical approach has the potential to foster a more nuanced con-
sideration of multimedia effects in testing in the future. In the context of our
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’ < ¥ Picture |¢ >
. Level 1:
Decorative Representational Informative - Picture Function
Contextual Organizational
Abstractness (e.g. iconic, schematic)
Picture Complexity (e.g. low, moderate, high)
Picture Type (e.g. comic, photorealistic)
Level 2:

Colorfulness (e.g. colorful, black-white, grey) > Picture Characteristics

Dynamism (e.g. static, animated)

Interaction (e.g. interactive, non-interactive)

Fig. 6 Proposal of a Hierarchical Taxonomy for a Descriptive Classification of Picture Types in Multi-
media Testing. Note. In our present work, we have so far referred to the term informational pictures as
compared to informative pictures in this taxonomy model. The proposal of renaming this picture type is
part of our endeavour to enhance and simplify the taxonomy for picture classification in multimedia test-
ing

current review, however, it would not add information depth, as the primary
studies and theoretical papers have not reported such additional aspects in most
cases. Nevertheless, the second layer categories will require further careful defi-
nitions that go beyond the scope of this review. For example, at what point is an
image considered abstract or image complexity classified as low, medium, or
high? Addressing this type of open questions and extending the report of picture
characteristics (and participant characteristics) in future primary studies would
be an important aspect to further advance the field.

Limitations and Conclusion

This review is subject to some limitations that are important to note. We deliberately
chose very broad inclusion criteria to evaluate as many potentially relevant studies
as possible from the still young and small research field. Accordingly, the methodo-
logical qualities and the design of the individual studies are very heterogeneous and
not in the focus of the present work. Therefore, an appropriate calculation of effect
sizes that would be comparable across research studies is not possible without losing
an extensive number of studies. We are aware that relying on vote counting can lead
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to misinterpretation of the data (Borenstein et al., 2021). However, for this first sys-
tematic narrative review, which was intended to provide a comprehensive overview
of the entire field, it seemed to be a valuable approach. We are currently working on
a complementary meta-analysis to provide quantitative support for the findings of
this systematic narrative review.

Nevertheless, the present review is an important contribution to the research on
multimedia testing. On the one hand, it sets important impulses for the delineation
and standardization of the research field. On the other hand, it may support educa-
tors and test designers contemplating the use of pictures in their materials.
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