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Modern texts, both print and electronic formats, have 
become increasingly multimodal and complex (Coleman & 
Dantzler, 2010; Maeda, 2006). Yet the literacy field contin-
ues to overemphasize the verbal (relative to visual) aspects 
of texts—a phenomenon documented by Winn 30 years 
ago as verbal bias (Winn, 1987). He argued that an unfor-
tunate by-product of this bias is that students underdevelop 
the mental structures endemic to visual processing. 
Furthermore, verbal bias relegates graphical representa-
tions to a distant secondary role in the process of learning 
from texts (Schnotz et al., 1993). Particularly with modern 
texts, such an approach can limit readers’ comprehension. 
Looking to the future, when acknowledging current trends 
in communication, various modes of representation may 
soon replace language as a core unit of communication 
(e.g., emojis are already supplanting words in text mes-
sages); thus, we need a better understanding about how 
people learn from graphics (Kress, 2003).

Despite increased use of visuals for communication, 
our knowledge base for visual text comprehension is 

nascent and disorganized compared with verbal text com-
prehension. Research on the effect of graphics on reading 
comprehension contains problematic discrepancies. 
While readers generally benefit from having both verbal 
and visual sources of information, research demonstrates 
certain situations where graphics have no, or even nega-
tive effects, on learners’ comprehension (Ardasheva et al., 
2018; Hayes & Reinking, 1991; McTigue, 2009). 
Furthermore, the diversity of outcome measures quantify-
ing learning from graphics adds extra challenge for com-
paring findings. For example, Levie and Lentz’s (1982) 
review included five unique forms, Peeck’s (1987) review 
added delayed recall, while Mayer and Gallini’s (1990) 
work focused on application. Additionally, such reviews 
are dated, which is particularly problematic in a field that 
has changed rapidly in recent years. Therefore, the pur-
pose of this work is to quantify and describe the impact of 
instructional graphics on learners’ reading comprehen-
sion to better understand under what conditions graphics 
facilitate comprehension.
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Why Do We Need a Review of Graphics’ Contribution to 
Reading Comprehension?

Before proceeding further, it is necessary to define our 
outcome measure—reading comprehension. Extending the 
definition from the RAND Reading Study Group (2002), 
we conceptualized reading comprehension as the process of 
simultaneously extracting and constructing meaning through 
interaction with both verbal and visual texts. We assume 
active and intentional thinking are involved in the interac-
tions between the text and reader (Durkin, 1978). Although 
we recognize that texts can include animation, within this 
review, we only considered static visuals embedded within 
connected print, either traditional or electronic. Thus, we 
excluded computer simulations, narrated visuals, and visuals 
with only verbal labels. Our interest is pragmatic because 
readers most commonly encounter these texts in school.

Although graphics possess the potential to facilitate read-
ers’ comprehension (e.g., Carney & Levin, 2002; Hannus & 
Hyönä, 1999), and graphical comprehension skills represent 
a unique contribution to overall comprehension (Roberts 
et al., 2015), they also add to text complexity (Renkl & 
Scheiter, 2017). As such, readers experience a cost-benefit 
interaction with graphics. The cost of graphics can be par-
ticularly high for novice readers with developing decoding 
skills and thereby limited cognitive capacities for other tasks 
(i.e., competitive processing), whereas when decoding is 
automatic, the verbal and visual comprehension processes 
work collaboratively (Kirby, 1993).

Supporting this hypothesis, Reid and Beveridge (1990) 
and Hannus and Hyönä (1999) found that graphics bene-
fited higher ability children but diminished learning in 
lower ability children. However, other researchers found 
that graphics had limited or no effects on reading compre-
hension (e.g., Brookshire et al., 2002; Schnotz & Bannert, 
2003). Adding to the intricacy, other inquiries compared the 
impact of graphical displays on students’ learning but offered 
no control condition (e.g., Schrader & Rapp, 2016) so any 
cost-benefit calculations cannot be determined. Thus, it is 
challenging to compare results between studies due to dis-
parate definitions of learners’ abilities and outcome mea-
sures. To determine both what is known, and what is not yet 
known, the literacy field needs greater efforts to synthesize 
findings.

Previous Reviews Connecting Graphics and Reading 
Comprehension

Below, we summarize those few reviews that have con-
sidered the relationship between graphics and reading com-
prehension, highlighting that the impact of visual on 
students’ reading comprehension remain unclear. Most rele-
vant, Readence and Moore (1981) reviewed 16 studies con-
sidering the effects of graphics on reading comprehension. 
Findings revealed a small positive effect of adjunct pictures 

on reading comprehension, with more robust results for uni-
versity readers over K–12 students. However, their research 
only examined line drawings, shaded drawings, and (often 
black and white) photographs, which do not represent the 
complex and colorful graphics students now encounter, such 
as diagrams, flow diagrams, and maps (Fingeret, 2012; Guo 
et al., 2018).

Carney and Levin’s (2002) quantitative review examined 
empirical studies published between 1990 and 2002 explor-
ing “why” and “when” graphics are effective. Findings indi-
cate that illustrations with specific functions improved 
students’ learning. However, these researchers only analyzed 
graphical functions without considering interactions with 
learner variables.

This exclusion of participant variables is problematic 
because, as indicated by Kirby (1993) and reinforced by 
Vekiri’s (2002) systematic review, learner characteristics 
affect the benefit of graphics. Vekiri concluded that graphics 
are effective only when they allow readers to interpret and 
integrate information with minimum cognitive processing. 
Furthermore, when designing graphics, one must simultane-
ously consider the nature of the task, characteristics of the 
intended readers, and the type of information conveyed. 
Notably, Vekiri’s principles for graphics overlap with both 
Ainsworth’s (2006) conceptual framework of learning from 
multiple representations and Kirby’s (1993) framework for 
multimedia learning, but with key differences: Ainsworth 
elevated the role of representation, proposing that design 
parameters are endemic to particular representations and 
functions. Kirby focused on the nature of information and 
individual differences but also attended to issues of interfer-
ence and learners’ attention. When overlaying these three 
frameworks, it becomes self-evident that research in this 
realm must consider nuanced questions such as “Under 
which conditions do graphics support learning?”

Answering this call, Renkl and Scheiter (2017) aimed to 
identify learners’ prominent challenges when reading graph-
ics. Findings demonstrated that students’ information pro-
cessing skills affected their learning from graphics. For 
instance, learners often have underdeveloped strategies for 
deriving information from graphics and can struggle to inte-
grate visual and textual information. To optimize learning, 
Renkl and Scheiter suggested support procedures, including 
material design, learning-centered interventions, and pre-
training interventions. However, before this line can be fully 
inquired, we still need to more clearly consider questions 
such as “What type of visuals should be taught?” and “Who 
should we instruct?”

In summary, these reviews indicate that learners tend to 
derive a small, but positive, effect from graphics. When 
graphics help organize, interpret, or transform textual infor-
mation, they may offer the greatest benefits. However, 
effects of graphics on learning are mediated by learners’ 
skills and the task, although there is less agreement regard-
ing the specific predictions for these mediations. Therefore, 



The Effect of Graphics on Reading Comprehension

3

the purpose of the present meta-analysis is to quantify the 
impact of graphics specifically on reading comprehension. 
As literacy researchers, we considered visual literacy within 
reading comprehension, separating this analysis from previ-
ous work (e.g., Renkl & Scheiter, 2017; Vekiri, 2002) in 
which researchers conceptualized learning more globally. 
Furthermore, due to the nature of narrative analyses, Renkl 
and Scheiter (2017) did not quantify the impact of graphics. 
Our work allows us to complement their narrative findings 
via effect sizes. Finally, in line with guidelines by Kirby 
(1993), Vekiri (2002), and Ainsworth (2006), we sought to 
consider specific interactions between learners and graphic 
types through our moderator analysis.

Supporting Theories and Literature

First, we define graphics and outline theories that help 
account for the effects of graphics and underlie our research 
questions. Then, we examine the variables that may attenu-
ate the effectiveness of graphics for comprehension.

Describing and Categorizing Graphics

Despite their importance in text comprehension, literacy 
researchers lack consistent definitions for graphics (Slough 
et al., 2010). Based on existing literature, we define graphics 
as both polysemic and monosemic representations, includ-
ing diagrams, maps, graphs, tables, photographs, and images. 
Transitioning to specific graphical types, Vekiri (2002) clas-
sified graphics based on presentation (i.e., diagrams, maps, 
and network charts), whereas Hegarty et al. (1996) catego-
rized graphics based on their functions (i.e., iconic diagrams, 
charts, and graphs). In an iterative process of synthesizing 
previous works while coding studies (e.g., Hegarty et al., 
1996; Roberts et al., 2013; Vekiri, 2002), we categorized 
graphic display into four types: pictures, pictorial diagrams, 
flow diagrams, and mixed graphics (if the study used more 
than one type of graphic).

Theoretical Foundations for Use of Graphics in Text

We approached this work from a cognitivist viewpoint, 
relying on two related, but distinct, theoretical stances.

Dual Coding Theory. Dual coding theory (DCT; Paivio, 
1971) has frequently been used to justify including graphics 
with text (e.g., Hannus & Hyönä, 1999; Vekiri, 2002). When 
learners encode information in both verbal and visual forms, 
they can more easily retrieve knowledge from their long-term 
memory, facilitating robust mental models. Applied to reading 
comprehension (Sadoski & Paivio, 1994), DCT predicts that, 
when approaching abstract texts, readers have relatively few 
mental images to support the language and cannot capitalize 
on nonverbal cognition. As such, abstract texts require more 
mental energy. Adding concreteness (e.g., graphics) enriches 

mental representations by adding specificity. Additionally, 
graphics can prompt learners to store information in two 
forms (i.e., visual and verbal), which reduces cognitive over-
load and aids memory by having two pathways to the same 
information. For example, a science text may present how 
water is composed of hydrogen and oxygen via a verbal 
description and a diagram. When later quizzed, a reader may 
forget the wording but be able to visualize the diagram, and 
thereby recall essential content.

Regarding learner variables, DCT has been assessed 
with both young and adult learners (Sadoski & Paivio, 
2013) with both groups appearing to benefit similarly 
from concreteness and struggle with abstractness. 
Regarding the design of graphical representations, because 
DCT posits that mental imagery assists in comprehension, 
more realistic graphics (e.g., photographs) may better pro-
mote comprehension.

Cognitive Theory of Multimedia Learning. Cognitive the-
ory of multimedia learning (CTML; Mayer, 2001), grounded 
in DCT, predicts learning in multimodal environments and 
informs principles of multimedia design (Mayer, 2009). 
According to CTML, three essential processes contribute to 
the successful comprehension. In the first process, selection, 
learners extract relevant information from verbal text and 
graphics. Then, learners organize relevant information for 
comprehension. Last, learners integrate these two models. It 
is important to note that Renkl and Scheiter (2017) identified 
that many learners had difficulty with these exact cognitive 
processes, therefore learning from graphics can be diverted 
at many points.

Moreover, CTML predicts that graphics promote higher 
level learning. For example, Mayer et al. (1984) found posi-
tive effects of diagrams for comprehension of texts describ-
ing systems (e.g., mechanical and biological). However, the 
presence of diagrams actually had negative effects on sub-
jects’ verbatim text recall. The authors hypothesized that 
readers use diagrams to create a mental model of the con-
cept, but during the phase of integration readers maintained 
only the key ideas.

In reference to diagram design, CTML emphasizes the 
coherence principle (Mayer, 2009) in which extraneous 
information is removed, thus focusing learners’ attention on 
the essential information. This work promotes designs such 
as flow charts, which focus on the essential components of a 
system and the relations within. In contrast, detailed and 
realistic portrayals (e.g., photographs) contain extraneous 
information that may distract learners.

Regarding individual learner differences, CTML has 
been tested almost exclusively with college students (e.g., 
Mayer, 1989; Mayer & Gallini, 1990), who represent highly 
skilled readers. Attempts to translate Mayer’s principles to 
younger readers has been less successful (McTigue, 2009; 
Schrader & Rapp, 2016). Such findings bring to question if 
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skill and developmental age may interact with theoretical 
predictions.

Factors That May Affect the Effectiveness of Graphics

Learners’ comprehension of graphics is affected by 
multiple, interrelated factors, which we worked to capture 
through moderators. Therefore, we present empirical find-
ings related to characteristics of learners, graphic type, 
assessment format, and text genre. While not exhaustive, 
including these variables in our analysis provides an ave-
nue to parse out why graphical research produces variable 
results.

Characteristics of Learners. Readers interact with graph-
ics differently depending on age and developmental level. 
For instance, younger readers consider components in iso-
lation rather than processing the graphic holistically (Ger-
ber et al., 1995). They tend to fixate on isolated components 
of graphics, complicating their efforts to extract discrete 
pieces of information. Additionally, they may be unaware 
of graphical conventions, such as the meanings of arrows 
(McTigue & Flowers, 2011), only partially understand the 
information graphics convey (e.g., Roberts & Brugar, 
2017), or may not perceive the intended message (Styli-
anidou, 2002). Researchers who attempted to apply multi-
media design principles to adolescents showed only 
modest improvement from the addition of diagrams 
(McTigue, 2009; Schrader & Rapp, 2016). Even when pre-
sented with high-quality graphics, readers who are unable 
to employ appropriate strategies will struggle to distin-
guish important graphical information (Duke et al., 2013). 
Therefore, cost versus benefit of graphics for young learn-
ers is still unclear.

Graphic Type. As described previously, specific design 
principles can enhance the utility of a graphic. For instance, 
Mayer and Gallini (1990) examined three variations of the 
same diagram, aiming to determine the most effective fea-
tures for promoting college students’ learning. Results indi-
cated that only the most detailed diagram (which depicted 
both the parts and steps of a system) consistently improved 
performance on conceptual information and problem solv-
ing. Yet findings regarding the effect of even very similar 
graphics can be discrepant. For example, selected studies 
found that adding pictures benefited students’ reading com-
prehension (Ehlers-Zavala, 1999; Jalilehvand, 2012), while 
others did not (Eng & Chandrasekaran, 2014; Liu et al., 
2009). Limited work has compared different forms of visual 
representations (e.g., photograph vs. diagram) across multi-
ple learning tasks. One exception is McCrudden, McCor-
mick, et al. (2011) who compared three different study 
conditions (i.e., lists, spatial diagrams, and pictorial dia-
grams). While both visual conditions supported learning 

better than the list, neither visual condition outperformed the 
other.

Assessment Format. In a previous meta-analytic study, 
Levie and Lentz (1982) examined the extent to which out-
come measures moderated the impacts of visual graphics on 
learning. They classified learning measures into four catego-
ries: drawing (similar to recall test, students recall the main 
points by writing/drawing); identification (similar to true/
false comprehension tests, students verify statements); ter-
minology (which access understanding of terms and facts); 
and multiple-choice questions (which access understanding 
of procedures). Interestingly, this work demonstrated that 
graphics most benefited recall tasks. However, findings 
from selected studies supporting CTML (e.g., Mayer, 1989; 
Mayer & Gallini, 1990) are inconsistent with this finding, 
demonstrating that graphics better support conceptual rather 
than verbatim comprehension. Therefore, it is necessary to 
consider assessment as a moderator.

Text Genre. Due to visuals’ unique roles in narrative and 
expository texts, we also consider the impact of genre on com-
prehension. It is often argued that narrative structures (com-
pared with expository) are easier to understand—deemed the 
psychological privilege of the narrative (Willingham, 2004). 
Therefore, potentially, a narrative multimodal text may require 
less effort to comprehend than a similarly complex expository 
text. Informational texts typically contain fewer familiar 
structures, requiring students to apply disciplinary literacy 
strategies (Duke, 2000; Shanahan & Shanahan, 2008). Fur-
thermore, the graphics in informational texts tend to be far 
more prominent, integrated, and complex than those within 
narrative storybooks (Smolkin & Donovan, 2005).

Moreover, according to DCT, in either genre, the addition 
of graphics should facilitate students’ comprehension by 
adding concreteness. However, a graphically dense text may 
also create challenges, as readers need to select a pathway 
for extracting and integrating information from visuals with 
that from text (Duke et al., 2013; McTigue & Flowers, 2011). 
In summary, the interaction between genre and graphics 
remains undefined.

Research Questions

We began this study with two questions and derived our 
hypotheses directly from our theoretical and empirical 
review:

Research Question 1: To what extent do graphic displays 
have a positive effect on students’ reading comprehen-
sion?

Based on empirical and theoretical findings, we hypoth-
esized that overall, graphics have a modest positive effect on 
readers’ comprehension.
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Research Question 2: To what extent are graphics’ effects 
moderated by (a) grade level, (b) graphic type, (c) 
assessment format, and (d) text genre?

We first predicted that adult readers differentially benefit 
from graphics due to issues of young readers’ cognitive 
overload. Second, we predicted that, based on CTML (e.g., 
Mayer & Gallini, 1990), simple graphics that provided 
greater focus on a system (the gestalt) would be most benefi-
cial (e.g., flow diagrams). Next, based on CTML and Levie 
and Lentz’s (1982) work, we predicted that graphics would 
better facilitate comprehension with production tasks/open-
ended assessments compared with close-ended assessments. 
Finally, due to the often abstract nature of informational 
texts, we predicted that graphics differentially benefit infor-
mational text readers.

Method

The studies included in this meta-analysis measure the 
impact of graphics on reading comprehension, yet focused on 
diverse populations and highlighted dissimilar pedagogies.

Database Search and Inclusion Criteria

We set the search parameters to include peer-reviewed 
articles and dissertations, published from January 1, 1985, to 
December 1, 2018, in the following databases: ERIC, 
Education Resource, PsycINFO, and ProQuest Dissertations 
& Theses Global. This period allowed us to overlap with 
both Renkl and Scheiter (2017) and Carney and Levin’s 
(2002) reviews. All articles included at least one keyword 
(i.e., “graphic,” “picture,” “diagram,” “illustration,” “table,” 
or “chart”) in the text, along with “reading” or “comprehen-
sion.” This search yielded 9,724 articles. By screening the 
titles, we eliminated duplicates and irrelevant articles. 
Following this screening, 168 articles remained for abstract-
level screening.

For the abstract-level screening, we searched for infor-
mation that would support the study’s inclusion in our 
meta-analysis. We used the following criteria: (a) study 
included an experimental or quasi-experimental design; 
(b) study reported the results of a graphics comprehension 
experiment, which we defined as a study in which one 
group read a “text plus accompanying graphics” or “graph-
ics” and a control group read the same information in 
“text-only” format; (c) researchers directly measured 
reading comprehension as a dependent variable; (d) par-
ticipants completed tasks independently without instruc-
tion; (e) study reported sufficient quantitative information 
that allows us to calculate effect size. This step yielded 65 
articles for inclusion.

Then, we conducted the full text screening using the same 
criteria. Through these procedures, 34 articles met our inclu-
sion criteria.

Ancestral Search Procedure

We also conducted an ancestral search examining the 
34 included articles’ reference lists and consulted multiple 
visual literacy researchers and asked them to provide a list 
of seminal articles on visual literacy for additional exami-
nation. These steps added two articles to the corpus. In 
total, we began the analysis with 36 articles (see Figure 1).

Seven articles (Coleman et al., 2018; Dwyer et al, 2010; 
Ehlers-Zavala, 1999; Mayer & Gallini, 1990; McCrudden 
et al., 2007; McCrudden et al., 2009; Reid & Beveridge, 
1986) included more than one study meeting our inclusion 
criteria. Before calculating effect sizes, we examined issues 
of sample dependence. We determined that two studies in 
Coleman et al. (2018), two studies in McCrudden et al. 
(2009), and two studies in Reid and Beveridge (1986) used 
independent samples (e.g., from different schools). We there-
fore retained samples from both studies in these three articles. 
The samples in the remaining three articles were overlapping, 
so we combined the studies. This process resulted in 36 arti-
cles (39 studies) included for effect size calculation.

Coding Procedures

The first and second authors coded study features includ-
ing sample size, participant grade level, graphic type, assess-
ment format, text genre, independent and dependent 
variables, and statistical information (e.g., standardized 
mean, standardized deviation). Table 1 presents qualitative 
descriptions of each study. The interrater reliability coeffi-
cient was estimated through the weighted Cohen’s Kappa 
statistic at 97%.

Model Selection

According to Borenstein et al. (2009), a random effect 
model should be selected when researchers anticipate the 
true effect size is not identical across studies. With different 
study designs, populations, and assessment formats, we 
hypothesized that the true effect size would vary across the 
39 studies. Thus, we selected the random effect model. 
Moreover, compared with fixed effect models, a random 
effect model presumes that studies’ standardized mean dif-
ferences represent true variation, not simply sampling error 
(Lipsey & Wilson, 2001).

Effect Size Calculation

We calculated standardized mean differences as Hedges’s 
g (Hedges, 1984). We selected alternative ways to calculate 
Hedges’s g for studies that did not report mean or standard 
deviation, such as transformation from Cohen’s d, t-test sta-
tistics, and F-test statistics (Lipsey & Wilson, 2001). For 
studies that reported multiple measures or conducted multi-
ple experiments, we calculated a weighted average Hedges’s 
g with the mean standard error based on a number of 
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FIGURE 1. Article retrieval and identification process.

measures. Specifically, we first input the different means, 
standard deviations, and sample sizes into a spreadsheet. 
Then, we calculated each Hedges’s g, and the associated 
weight, and divided the sum of weighted Hedges’s g by the 
sum of weights (i.e., ∑w

i
g

i
/∑w

i
) to produce a weighted 

average Hedges’s g for that study. We calculated the mean 
standard error of a study by using 1 to divide by the square 
root of the weight of the study’s mean Hedges’s g. Through 
these procedures, we ensured the independency of our sam-
ples. Then we recorded all 39 Hedges’s g, standard errors, 
and the mean Hedges’s g, using the R package “Metafor” 
(Viechtbauer, 2010). All subsequent calculations were con-
ducted in R (Version 3.5.1). A confidence interval (CI) of 
95% was selected to determine if a result was statistically 
significant and applied this criterion to all calculations.

Heterogeneity

To assess heterogeneity, we calculated Q, τ2, and I2 statis-
tics to estimate the variation among studies. The τ2 estimates 
the between study variance and I2 estimates the ratio of that 
variance to total variance (Borenstein et al., 2009; Schwarzer 
et al., 2015). We estimated the τ2 using the restricted maxi-
mum likelihood method. Cornell et al. (2014) suggest this 
method over the DerSimonian Laird method because the lat-
ter may produce biased results. The Q statistic and the asso-
ciated p value were supplied to test the significance of τ2.

Publication Bias

We used four methods to estimate the sensitivity of our 
results to publication bias: Funnel plot, Egger’s test of pub-
lication bias (Egger et al., 1997), Duval and Tweedie’s 
(2000) Trim and Fill analysis, and cumulative forest plot 
(Borenstein et al., 2009). Meta-analyses assume that effect 
sizes are symmetrical to the mean, and results may be biased 
if the funnel plot depicts an asymmetrical distribution. We 
applied an Egger’s linear regression test to examine the 
assumption of “asymmetry.” The Trim and Fill procedure 
examines the funnel plot, “trims” the outlying studies on one 
side, “fills” them to the other to make the distribution sym-
metrical, and reestimates Hedges’s g (Schwarzer et al., 
2015). If the adjusted Hedges’s g dropped below zero, our 
results may be sensitive to potential publication bias. Finally, 
a cumulative forest plot can detect the impact of studies with 
small sample sizes. We first sorted the studies by variance, in 
ascending order, and inspected the effect sizes for fluctua-
tion with small sample studies (Borenstein et al., 2009).

Moderator Effect

Moderator Operationalization. We first dummy-coded the 
moderators (i.e., grade level, graphic type, assessment for-
mat, and text genre) and performed subgroup analysis within 
each group. Then, we input dummy codes into the model 
simultaneously to control for confounding effects.
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Characteristics of learners. We initially aimed to test 
participants’ reading skill and age. However, fewer than half 
of the studies reported participants’ reading skill (n = 18) or 
biological age (n = 18). Due to the small sample size, using 
these variables as moderators could lead to biased results. 
In contrast, the majority of studies reported grade level, or 
we could infer grade level from participants’ age (e.g., Pike 
et al., 2010). Therefore, we conducted a moderator analysis 
on grade level. We coded the studies into three groups: ele-
mentary (Grades 1–6), secondary (Grades 7–12), and adults 
(college and above). We recognize that grade level encom-
passes both developmental level and experience in school.

Graphic type. We based our categorization of graphic 
types on Hegarty et al.’s (1996) distinctions, and aligned our 
terminology with that of Guo et al. (2018), who provide con-
crete definitions of diagrams frequently used in instructional 
materials. We defined pictures as realistic illustrations that 
provided concreteness, engagement, or relevance to a text 
(see Figure 2 for examples). We also identified two types 
of diagrams: (a) flow diagrams referred to organizational 
charts used to explain structures or procedures (e.g., a chart 
with arrows depicting the pathway of blood through various 
structures) and (b) pictorial diagrams referred to pictorial 
representations with explanatory annotations (e.g., a draw-
ing of a heart with labels showing specific components). 
Last, mixed type referred to studies that used more than one 
type of graphics (e.g., picture and pictorial diagram).

Assessment format. We organized the assessment format 
into five categories: (a) true or false (t/f); (b) multiple-choice 
(three or more alternatives); (c) short-answer (oral or writ-
ten assessment, graded by trained raters); (d) mixed (more 
than one type of assessment); and (e) others (e.g., cloze test). 
We originally intended to code outcome measures by type 
of learning (e.g., recall or application), however, authors did 
not consistently include such information or sample ques-
tions in their studies, rendering our original coding system 
unfeasible. Thus, we focused on the assessment format.

Text genre. We classified texts as narrative or informa-
tional. According to Pappas (1991), the main purpose of a 
narrative text is to tell a story and such text tends to follow 
a sequential text structure. Extending this definition, Ohlson 
et al. (2015) defined narratives as typically fictional, writ-
ten for the purpose of entertainment, and following a story 
grammar. In contrast, we defined informational text as one 
that conveys information about a phenomenon, event, situa-
tion, or procedure with the main purpose of informing read-
ers (Duke, 2000; Fox, 2009). Informational text structures 
include description, cause and effect, sequence, problem/
solution, and argumentation (Duke, 2000). The majority of 
the informational texts in these studies followed a descrip-
tive structure, although one study (Dwyer et al., 2010) used 
an argumentative text.

Moderator Analysis. For the moderator analysis, we adopted 
the function rma.uni in the R “Metafor” package, using a 
random effect model and the restricted maximum likelihood 
method to evaluate between-group difference and the joint 
effects of various moderators. Each moderator (i.e., grade 
level, graphic type, assessment format, and text genre) had a 
reference group: (a) grade level (elementary, secondary, and 
adults [reference group]); (b) graphic type (picture [refer-
ence group], pictorial diagram, flow diagram, and mixed); 
(c) assessment format (t/f [reference group], multiple-choice, 
short answer, mixed type, and other types); (d) text genre 
(narrative text [reference group], informational text, and 
mixed type).

First, we conducted subgroup analyses to calculate the 
effect sizes. We then performed a meta-regression to 
examine the relationship of each moderator with reading 
comprehension effect sizes after controlling for other 
moderators. This model can also be referred as a mixed 
effect model because we have both random-effect terms 
(i.e., the τ2 estimated from the 39 studies), and fixed effect 
terms (i.e., the standardized coefficients of each modera-
tor, or β). To check for possible multicollinearity, we used 
the R package “car” (Fox et al., 2017) to estimate the 

FIGURE 2. Examples of graphic type (cited from https://openclipart.org/detail/22749/girl-jumping; https://openclipart.org/detail/4975/
elimination-de-la-pollution; https://openclipart.org/detail/2311/children-reading).

https://openclipart.org/detail/22749/girl-jumping
https://openclipart.org/detail/4975/elimination-de-la-pollution
https://openclipart.org/detail/4975/elimination-de-la-pollution
https://openclipart.org/detail/2311/children-reading
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variance inflation factor statistic, and the independence of 
residuals (to test whether the residual correlation is statis-
tically significant). Fox (1991) suggests that if the square 
root of the variance inflation factor for a moderator 
exceeds 2, the model estimation is imprecise, and that 
moderator should be dropped.

Results

There were 2,103 participants in the 39 included studies, 
with sample sizes of 1,053 in the experimental group and 
1,050 in the control group.

Effect Size Calculation

Hedges’s g ranged from −0.23 to 1.24 for each individual 
study (see Table 2). A random effect model yielded an aver-
age Hedges’s g of 0.39 (SE = 0.06, z = 6.63, p < .001, 95% 
CI [0.26, 0.51]). This indicates that under a random effect 
model, incorporating graphics with text has a moderate, pos-
itive effect on students’ reading comprehension (Cohen, 
1992).

Heterogeneity

The τ2 was 0.07 (95% CI [0.02, 0.17]), and the I2 was 
45.91% (95% CI [17.63%, 68.62%]), suggesting the exis-
tence of true variance that may be explained by study-level 
covariates (Borenstein et al., 2009). The overall Q(38) was 
69.55, p = .001 (i.e., <.01), indicating the τ2 is significant at 
95% CI, which further suggested a need to conduct a mod-
erator analysis (Borenstein et al., 2009).

Publication Bias

The funnel plot showed that the studies were almost 
symmetrical to the mean effect size (see Figure 3). The 
Egger’s test of publication bias was not statistically sig-
nificant (t = 1.28, p = .21), indicating no potential threats 
due to publication bias. Duval and Tweedie’s (2000) Trim 
and Fill analysis did not provide evidence that our results 
are sensitive to potential publication bias. The decreased 
Hedges’s g (from 0.39 to 0.28) after being adjusted by 
Trim and Fill (adjusted studies = 7) was still statistically 
significant (p < .001, 95% CI [0.15, 0.42]). We also plot-
ted a cumulative forest plot (see Figure 4), showing a sta-
ble effect size even when small-sample studies were added 
into the model. Therefore, we interpreted our findings 
with confidence that they were likely not the result of pub-
lication bias.

Moderator Analysis Descriptive Results

We report the subgroup results (see Table 3) for descrip-
tive purposes only. For statistically comparing groups, we 

rely on the results of the meta-regression, because the influ-
ence of the other moderator in the model can be controlled.

Meta-Regression Analysis. When assessing multicol-
linearity, we found a high correlation between text genre 
and graphic type. Our coding revealed that graphical type 
depended on text genre (i.e., if text genre was “narrative,” 
the graphic display type were very likely to contain a pic-
ture). After eliminating text genre, the remaining modera-
tors showed no multicollinearity issues (R function 
sqrt(vif) > 2 is “FALSE” on all moderators; Durbin-Wat-
son Test of residual correlation: r = .04; p = .55). All 
remaining moderators were put into the model, consisting 
of three categorical variables. All variables were input into 
the regression model simultaneously (i.e., multiple regres-
sion), and the residual between study variance became 
very low (0.01; see Table 4). The effects of each moderator 
are described below.

Grade level. Grade level was not a significant moderator 
of reading comprehension. Compared with adults, elemen-
tary and secondary students demonstrated a lower but non-
significant effect (Grades 1–6 vs. adults: β = −0.22, p = .17, 
95% CI [−0.53, 0.09]; Grades 7–12 vs. adults: β = 0.01, p = 
.95, 95% CI [−0.37, 0.40]).

Graphic type. Texts with pictures produced higher 
effects than texts with mixed graphics (mixed vs. picture:  
β = −0.31, p = .0388 (i.e., <.05); 95% CI [−0.59, −0.02]). 
No other comparisons were significant.

Assessment format. Compared to t/f assessments, results 
indicate that studies of short answer and mixed types had 
higher effect sizes (short answer vs. t/f: β = 0.58, p < .001, 
95% CI [0.21, 0.96]; mixed vs. t/f: β = 0.55, p < .001, 95% 
CI [0.19, 0.90]).

Discussion

In response to often-discrepant reports regarding the 
effects of graphics, as well as overall increase in graphical 
use, the first aim of this meta-analysis was to quantify the 
general effect of including graphics with text on reading 
comprehension. Our analysis revealed that, in comparison 
with reading texts alone, the inclusion of graphics had a 
medium positive effect on reading comprehension (Hedges’s 
g = 0.39). This finding supports our hypothesis and indi-
cates that overall, graphics facilitate readers’ comprehen-
sion, and their potential effect on reading comprehension 
may be larger than previously estimated (see Readence & 
Moore, 1981), which may reflect improvement in the pro-
ductive value of modern graphics.

Our second aim was to identify which moderators (i.e., 
grade level, graphic type, assessment format, and text genre) 
affected readers’ learning from graphics. Text genre was 
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TABLE 2
Effect Sizes of Included Studies

Study ES n (Experiment) n (Control) SE 95% CI

Bernard (1990) 0.43 23 24 0.30 [−0.15, 1.02]
Branch & Riordan (2000) 0.45 68 68 0.17 [0.11, 0.79]
Butcher (2006; exp. 1) 0.33 11 11 0.43 [−0.51, 1.17]
Chan et al. (2018) 0.12 17 17 0.34 [−0.56, 0.80]
Coleman et al. (2018; Classrooms A) 0.00 25 27 0.28 [−0.54, 0.54]
Coleman et al. (2018; Classrooms B) −0.08 27 27 0.27 [−0.61, 0.45]
Cook (2014) 0.43 72 72 0.17 [0.10, 0.76]
Désiron et al. (2018) −0.07 36 29 0.25 [−0.56, 0.42]
Dwyer et al. (2010) −0.06 66 66 0.17 [−0.40, 0.28]
Ehlers-Zavala (1999) 0.27 33 31 0.25 [−0.22, 0.76]
Eitel et al. (2013) 0.78 19 19 0.34 [0.12, 1.44]
Eng & Chandrasekaran (2014) −0.05 30 30 0.26 [−0.56, 0.45]
Hannus & Hyönä (1999; exp. 1) 0.22 17 17 0.34 [−0.45, 0.89]
Hayes & Reinking (1991) −0.23 34 32 0.25 [−0.71, 0.25]
Hegarty & Just (1993) 0.97 16 16 0.37 [0.24, 1.70]
Holmes (1987) 1.00 38 38 0.24 [0.52, 1.48]
Jalilehvand (2012) 0.64 38 41 0.23 [0.19, 1.10]
Jian & Wu (2015) 0.77 18 7 0.46 [−0.12, 1.67]
Knuttgen (1991) 0.43 29 31 0.26 [−0.08, 0.94]
Kühl et al. (2011) 0.73 24 24 0.30 [0.15, 1.32]
Liu et al. (2009) −0.20 14 13 0.38 [−0.94, 0.55]
Matthews (2016) 1.14 19 24 0.33 [0.49, 1.78]
Mayer (1989; exp. 1) 0.83 17 17 0.36 [0.13, 1.53]
Mayer et al. (1996; exp. 1) 1.24 14 14 0.41 [0.43, 2.05]
Mayer & Gallini (1990; exp. 1, 2, and 3) 0.86 14 14 0.40 [0.09, 1.64]
McCrudden et al. (2007; exp. 1 and 2) 0.37 27 24 0.28 [−0.18, 0.92]
McCrudden et al. (2009) (University A, exp. 1) 0.75 35 37 0.24 [0.27, 1.22]
McCrudden et al. (2009) (University B, exp. 2) 0.94 27 27 0.29 [0.38, 1.50]
McCrudden, Magliano, et al. (2011; exp. 3) 0.00 15 15 0.37 [−0.71, 0.72]
McTigue (2009) 0.22 25 27 0.28 [−0.32, 0.76]
Moore & Skinner (1985) 0.72 26 27 0.28 [0.18, 1.27]
Pike et al. (2010) 0.84 4 4 0.67 [−0.48, 2.16]
Reid & Beveridge (1986; School A, exp. 1) 0.22 40 40 0.22 [−0.22, 0.66]
Reid & Beveridge (1986; School B, exp. 2) 0.00 28 28 0.27 [−0.52, 0.53]
Reinking et al. (1988) 0.10 16 16 0.35 [−0.59, 0.78]
Ritzhaupt et al. (2018) 0.29 27 32 0.26 [−0.23, 0.80]
Van Genuchten et al. (2012) 0.68 32 32 0.26 [0.18, 1.19]
Waddill et al. (1988; exp.1) 0.08 12 12 0.41 [−0.72, 0.88]
Wiley (2018) −0.02 20 20 0.32 [−0.64, 0.60]
Overall 0.39 1,053 1,050 0.06 [0.26, 0.51]

Note. All sample sizes are averaged and rounded down. exp. = experiment; ES = effect size (Hedges’s g); SE = standard error; CI = confidence interval.

removed from the analysis due to interdependence with 
graphical display type. Of the remaining moderators, both 
graphical type and assessment format were significant pre-
dictors of comprehension. Readers’ comprehension improved 
when text was supported by pictures, compared with a com-
bination of different graphical types. Regarding assessment 
format, when students’ reading comprehension was assessed 

with short answer or mixed formats, graphics produced larger 
effects than when assessed with t/f formats.

The Main Effect: Meaningful or Not?

To interpret the main effect size (Hedges’s g = 0.39) 
favoring graphics for comprehension, it is important to 
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consider that, when compared with decoding aspects of 
reading, improving reading comprehension is particularly 
effortful. For example, a recent meta-analysis (Edmonds 
et al., 2009) synthesized comprehension outcomes of read-
ing interventions and determined an effect size of 0.89 after 
an average of 23 hours of instruction. Thereby graphics, 
which require only a minimal, material investment can yield 
meaningful change for students’ comprehension on at least a 
single, target text. We are not implying that the inclusion of 
graphics can (or should) substitute for instruction, but 
instead we are highlighting that focusing students to capital-
ize on the visual channel can be a powerful comprehension 
tool. Thereby, we advocate that, within comprehension 
instruction, greater attention should be given to the visuals 
so that we do not perpetuate the verbal bias described by 
Winn 30 years ago (Winn, 1987). Particularly when consid-
ering the findings of Renkl and Scheiter (2017), indicating 
that many students do not have strong graphic interpretation 
skills, readers likely are only capturing a small percentage of 
graphics’ potential benefits for comprehension support.

Attention to (Visual) Detail. It is important to consider that 
the pictures and diagrams presented within each study were 
intentionally crafted for the goal of promoting learning for a 
single target text. Such focused attention, however, is not 
typical for the selection of graphics in textbooks (Goldsmith, 
1987; Hubisz, 2000), or in scientific journals, in which art-
ists (not scientists or educators) usually create the images 
(Ottino, 2003). As such, we caution that the results of this 
analysis may be partially inflated by the high quality of the 
graphics within these studies. Such robust effects may not 
occur with more typical classroom texts, which tend to have 
a greater density of illustrations, but of arguably lower qual-
ity (Guo et al., 2018) and would demand even greater skill 
from readers.

Theoretical Implications. Our main finding is consistent 
with both DCT (Paivio, 1971) and CTML (Mayer, 2001). 
According to both theories, the concurrent presentation of 
information in multimodal text enables students to store the 
same material in two formats. When acquiring information 
from both sources, students can encode in their memory and 
make connections between the two formats. This helps cre-
ate two paths that learners can take to retrieve and process 
information more efficiently (Clark & Paivio, 1991).

Yet current theories lack aspects of specificity, which 
reduces their predictive and explanatory power. For exam-
ple, these theories do not differentiate between graphics ver-
sus graphic organizers, which readers interact with in 
markedly different ways. When graphics are interactive in 
nature, it is unclear whether comprehension benefits resides 
in the visual form or by prompting students to interact with 
the material. As Ainsworth’s (2006) framework describes, 
beyond design, we should consider the cognitive tasks 
required by the learner, and this also has consequences for 
how we should present graphics in learning materials.

Therefore, if we compare our results, in which students 
more passively studied visual representations, with graphic 
organizer research, in which students are compelled to con-
struct or complete a graphic, we can begin to untangle which 
benefits derive from the visual channel and which derive 
from cuing active comprehension processes (e.g., organizing 
information). For example, in Nesbit and Adesope’s (2006) 
meta-analysis regarding concept maps (i.e., flow diagrams), 
when students constructed the graphic organizer, the average 
effect size was 0.82, but when they only studied the graphic 
organizer the effect size was 0.37. In our work, the effect 
size of reading flow diagrams from subgroup analysis was 
0.35 (95% CI [0.10, 0.60]), which is consistent with Nesbit 
and Adesope’s finding. The contrast between the more active 
and passive approach indicates that the activity or cognitive 
task significantly assists comprehension; however, even 
without creating or completing an image, the presence of 
visuals alone benefits readers’ meaning construction.

A second theoretical limitation is that most current theo-
ries of reading comprehension (see Cain & Parrila, 2014) 
may provide exquisite detail regarding the role of decoding 
and vocabulary, but do not typically address the role of visu-
als within reading comprehension. In short, the theoretical 
advances have not kept pace with graphical advances. As 
such, there continues to be a need for more unified theories 
in the field of reading (Sadoski & Paivio, 2007) that both 
capture diverse perspectives and are aligned with modern 
multimodal texts. Thereby, to consider graphics in greater 
specificity, we transition to our moderator analysis.

Effects of Moderators: Who? What? and When?

Our second aim was to examine the extent that grade 
level, graphic type, assessment format and text genre moder-
ate the efficacy of graphics.

FIGURE 3. Trim and Fill funnel plot (x-axis = Hedges’s g; 
y-axis = standard error); white dots indicate “filled” studies.
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Grade Level. Due to cognitive load, we predicted that older 
readers would benefit more from graphics. Contrary to our 
hypothesis, the moderator analysis revealed no significant 
effects of grade level. In other words, visuals benefitted stu-
dents across different grades. This result, while optimistic 
for instruction, seems inconsistent with Readence and 
Moore’s (1981) conclusion, which indicated that college-
level students benefited from pictures more than K–12 stu-
dents. One possible explanation for this inconsistency is 
connected to analysis approaches: When examining grade 
level as a moderator, Readance and Moore split students into 
four subgroups (traditional K–12 public school, traditional 
university, nontraditional K–12 public school, nontraditional 
university), whereas we split the group into elementary, sec-
ondary, and adults. It is also notable that Readance and 
Moore compared standard deviations and means among 
these four subgroups without calculating effect sizes.

However, albeit not statistically significant, our results 
did suggest a larger effect for adult readers when compared 
with elementary and secondary students (see Table 3). This 
is concerning as younger students are often expected to inde-
pendently “read-to-learn” multimodal texts. However, 
understanding graphics involves semantic processing and 
information integration (Schnotz, 2014). Therefore, we need 

additional research on such readers’ processes and skills 
related to decoding graphics. Younger readers may need 
instructional scaffolding to benefit fully from graphics. 
Additionally, it is important to consider that Mayer’s exten-
sive work in this area (e.g., Mayer et al., 1984; Mayer & 
Gallini, 1990), which is based exclusively on research with 
college readers, and attempts at translating principles to 
younger readers have not been directly replicated (McTigue, 
2009). Therefore, our findings do little to clarify the under-
standing of developmental levels for graphical comprehen-
sion but provide an optimistic view for using graphics with 
all ages of students.

Graphic Type. Only when compared with texts with mixed 
graphics, texts with pictures had a greater effect on students’ 
reading comprehension. This finding may relate to the visual 
complexity, which is composed of the density and variety of 
visuals, the intricacy of individual visual representations, the 
spatial and semantic integration of text and visuals and for-
matting features (Guo et al., 2018). Analogous to how it is 
challenging to read a text that shifts text structure, a text that 
shifts the types of visuals may require greater effort.

Regarding the comparison of individual graphical types, 
after controlling for other moderator effects, pictures, 

FIGURE 4. Cumulative forest plot.
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pictorial diagrams, as well as flow diagrams showed similar, 
positive effects on students’ reading comprehension. DCT 
(Paivio, 1971, 1986) predicts that readers benefit from this 
realism (i.e., pictures). In contrast, CTML (Mayer, 2001) 
emphasizes that reducing extraneous and emphasizing 
essential information supports learning (i.e., flow diagrams), 
even if sacrificing realism. Our findings support neither the-
oretical position. Perhaps research cannot determine a pre-
ferred design or type of graphical displays in supporting 
comprehension because it is not essentially a design issue. 
Rather, as described by Ainsworth (2006), design parame-
ters are endemic to a particular representation and function. 
Design quality may be more of a feature of alignment 
between reader, text, and task.

Assessment Format. Comprehension can be measured in 
many formats, with each type capturing different aspects of 
learning. We predicted that graphics would be most benefi-
cial to students’ ability to answer open-ended assessments, 
which are production tasks and typically assess more 
gestalt understandings. Our findings partially confirmed 
our prediction: When compared with two other assessment 
forms (short answer and mixed), graphics provided the 
least benefit for t/f outcome measures. This finding may be 
related to these outcome measures being production tasks. 
However, rather than the nature of the task, we suggest a 
possible statistical interpretation regarding assessment 

reliability. According to Crocker and Algina’s (2006) item 
analysis theory, binary questions may result in lower score 
reliability as item difficulty (i.e., rate of correctness in each 
item) depends on the number of alternatives. The t/f ques-
tions yield lower effect sizes because there are only two 
response options in each question, and even students with 
no content knowledge can guess with 50% accuracy on 
each item. Therefore, the effect of graphics may not be 
assessed accurately when using t/f format.

Alternatively, t/f assessments may be capturing qualita-
tively different types of learning than the other assessment 
formats. In previous research (e.g., Mayer, 2001), graphics 
promoted conceptual understanding (typically measured by 
open-ended questions) but not verbatim recall. In fact, 
Mayer demonstrated that while diagrams facilitated concep-
tual knowledge, they simultaneously produced negative 
effects on subjects’ verbatim recall of the text. Due to the 
brevity and closed nature of the task, the t/f format may pri-
oritize recall over conceptual understanding.

Limitations

There are several methodological limitations in the cur-
rent study. First, to employ a meta-analytic method, we only 
included studies that reported sufficient quantitative infor-
mation. Therefore, we could not consider qualitative research 
(e.g., think-alouds). Second, we suspect that factors such as 

TABLE 3
Subgroup or Simple Regression Analyses

n ES 95% CI Test of Heterogeneity in Each Subgroup (p) τ2

Grade level .10 0.06
 Elementary 11 0.27 [0.05, 0.50]  
 Secondary 7 0.23 [−0.03, 0.49]  
 Adults 21 0.52 [0.34, 0.69]  
Graphic type .03* 0.05
 Picture 10 0.37 [0.14, 0.59]  
 Pictorial diagram 13 0.63 [0.40, 0.85]  
 Flow diagram 7 0.35 [0.10, 0.60]  
 Mixed 9 0.14 [−0.11, 0.38]  
Assessment format .002** 0.03
 True/false 4 0.22 [−0.10, 0.54]  
 Multiple choice 14 0.22 [0.06, 0.38]  
 Short answer 10 0.67 [0.44, 0.90]  
 Mixed 8 0.60 [0.37, 0.82]  
 Other 3 0.02 [−0.40, 0.44]  
Text genre .62 0.07
 Narrative 8 0.48 [0.21, 0.74]  
 Informational 30 0.37 [0.22, 0.51]  
 Mixed 1 0.08 [−0.87, 1.03]  

Note. The τ2 was set common in each subgroup. ES = effect size; CI = confidence interval.
*p < .05. **p < .01. ***p < .001.
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reading time, prior knowledge, and academic skills may 
moderate the effects of graphics on reading comprehension. 
For instance, although multiple studies used open-ended 
questions to assess students’ reading comprehension, most 
did not report students’ writing skills, which may potentially 
moderate the learning effect, or students’ capacity to demon-
strate their learning. As few studies reported these types of 
factors, there was insufficient data for moderator analysis.

Additionally, in our moderator analysis, we grouped stu-
dents into three categories: elementary (Grades 1–6), sec-
ondary (Grades 7–12), and college and up. Grades 1 to 6 
were grouped into a single grade-level category. Although 
we attempted to group elementary students into two groups 
based on the development stages of foundational reading 
skills (i.e., Grades 1–3 vs. 4–6; Chall, 1983), we found sev-
eral studies included mixed age-groups (e.g., Pike et al., 
2010, recruited second- to sixth-grade students). Therefore, 
we were unable to examine students into more meaningful 
age-groups.

Moreover, the materials in the included studies typically 
did not represent the complexity of modern texts. The major-
ity of designs featured a single graphic supporting the text. 
In contrast, many contemporary texts contain multiple 
graphics on a single page spread (Guo et al., 2018). Nine 
studies did not report the source of texts used and, in total, 
only six used materials from students’ textbooks. Others 
used texts adapted from articles, book excerpts, websites, or 
videos (n = 12), standardized tests (n = 1), previous research 
(n = 9), or texts were developed by researchers (n = 2). 
Thus, it may not be possible to generalize these findings to 
modern, graphically dense texts.

Implication for Research

As a field, we require further empirical studies that con-
sider when, how, and for whom graphics enhance reading 

comprehension (Carney & Levin, 2002). While this work 
provides additional insight toward answering these ques-
tions, our findings are not unequivocal. Although individual 
studies demonstrated rigor, the lack of systematicity and 
standardizations between research studies greatly limited the 
results of this synthesis and slows down progress in the field 
of visual literacy. This work, therefore, suggests multiple 
areas for future inquiry.

Participant-Level Descriptions. First, future research 
should collect and report detailed information of participant-
level variables that influence study results. Of most salience, 
few of the included studies measured students’ prior knowl-
edge and reading and writing skills, which contributed to 
reading comprehension (Anderson & Pearson, 1984). 
Related to skills, recent work with eye tracking indicates that 
reading ability interacts with the use of pictures in science 
texts (Jian & Ko, 2017). Furthermore, the format of outcome 
measures, particularly if they require writing to complete, 
may affect students’ performance. This information should 
be standard data to report.

Language Status. Notably, most of the included studies 
investigated only native speakers’ comprehension of multi-
modal texts. Despite that visuals have long been recom-
mended as best practices for teaching English language 
learners (ELLs), there is a dearth of studies investigating 
how ELLs respond to graphics and texts (Wright et al., 
2014), indicating an assumption of generalization from 
research with native speakers. Therefore, it is essential to 
explore ELLs’ use of graphics, as their information process-
ing may be different and possibly more complex (Praveen & 
Rajan, 2013).

Graphical Type. Our findings indicate that there is not a 
clear benefit regarding specific forms of graphics. This 

TABLE 4
Meta-Regression Analysis

β SE p 95% CI Q
residual

 (p) I residual
2  (CI) τresidual

2  (CI)

Intercept 0.17 0.20 .39 [−0.22, 0.57]  
Grade level (elementary vs. adults) −0.22 0.16 .17 [−0.53, 0.09]  
Grade level (secondary vs. adults) 0.01 0.20 .95 [−0.37, 0.40]  
Graphic type (pictorial diagram vs. picture) 0.16 0.18 .34 [−0.17, 0.50]  
Graphic type (flow diagram vs. picture) −0.07 0.15 .71 [−0.43, 0.29]  
Graphic type (mixed vs. picture) −0.31 0.16 .0388* [−0.59, −0.02]  
Assessment format (multiple choice vs. t/f) 0.16 0.18 .38 [−0.19, 0.51]  
Assessment format (short answer vs. t/f) 0.58 0.19 <.001** [0.21, 0.96]  
Assessment format (mixed vs. t/f) 0.55 0.18 <.001*** [0.19, 0.90]  
Assessment format (other vs. t/f) 0.08 0.26 .76 [−0.44, 0.59]  
 30.34 (.40) 8.40% [0%, 48.06%] 0.01 [0.00, 0.08]

Note. t/f = true/false; SE = standard error; CI = confidence interval.
*p ≤ .05. **p < .01. ***p < .001.
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suggests that the optimum format relies on the alignment 
between the graphical design and the cognitive tasks. Future 
research should explore issues of alignment rather than 
searching for aspects of generic, effective designs. Further-
more, in the manner of disciplinary literacy, such research 
should be grounded in the expectations of that discipline.

Assessments. First, we encourage future researchers to pro-
vide the actual assessments used in research. By providing 
only descriptions and select examples, it was challenging to 
code and compare assessments. The second implication 
relates to the types of outcome measures that were not used 
among included studies. The reviewed studies focused on a 
single correct interpretation of text rather than on other types 
of comprehension (e.g., critical comprehension). More 
research is needed in understanding how visuals, especially 
photographs, can be viewed critically (e.g., what is the pho-
tographer’s goal for the upward gaze?).

Classroom Implications

The conclusions of this study encourage the use of graph-
ics for all grade levels. However, our conclusions also pro-
vide some caution that younger learners, particularly 
secondary students, may not benefit from graphics in the 
same manner as adult readers. Our findings and Renkl and 
Scheiter’s findings (2017) suggest that greater modeling and 
instruction for using graphics would be beneficial.

Furthermore, to best reap the benefits of graphics, we rec-
ommend the careful selection of high-quality multimodal 
texts. As an exemplar, children’s literature author Gail 
Gibbons describes her rigorous process of decision making 
regarding a composition of text and illustration (see Donovan 
& Smolkin, 2011). Such texts provide an opportunity for 
critical analysis (e.g., Serafini, 2010), so students can evalu-
ate the logic and effectiveness of various graphical devices 
and decisions.

Additionally, the contrasting omnibus findings between 
graphic organizers and graphics suggest that increasing 
readers’ interaction with visuals benefits learning. Teachers 
can accomplish this through activities such as having stu-
dents create new labels or captions for graphics or critiquing 
and redesigning existing graphics in school texts.

Conclusion

Our findings contribute to the field by updating previous 
reviews and quantifying the impact of graphics on reading 
comprehension. Researchers and teachers can draw the fol-
lowing conclusion: The presence of graphics have a moder-
ate positive effect on reading comprehension. However, the 
more granular details of for whom, when, and how using 
graphics will deepen students’ comprehension is endowed 
with less certainty. Regarding for whom graphics are effec-
tive, our analysis demonstrated that the effects of graphics 

did not differ significantly by grade level, indicating that all 
levels of readers have the potential to learn from graphics. 
With regard to when and how graphics are effective, we 
examined graphic type and assessment format. Regarding 
graphic type, pictures, when compared to texts with mixed 
graphics, better facilitated students’ reading comprehen-
sion. This suggests that visual complexity may challenge 
readers’ comprehension. We did not, however, find a sig-
nificant difference among pictures, pictorial diagrams, and 
flow diagrams, indicating no benefit from either realism or 
simplicity of form. Compared with using t/f assessments, 
studies that used short answer or had multiple formats of 
assessment questions showed higher comprehension effects. 
Looking forward, while the lack of consistency across stud-
ies limited our analysis possibility, future research can pro-
vide details about individual differences so that work may 
better build on past findings. Additionally, issues of graphi-
cal quality, complexity, and authentic classroom use need 
further exploration.

ORCID iD

Erin M. McTigue  https://orcid.org/0000-0002-3245-9719

References

Studies included in the present meta-analysis are indicated by an 
asterisk (*)

Ainsworth, S. (2006). DeFT: A conceptual framework for con-
sidering learning with multiple representations. Learning and 
Instruction, 16(3), 183–198. https://doi.org/10.1016/j.learnin-
struc.2006.03.001

Anderson, R. C., & Pearson, P. D. (1984). A schema-theoretic 
view of basic processes in reading comprehension. In P. D. 
Pearson (Ed.), Handbook of reading research (pp. 255–292). 
Longman.

Ardasheva, Y., Wang, Z., Roo, A. K., Adesope, O. O., & Morrison, 
J. A. (2018). Representation visuals’ impacts on science inter-
est and reading comprehension of adolescent English learners. 
Journal of Educational Research, 111(5), 631–643. https://doi.
org/10.1080/00220671.2017.1389681

*Bernard, R. M. (1990). Using extended captions to improve 
learning from instructional illustrations. British Journal of 
Educational Technology, 21(3), 215–225. https://doi.org/10. 
1111/j.1467-8535.1990.tb00040.x

Borenstein, M., Hedges, L. V., Higgins, J. P. T., & Rothstein, H. 
R. (2009). Introduction to meta-analysis. Wiley. https://doi.
org/10.1002/9780470743386

*Branch, R. M., & Riordan, J. (2000). Time and the use of dia-
grams or texts, and study questions on learner comprehension. 
Journal of Visual Literacy, 20(2), 197–218. https://doi.org/10.1
080/23796529.2000.11674566

Brookshire, J., Scharff, L. F., & Moses, L. E. (2002). The influ-
ence of illustrations on children’s book preferences and com-
prehension. Reading Psychology, 23(4), 323–339. https://doi.
org/10.1080/713775287

*Butcher, K. R. (2006). Learning from text with diagrams: 
Promoting mental model development and inference generation. 

https://orcid.org/0000-0002-3245-9719
https://doi.org/10.1016/j.learninstruc.2006.03.001
https://doi.org/10.1016/j.learninstruc.2006.03.001
https://doi.org/10.1080/00220671.2017.1389681
https://doi.org/10.1080/00220671.2017.1389681
https://doi.org/10.1111/j.1467-8535.1990.tb00040.x
https://doi.org/10.1111/j.1467-8535.1990.tb00040.x
https://doi.org/10.1002/9780470743386
https://doi.org/10.1002/9780470743386
https://doi.org/10.1080/23796529.2000.11674566
https://doi.org/10.1080/23796529.2000.11674566
https://doi.org/10.1080/713775287
https://doi.org/10.1080/713775287


The Effect of Graphics on Reading Comprehension

17

Journal of Educational Psychology, 98(1), 182–197. https://doi.
org/10.1037/0022-0663.98.1.182

Cain, K., & Parrila, R. (2014). Introduction to the special issue. 
Theories of reading: What we have learned from two decades 
of scientific research. Scientific Studies of Reading, 18(1), 1–4. 
https://doi.org/10.1080/10888438.2013.836525

Carney, R. N., & Levin, J. R. (2002). Pictorial illustrations still 
improve students’ learning from text. Educational Psychology 
Review, 14(1), 5–26. https://doi.org/10.1023/A:1013176309260

Chall, J. S. (1983). Stages of reading development. McGraw-Hill.
*Chan, T. K., Wong, S. W., Wong, A. M. Y., & Leung, V. W. 

H. (2018). The influence of presentation format of story on 
narrative production in Chinese children learning English-as-
a-second-language: A comparison between graphic novel, illus-
tration book and text. Journal of Psycholinguistic Research, 
48(1), 221–242. https://doi.org/10.1007/s10936-018-9600-9

Clark, J. M., & Paivio, A. (1991). Dual coding theory and educa-
tion. Educational Psychology Review, 3(3), 149–210. https://
doi.org/1040-726X/91/0900-0149506.50/0

Cohen, J. (1992). Quantitative methods in psychology. Psychological 
Bulletin, 112(1), 115–159. https://doi.org/10.1037/0033-2909. 
112.1.155

Coleman, J. M., & Dantzler, J. A. (2010, April 30–May 4). 
Graphics use in science trade books for children: A descriptive 
analysis [Paper presentation]. Annual meeting of the American 
Educational Research Association, Denver, CO, United States.

*Coleman, J. M., McTigue, E. M., & Dantzler, J. A. (2018). 
What makes a diagram easy or hard? The impact of diagram 
design on fourth-grade students’ comprehension of science 
texts. Elementary School Journal, 119, 122–151. https://doi.
org/10.1086/698819

*Cook, M. P. (2014). Reading graphically: Examining the effects 
of graphic novels on the reading comprehension of high 
school students (Doctoral dissertation, Clemson University). 
TigerPrints. https://tigerprints.clemson.edu/cgi/viewcontent.
cgi?referer=https://scholar.google.com/&httpsredir=1&article=
2352&context=all_dissertations

Cornell, J. E., Mulrow, C. D., Localio, R., Stack, C. B., Meibohm, 
A. R., Guallar, E., & Goodman, S. N. (2014). Random-effects 
meta-analysis of inconsistent effects: a time for change. Annals 
of Internal Medicine, 160(4), 267–270. https://doi.org/10.7326/
M13-2886

Crocker, L., & Algina, J. (2006). Introduction to classical and 
modern test theory. Holt, Rinehart & Winston.

*Désiron, J. C., De Vries, E., Bartel, A. N., & Varahamurti, N. 
(2018). The influence of text cohesion and picture detail on 
young readers’ knowledge of science topics. British Journal 
of Educational Psychology, 88(3), 465–479. https://doi.
org/10.1111/bjep.12195

Donovan, C. A., & Smolkin, L. B. (2011). Supporting informa-
tional writing in the elementary grades. Reading Teacher, 
64(6), 406–416. https://doi.org/10.1598/RT.64.6.2

Duke, N. K. (2000). 3.6 minutes per day: The scarcity of informa-
tional texts in first grade. Reading Research Quarterly, 35(2), 
202–224. https://doi.org/10.1598/RRQ.35.2.1

Duke, N. K., Martin, N. M., Norman, R. R., Knight, J. A., Roberts, 
K. L., Morsink, P. M., & Calkins, S. L. (2013). Beyond concepts 
of print: Development of concepts of graphics in text, preK to 
grade 3. Research in the Teaching of English, 48(2), 175–203.

Durkin, D. (1978). What classroom observations reveal about read-
ing comprehension instruction. Reading Research Quarterly, 
14(4), 481–533. https://doi.org/10.1598/RRQ.14.4.2

Duval, S., & Tweedie, R. (2000). Trim and fill: A simple fun-
nel- plot–based method of testing and adjusting for publication 
bias in meta-analysis. Biometrics, 56(2), 455–463. https://doi.
org/10.1111/j.0006-341X.2000.00455.x

*Dwyer, C. P., Hogan, M. J., & Stewart, I. (2010). The evalua-
tion of argument mapping as a learning tool: Comparing the 
effects of map reading versus text reading on comprehension 
and recall of arguments. Thinking Skills and Creativity, 5(1), 
16–22. https://doi.org/10.1016/j.tsc.2009.05.001

Edmonds, M. S., Vaughn, S., Wexler, J., Reutebuch, C., Cable, 
A., Tackett, K. K., & Schnakenberg, J. W. (2009). A syn-
thesis of reading interventions and effects on reading com-
prehension outcomes for older struggling readers. Review of 
Educational Research, 79(1), 262–300. https://doi.org/10.3102/ 
0034654308325998

Egger, M., Davey Smith, G., Schneider, M., & Minder, C. (1997). 
Bias in meta-analysis detected by a simple, graphical test. 
British Medical Journal, 315, 629–634. https://doi.org/10.1136/
bmj.315.7109.629

*Ehlers-Zavala, F. P. (1999). Reading an illustrated and non-illus-
trated story: Dual coding in the foreign language classroom 
[Unpublished doctoral dissertation]. Illinois State University.

*Eitel, A., Scheiter, K., & Schüler, A. (2013). How inspecting 
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*Kühl, T., Scheiter, K., Gerjets, P., & Gemballa, S. (2011). Can dif-
ferences in learning strategies explain the benefits of learning 
from static and dynamic visualizations? Computers & Education, 
56(1), 176–187. https://doi.org/10.1016/j.compedu.2010.08. 
008

Levie, W. H., & Lentz, R. (1982). Effects of text illustrations: 
A review of research. Educational Communication and 
Technology, 30, 195–232. https://doi.org/10.1007/BF02765184

Lipsey, M. W., & Wilson, D. B. (2001). Practical meta-analysis. 
Sage.

*Liu, C. J., Kemper, S., & McDowd, J. (2009). The use of illustra-
tion to improve older adults’ comprehension of health-related 

information: Is it helpful? Patient Education and Counseling, 
76(2), 283–288. https://doi.org/10.1016/j.pec.2009.01.013

Maeda, J. (2006). The laws of simplicity. MIT Press.
*Matthews, S. C. (2016). Instructional design for deaf students: An 

experimental study of multimedia instruction and cognitive load 
[Doctoral dissertation, University of Kentucky]. UKnowledge. 
https://doi.org/10.13023/ETD.2016.460

*Mayer, R. E. (1989). Systematic thinking fostered by illustrations 
in scientific text. Journal of Educational Psychology, 81(2), 
240–246. https://doi.org/10.1037/0022-0663.81.2.240

Mayer, R. E. (2001). Multimedia learning. Cambridge University 
Press. https://doi.org/10.1017/CBO9781139164603

Mayer, R. E. (2009). Modality principle. In R. E. Mayer (Ed.), 
Multimedia learning (2nd ed., pp. 200–220). Cambridge 
University Press. https://doi.org/10.1017/CBO9780511811678. 
015

*Mayer, R. E., Bove, W., Bryman, A., Mars, R., & Tapangco, 
L. (1996). When less is more: Meaningful learning from 
visual and verbal summaries of science textbook lessons. 
Journal of Educational Psychology, 88(1), 64–73. https://doi.
org/10.1037/0022-0663.88.1.64

Mayer, R. E., Dyke, J., & Cook, L. K. (1984). Techniques that help 
readers build mental models from science text: Definitions, train-
ing and signaling. Journal of Educational Psychology, 76(6), 
1089–1105. https://doi.org/10.1037/0022-0663.76.6.1089

*Mayer, R. E., & Gallini, J. K. (1990). When is an illustration 
worth ten thousand words? Journal of Educational Psychology, 
82(4), 715–726. https://doi.org/10.1037//0022-0663.82.4.715

*McCrudden, M. T., Magliano, J. P., & Schraw, G. (2011). The 
effect of diagrams on online reading processes and memory. 
Discourse Processes, 48(2), 69–92. https://doi.org/10.1080/ 
01638531003694561

McCrudden, M. T., McCormick, M. K., & McTigue, E. M. (2011). 
Do the spatial features of an adjunct display that readers com-
plete while reading affect their understanding of a complex 
system? International Journal of Science and Mathematics 
Education, 9(1), 163–185. https://doi.org/10.1007/s10763-010-
9236-1

*McCrudden, M. T., Schraw, G., & Lehman, S. (2009). The use of 
adjunct displays to facilitate comprehension of causal relation-
ships in expository text. Instruction of Science, 37(1), 65–86. 
https://doi.org/10.1007/s11251-007-9036-3

*McCrudden, M. T., Schraw, G., Lehman, S., & Poliquin, 
A. (2007). The effect of causal diagram on text learning. 
Contemporary Educational Psychology, 32(3), 367–388. 
https://doi.org/10.1016/j.cedpsych.2005.11.002

*McTigue, E. M. (2009). Does multimedia learning theory 
extend to middle-school students? Contemporary Educational 
Psychology, 34(2), 143–153. https://doi.org/10.1016/j.ced-
psych.2008.12.003

McTigue, E. M., & Flowers, A. C. (2011). Science visual literacy: 
Learners’ perceptions and knowledge of diagrams. The Reading 
Teacher, 64(8), 578–589. https://doi.org/10.1598/RT.64.8.3

*Moore, P. J., & Skinner, M. J. (1985). The effects of illustrations 
on children’s comprehension of abstract and concrete pas-
sages. Journal of Research in Reading, 8(1), 45–56. https://doi.
org/10.1111/j.1467-9817.1985.tb00272.x

Nesbit, J. C., & Adesope, O. O. (2006). Learning with con-
cept and knowledge maps: A meta-analysis. Review of 

https://doi.org/10.1006/ceps.1998.0987
https://doi.org/10.1016/0361-476X(91)90016-E
https://doi.org/10.1002/ev.1376
https://doi.org/10.1006/jmla.1993.1036
https://doi.org/10.1006/jmla.1993.1036
https://doi.org/10.1037/0022-0663.79.1.14
https://doi.org/10.1037/0022-0663.79.1.14
https://doi.org/10.1119/1.1375471
https://doi.org/10.1119/1.1375471
https://doi.org/10.5539/ass.v8n3p329
https://doi.org/10.1016/j.compedu.2017.06.002
https://doi.org/10.1007/s10956-014-9519-3
https://doi.org/10.1007/s10956-014-9519-3
https://doi.org/10.1016/0959-4752(93)90004-J
https://doi.org/10.4324/9780203299234
https://doi.org/10.1016/j.compedu.2010.08.008
https://doi.org/10.1016/j.compedu.2010.08.008
https://doi.org/10.1007/BF02765184
https://doi.org/10.1016/j.pec.2009.01.013
https://doi.org/10.13023/ETD.2016.460
https://doi.org/10.1037/0022-0663.81.2.240
https://doi.org/10.1017/CBO9781139164603
https://doi.org/10.1017/CBO9780511811678.015
https://doi.org/10.1017/CBO9780511811678.015
https://doi.org/10.1037/0022-0663.88.1.64
https://doi.org/10.1037/0022-0663.88.1.64
https://doi.org/10.1037/0022-0663.76.6.1089
https://doi.org/10.1037//0022-0663.82.4.715
https://doi.org/10.1080/01638531003694561
https://doi.org/10.1080/01638531003694561
https://doi.org/10.1007/s10763-010-9236-1
https://doi.org/10.1007/s10763-010-9236-1
https://doi.org/10.1007/s11251-007-9036-3
https://doi.org/10.1016/j.cedpsych.2005.11.002
https://doi.org/10.1016/j.cedpsych.2008.12.003
https://doi.org/10.1016/j.cedpsych.2008.12.003
https://doi.org/10.1598/RT.64.8.3
https://doi.org/10.1111/j.1467-9817.1985.tb00272.x
https://doi.org/10.1111/j.1467-9817.1985.tb00272.x


The Effect of Graphics on Reading Comprehension

19

Educational Research, 76(3), 413–448. https://doi.org/10.3102/ 
00346543076003413

Ohlson, T., Monroe-Ossi, H., & Parris, S. R. (2015). Improving 
comprehension of fictional texts in the secondary classroom. 
In L. M. Morrow (Ed.), Comprehension instruction: research-
based best practices (pp. 266–277). Guilford Press.

Ottino, J. M. (2003). Is a picture worth 1,000 words? Nature, 
421(6922), 474–476. https://doi.org/10.1038/421474a

Paivio, A. (1971). Imagery and verbal processes. Holt, Rinehart 
& Winston.

Paivio, A. (1986). Mental representations: A dual coding approach. 
Oxford University Press.

Pappas, C. C. (1991). Fostering full access to literacy by including 
information books. Language Arts, 68, 449–462.

Peeck, J. (1987). The role of illustrations in processing and remem-
bering illustrated text. In D. M. Willows, & H. A. Houghton 
(Eds.), Psychology of illustration (Vol. 1, pp. 115–151). 
Springer-Verlag. https://doi.org/10.1007/978-1-4612-4674-9_4

*Pike, M. M., Barnes, M. A., & Barron, R. W. (2010). The role of 
illustrations in children’s inferential comprehension. Journal of 
Experimental Child Psychology, 105(3), 243–255. https://doi.
org/10.1016/j.jecp.2009.10.006

Praveen, S. D., & Rajan, P. (2013). Using graphic organizers to 
improve reading comprehension skills for the middle school 
ESL students. English Language Teaching, 6(2), 155–170. 
https://doi.org/10.5539/elt.v6n2p155

RAND Reading Study Group. (2002). Reading for understanding: 
Toward an R&D program in reading comprehension. RAND.

Readence, J. E., & Moore, D. W. (1981). A meta-analytic 
review of the effect of adjunct pictures on reading com-
prehension. Psychology in the Schools, 18(2), 219–224. 
https://doi.org/10.1002/1520-6807(198104)18:2<218::AID-
PITS2310180219>3.0.CO;2-1

*Reid, D. J., & Beveridge, M. (1986). Effects of text illustra-
tion on children’s learning of a school science topic. British 
Journal of Educational Psychology, 56(3), 294–303. https://doi.
org/10.1111/j.2044-8279.1986.tb03042.x

Reid, D. J., & Beveridge, M. (1990). Reading illustrated science 
texts: A micro-computer based investigation of children’s strat-
egies. British Journal of Educational Psychology, 60(1), 7–87. 
https://doi.org/10.1111/j.2044-8279.1990.tb00923.x

*Reinking, D., Hayes, D. A., & McEneaney, J. E. (1988). 
Good and poor readers’ use of explicitly cued graphic aids. 
Journal of Reading Behavior, 20(3), 229–244. https://doi.
org/10.1080/10862968809547641

Renkl, A., & Scheiter, K. (2017). Studying visual displays: How 
to instructionally support learning. Educational Psychology 
Review, 29(3), 599–621. https://doi.org/10.1007/s10648-015-
9340-4

*Ritzhaupt, A. D., Pastore, R., Wang, J., & Davis, R. O. (2018). 
Effects of organizational pictures and modality as a feedback 
strategy on learner comprehension and satisfaction. Educational 
Technology Research and Development, 66(5), 1069–1086. 
https://doi.org/10.1007/s11423-018-9575-0

Roberts, K. L., & Brugar, K. A. (2017). The view from here: 
Emergence of graphical literacy. Reading Psychology, 38(8), 
733–777. https://doi.org/10.1080/02702711.2017.1336661

Roberts, K. L., Norman, R. R., & Cocco, J. (2015). Relationship 
between graphical device comprehension and overall text 

comprehension for third-grade children. Reading Psychology, 
36(5), 389–420. https://doi.org/10.1080/02702711.2013.865
693

Roberts, K. L., Norman, R. R., Duke, N. K., Morsink, P. M., Martin, 
N. M., Knight, J., & Calkins, S. (2013). Diagrams, timelines, 
& tables, oh my! Fostering graphical literacy. The Reading 
Teacher, 67(1), 12–23. https://doi.org/10.1002/TRTR.1174

Sadoski, M., & Paivio, A. (1994). A dual coding view of imag-
ery and verbal processes in reading comprehension. In R. B. 
Ruddell, M. R. Ruddell, & H. Singer (Eds.), Theoretical models 
and processes of reading (pp. 582–601). International Reading 
Association.

Sadoski, M., & Paivio, A. (2007). Toward a unified theory of read-
ing. Scientific Studies of Reading, 11(4), 337–356. https://doi.
org/10.1080/10888430701530714

Sadoski, M., & Paivio, A. (2013). Imagery and text: A dual cod-
ing theory of reading and writing. Routledge. https://doi.
org/10.4324/9780203801932

Schnotz, W. (2014). Integrated model of text and picture compre-
hension. In R. E. Mayer (Ed.), The Cambridge handbook of mul-
timedia learning (2nd ed., pp. 72–103). Cambridge University 
Press. https://doi.org/10.1017/CBO9781139547369.006

Schnotz, W., & Bannert, M. (2003). Construction and interfer-
ence in learning from multiple representations. Learning and 
Instruction, 13(2), 141–156. https://doi.org/10.1016/S0959-
4752(02)00017-8

Schnotz, W., Picard, E., & Hron, A. (1993). How do successful 
and unsuccessful learners use texts and graphics? Learning 
and Instruction, 3(3), 181–199. https://doi.org/10.1016/ 
0959-4752(93)90003-I

Schrader, P. G., & Rapp, E. E. (2016). Does multimedia theory 
apply to all students? The impact of multimedia presentations 
on science learning. Journal of Learning and Teaching in 
Digital Age, 1, 32–46.

Schwarzer, G., Carpenter, J. R., & Rücker, G. (2015). Meta-
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