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Abstract

A meta-analysis was conducted on the effects of technology-enhanced stories for 
young children’s literacy development when compared to listening to stories in 
more traditional settings like storybook reading. A small but significant additional 
benefit of technology was found for story comprehension (g+ = 0.17) and expressive 
vocabulary (g+ = 0.20), based on data from 2,147 children in 43 studies. When 
investigating the different characteristics of technology-enhanced stories, multimedia 
features like animated pictures, music and sound effects were found beneficial. In 
contrast, interactive elements like hotspots, games and dictionaries were found to 
be distracting. Especially for children disadvantaged because of less stimulating 
family environments multimedia features were helpful and interactive features were 
detrimental. Findings are discussed from the perspective of cognitive processing 
theories.

There is no doubt that reading stories to young children are one of the most important 
sources of literacy development (Bus, van IJzendoorn, & Pellegrini, 1995; Mol & 
Bus, 2011). Listening to stories children expand their story comprehension skills and 
acquire sophisticated language in addition to code-related skills such as phonological 
awareness or concepts of print. With the emergence of technology in homes and 
school settings, children can watch a narrative on television, on the computer using 
a CD-ROM or DVD, or on the Internet, and more recently, they can use a tablet 
or a smartphone (e.g., apps on the iPad or the iPhone) to access stories. Television 
only allows for multimedia features (like animated illustrations in addition to music 
and sound effects); in contrast, it is possible for stories on the computer or tablets 
to involve the child in the story through interactive features such as questions, 
dictionaries, games, and animations, or sounds to be activated by clicking on or 
touching a spot in an illustration (often indicated as hotspots).
The Joan Ganz Cooney Center analyzed the 137 most popular American electronic 
books (e-books) for young children in 2012 (Guernsey, Levine, Chiong, & Severns, 
2012) and found that 75% of the e-books included hotspots and 65% included 
game-like activities. Only about 20% of hotspots and a quarter of the games were 
related to the story. From the perspective of information processing, this shift from 
listening to a story to playing during listening might require the child to continuously 
switch between listening and playing, which could have serious consequences for 
story comprehension and learning as a result of cognitive overload (Bus, Takacs, & 
Kegel, 2014).

At the same time, it has been suggested that technology-enhanced stories will 
enhance children’s comprehension of stories (Salmon, 2014; Zucker, Moody, & 
McKenna, 2009). Multimedia additions provide nonverbal information that might 
help story comprehension by visualizing story events congruent with the narration 
(Sharp et al., 1995; Verhallen, Bus, & de Jong, 2006). Similarly, interactive features 
that are relevant to the story (e.g., a hotspot with a question that is tightly connected 
to the story) or aimed at developing literacy skills (e.g., an alphabet game) might 
enhance the effects of listening to a story (Segers, Nooijen, & de Moor, 2006; Shamir, 
Korat, & Fellah, 2012; Smeets & Bus, 2014). Additionally, technology-enhanced 
stories may be more engaging for children in comparison to print storybooks (Adam 
& Wild, 1997; Chiong, Ree, Takeuchi, & Erickson, 2012; Moody, Justice, & Cabell, 
2010; Okolo & Hayes, 1996), especially during repeated readings (Verhallen & Bus, 
2009a).

For the purposes of the present meta-analysis of technology-enhanced stories, the 
effects of different devices and platforms were ignored (see Roskos & Burnstein, 2013, 
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for a study on the role of devices). Instead, the effects of multimedia and interactive 
elements were examined. Furthermore, the effect of technology was investigated as a 
function of children’s risk status, because it has been suggested that multimedia may 
be especially beneficial in risk groups (Kamil, Intractor, & Kim, 2000).

Multimedia Features

The visual superiority hypothesis assumes that salient visual information presented 
in television programs distracts children from the verbal stimuli (e.g., narration 
or conversation). This hypothesis, however, has not been confirmed. Research has 
shown that children pay attention to the verbal information when it is congruent 
with the visual information (for reviews see Bus et al., 2014; Rolandelli, 1989). 
However, we still do not know if a presentation of stories that include nonverbal 
information is better for comprehension than a verbal-only source of information.

The cognitive theory of multimedia learning (Mayer, 2003) proposes that deeper 
learning occurs when information is presented both verbally and nonverbally. 
According to the dual coding theory (Paivio, 2007), verbal and nonverbal information 
are processed in two separate but interconnected channels. Thus, processing the 
two kinds of stimuli simultaneously does not result in cognitive overload but, 
on the contrary, it facilitates learning. Because illustrations and narration mostly 
complement each other in picture storybooks, the nonverbal information may 
support comprehension of verbal information and, vice versa, verbal information 
may support the interpretation of illustrations and other nonverbal information 
(Sipe, 1998).

Technology-enhanced books may, even more than traditional print books, 
enhance children’s story comprehension and word learning from the story due to 
a closer match between nonverbal and verbal information. When pictures include 
movements and zooming, each frame might illustrate the oral narration more closely 
in time than static pictures, resulting in a higher temporal contiguity between the 
verbal and visual information. In fact, the temporal contiguity principle of the 
multimedia learning theory predicts deeper learning when the verbal and nonverbal 
information are presented close to each other in time rather than further apart (Mayer, 
2005). The hypothesis is that in the case of high temporal contiguity, children do 
not need to hold the oral narration and the illustration in working memory in order 
to integrate them, thus reducing the cognitive load children face when listening to 
a story. Additionally, it is plausible that sound effects and background music that 
are often part of technology-enhanced books might, if congruent to the narration, 
illustrate feelings and mood, thereby facilitating story comprehension and learning 
abstract words from the narration. 

The literature comparing children’s comprehension and memory of the details of 
animated (television) to audio-only (radio) stories show some evidence that dynamic 
visualizations enhance story comprehension (Beagles-Roos & Gat, 1983; Gibbons, 
Anderson, Smith, Field, & Fischer, 1986; Hayes, Kelly, & Mandel, 1986; Pezdek, 
Lehrer, & Simon, 1984; Sharp et al., 1995). A more recent line of research that 
compares (a) electronic stories with animated pictures, background sounds, and 
music to (b) print or print-like presentations that include static illustrations found 
an advantage for technology-enhanced books on story comprehension and word 
learning (Smeets & Bus, 2014; Verhallen et al., 2006; Verhallen & Bus, 2010) with 
some exceptions. For children having difficulties with verbal processing, sound effects 
might disrupt perception of speech (Smeets, van Dijken, & Bus, 2014). 

In sum, as long as they are congruent to the story, animated pictures, sound, and 
music do not seem to distract children from the story text. On the contrary, meaningful 
nonverbal additions to stories have been shown to boost story comprehension and 
word learning. In the present study, the effect of multimedia features was compared 
to those of oral narration of stories including some or no static illustrations.

Interactive Features

Most technology-enhanced stories are loaded with interactive features such as 
puzzles, memory tasks, amusing visual or sound effects, dictionary function, or 
word or picture labels appearing when activating the hotspot (de Jong & Bus, 2003; 
Guernsey et al., 2012; Korat & Shamir, 2004). As these features are often available 
not only after but also during the oral narration (de Jong & Bus, 2003) they might 
interrupt the flow of the story or draw children’s attention away from listening to 
the oral narration. In fact, de Jong and Bus (2002) found that when a lot of visual 
and sound effects are available and children can make a choice between listening to 
the narration and playing with visual and sound effects, they hardly spend any time 
listening to the oral narration.

According to the cognitive load theory (Sweller, 2005), working memory capacity 
is very limited. Instructional designs that do not take this limited capacity into 
consideration can result in a large cognitive load and disrupt learning. The coherence 
effect of the cognitive theory of multimedia learning (Mayer, 2003) predicts deeper 
learning when extraneous materials that are not directly related to the learning 
material are excluded from the multimedia message. Interactive features, especially 
the ones that are not tightly connected to the story line like games or hotspots on 
irrelevant details, might function as seductive, extraneous materials that can distract 
children from the story.
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In fact, incongruent interactive features have been found to result in the child’s 
failure to retell the story (Labbo & Kuhn, 2000; Okolo & Hayes, 1996). Ricci and 
Beal (2002), on the other hand, found that children’s recall of a highly interactive 
story including unrelated interactive features was better than their recall of a recorded  
audio-only presentation. Interactive features that support story content may have a 
potential advantage. Segers et al. (2006) found that an electronic book with games 
to explain story vocabulary was more beneficial for special needs children’s word 
learning than a teacher reading a story to them. Korat and Shamir (2008) showed 
that children reading electronic books with dictionaries improved more in vocabulary 
than children reading electronic books without interactive features. Smeets and Bus 
(2014) found that children in the condition including explanations of difficult 
words from the narration in the form of hotspots outperformed the children in the 
electronic story condition without interactive features to support word learning.

In sum, interactive elements that are not supportive of story comprehension 
might function as extraneous material resulting in incidental processing and 
cognitive overload that disrupts processing of the essential material of the story 
and learning (Mayer & Moreno, 2003). Constant switching between two different 
tasks, understanding the story on the one hand and exploring games and hotpots 
on the other, might place too much extraneous load on the working memory of 
young children and decrease their performance on both tasks. Specifically, it may 
result in decreased story comprehension and word learning from the story. Even 
interactive features that are relevant to the story may disturb story comprehension 
and language learning. Story comprehension and playing with hotspots or games are 
two fundamentally different tasks, even when their content is related, and carrying 
out both requires task switching. On the other hand, the more closely related the 
story and the interactive additions are, the smaller the cognitive cost of switching 
between the two tasks is.

Disadvantaged Children

It is plausible that for children who do not fully understand the narration because 
they lack the language and comprehension skills necessary, nonverbal information 
from animations and sound effects can fill in the gaps. Similarly, games related to 
literacy skills in interactive stories can offer an appealing environment to practice 
and develop literacy skills, which might be especially important for children who 
are behind or who are having difficulties with these skills. Thus, in the present meta-
analysis, special attention was given to the effects of technological enhancements 
on stories for the different groups of disadvantaged children by testing every effect 
separately for disadvantaged and non-disadvantaged children.

As we found samples with a wide range of characteristics that might put children 
at risk of lagging behind in language and literacy development in the primary 
literature, we used the umbrella term, disadvantaged, for groups of children from 
low socioeconomic status (SES) families (e.g., Korat & Shamir, 2007) or immigrant, 
bilingual families (e.g., Segers et al., 2004), and children with learning problems, 
such as struggling readers (e.g., Karemaker et al., 2010a), children with special needs 
(Segers et al., 2006), children with developmental delays (Shamir et al., 2012), or 
children with severe language impairments (Smeets et al., 2014).

Research Questions

In the present meta-analysis, we were specifically interested in the additional effects 
of technology as compared to more traditional presentations of stories, like telling 
a story or reading a print storybook. Thus, only studies contrasting technology-
enhanced story presentations to more traditional presentations of the same or a 
similar story were included in the meta-analysis. In both the technology-enhanced 
and the comparison conditions, an oral narration of the story had to be included. We 
considered independent reading of a story as fundamentally different from listening 
to stories because children need to pay attention to decoding the written text when 
reading themselves instead of just focusing on comprehending the story.

There were four research questions. The first question asked whether technology-
enhanced stories foster learning more compared with traditional print-like story 
presentations. Based on the primary literature we expected a general advantage 
of technology-enhanced stories over more traditional presentations on children’s 
literacy outcomes. The second question asked if multimedia-enhanced stories were 
more beneficial for children’s literacy than traditional story presentations. Based on 
the theory of multimedia learning, it was hypothesized that multimedia features, 
congruent to the narration, such as animated pictures, music and sound may be 
beneficial.

Question 3 asked whether interactive features in technology-enhanced stories 
were distracting at the expense of children’s literacy learning. In contrast to 
multimedia elements, interactive features, especially the ones that are irrelevant to 
the story, may be distracting and harmful for story comprehension (Bus et al., 2014). 
Finally, Question 4 asked if technological additions to stories were more important 
for disadvantaged groups of children than for non-disadvantaged students. We 
expected that the addition of multimedia features to stories would be especially 
important for children who are at risk of getting behind or are already behind in 
language development. That is, because of these children’s limited understanding of 
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the story language, they are the ones who might benefit the most from extra non-
verbal information. In fact, it is plausible that older and typically developing children 
with average or above average vocabularies and language skills might not need much, 
or even any, nonverbal addition to understand a story.

Method

Operational Definitions

The goal of the present study was to compare the effects of technology-enhanced 
narrative stories to more traditional presentations on young children’s language 
and literacy development. Technology-enhanced stories were defined as any orally 
narrated story presented with some digital addition, like multimedia (animated and/
or video illustrations, zooming, sound effects, background music) or interactive 
features (hotspots, questions, games). Our broad definition of technology-enhanced 
stories included a wide range of electronic stories and television shows and very 
different devices on which the story was presented, like television sets (e.g., Pezdek 
& Stevens, 1984), computers (e.g., de Jong & Bus, 2002, 2004; Ricci & Beal, 2002), 
tablets (Chiong et al., 2012; Noel, 2013), or other platforms like the Microsoft 
Kinect (Homer et al., 2014). Unlike other reviews (e.g., Zucker et al., 2009), we did 
not require the technology-enhanced stories to include the print text on the screen 
similar to print books.

For a study to be included there had to be a comparison condition in which the 
same or a similar story was presented in a way that resembled the more traditional 
circumstances of children listening to stories, that is, listening to someone either 
tell a story or read one from a picture storybook. For this criterion, a comparison 
condition with either only orally presented stories or oral text in addition to 
static illustrations sufficed. Earlier studies assessed the differences between stories 
presented through television and radio formats, that is, an audiovisual and an audio 
presentation (e.g., Beagles-Roos & Gat, 1983; Gibbons et al., 1986). Later studies 
compared technology-enhanced stories to an adult reading the story from a print 
picture storybook to the child, thus presenting static illustrations during the story. 
In these studies, the adults were either instructed to keep their interaction with the 
children to a minimum (e.g., Critelli, 2011) or were encouraged to interact with 
the child during the reading, imitating a natural interactive shared reading session 
(e.g., de Jong & Bus, 2004; Homer et al., 2014; Korat & Shamir, 2007). Another 
alternative was to have the computer read the story while presenting the static pictures 

on screen without any other technological advancements (e.g., Gong & Levy, 2009; 
Smeets & Bus, 2014). These comparison conditions were all considered imitations of 
traditional story sharing activities with young children, even when children listened 
to a story on the computer but with no other information that is commonly available 
in a more traditional story sharing session.

Search Strategy

We searched three databases—PsychInfo, ERIC, and the Web of Science—for 
journal articles, reports, and book chapters with a detailed search string including 
different terminology for literacy outcomes, technology-enhanced narrative stories, 
and young children (see Appendix A). Secondary searches involved inspection of the 
reference lists of review articles and the included articles for other suitable studies, in 
addition to checking handbooks on technology and children’s literacy development 
(see Appendix B for the list). We also searched for dissertations and theses reporting 
data that might be suitable for the present meta-analysis.

When we could not find a full text, authors were contacted. When we could not 
contact the authors of the original manuscript, we contacted authors who referenced 
the study to see if they had a copy. Four studies (two conference papers and two 
reports) were not included in the meta-analysis because we could not locate copies 
of the manuscripts (George & Schaer, 1986; Hudson, 1982; Meringoff, 1982; 
Montouri, 1986). 

Inclusion Criteria

According to our operational definitions described, intervention studies were 
included based on the following criteria:
1.	 The study was experimental or (quasi-)experimental, either a between- or a 

within-subject design, and contrasted a technology-enhanced condition with a 
comparison condition;

2.	 In one condition, stories were technology-enhanced, including an orally presented 
narration, multimedia features such as animations, music, and sound effects, and/
or interactive features (e.g., questions, hotspots, games);

3.	 The comparison condition involved an orally presented narration with or without 
static illustrations;

4.	 Participants were preschool- and/or elementary school-aged children;
5.	 The study included at least one outcome measure such as (a) the child’s literacy 

skills (including story comprehension and vocabulary, and code-related literacy 
skills such as phonological awareness, letter knowledge, concepts of print, word 
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reading, or general reading skills), or (b) the child’s behavior while listening to 
the stories (including not only the child’s engagement and attention but also 
communication initiated by the child).

Parental interaction, as already discussed, was beyond the scope of the present study 
so measures of those were not included (e.g., in Chiong et al., 2012). There were no 
restrictions regarding the publication status of the manuscripts or the participants’ 
country of origin as long as the article was written in English.

Exclusion Criteria

We excluded correlational studies not comparing a technology-enhanced with a 
comparison story (Kendeou, Bohn-Gettler, White, & Van den Broek, 2008; Kim, 
Kendeou, Van den Broek, White, & Kremer, 2008), studies targeting foreign 
language learning (Jakobsdottir & Hooper, 1995; Tsou, Wang, & Tzeng, 2006), 
and studies without an eligible comparison condition (Hayes & Birnbaum, 1980; 
Matthew, 1996; Trushell, Maitland, & Burrell, 2003). We also excluded technology-
enhanced interventions focusing on expository texts (Peracchio, 1992; Silverman 
& Hines, 2009), programs that targeted explicit literacy training (Penuel et al., 
2012), or stories with only written text (Doty, Popplewell, & Byers, 2001; Lewin, 
2000; Miller, Blackstone, & Miller, 1994; Neuman, 1992) or sign language (Gentry, 
Chinn, & Moulton, 2004; Wang & Paul, 2011). Additionally, we excluded studies 
that overlapped with other studies (Choat & Griffin, 1986; Greenfield & Beagles-
Roos, 1988; Reissner, 1996; Vibbert & Meringoff, 1981), presented data already 
included in another study (Korat, Segal-Drori, & Klein, 2009), or presented data for 
children and adults together (Pratt & MacKenzie-Keaing, 1985).

In some instances, no data were available on the measure, even after contacting 
the authors (e.g., the measures of word shape concept and word element concept in 
Gong & Levy, 2009; the measure of justifications of inferences in Beagles-Roos & 
Gat, 1983; the measure of picture ordering in Meringoff, 1980; or the measure of 
child initiated communication in Chiong et al., 2012). We also could not include 
results when the measure assessed memory for information that was not presented in 
the comparison condition (e.g., nonverbal information when having an only audio 
comparison in Pezdek and Stevens, 1984; identification of the tutor when the tutor 
was not included in the comparison condition in Homer et al., 2014), or measures 
that were outside the scope of this meta-analysis (e.g., creativity in Valkenburg and 
Beentjes, 1997; characteristics of parent-child interaction in Chiong et al., 2012; or 
attitude towards computers in Karemaker et al., 2010a and towards reading in Stine, 
1993). See Appendix C for a prisma diagram of the literature search. 

Coding

We coded the following information: (a) bibliographic information (e.g., authors, year, 
and title of study, published or not, kind of publication and the country in which the 
study was conducted); (b) any possible disadvantage factors (e.g., basic information 
such as the number of participants, gender distribution, and mean age in addition to 
characteristics of the sample (e.g., socioeconomic status, intelligence, first or second 
language learners, language skills, and disabilities or developmental delays); (c) the 
design of the study (experimental or quasi-experimental and between- or within-
subject); (d) materials used in the technology-enhanced condition, including the 
kind of software used (multimedia story, television program or interactive books), 
multimedia features (animation, music and sound effects), interactive features 
(hotspots, games and questions), and whether those were relevant or irrelevant to 
story comprehension or other literacy skills, and any other technological features 
(e.g., highlighting print); (e) the number of repeated interactions with the stories; 
(f ) whether static illustrations were presented in addition to the oral narration in the 
comparison condition; and (g) outcome measures, including story comprehension 
(retelling of the story or comprehension questions), vocabulary (expressive or 
receptive vocabulary, and whether assessing book-based or general vocabulary), 
code-related literacy skills (alphabet knowledge, concepts of print, name writing, 
phonological awareness, word writing, word reading and recognition, or reading 
skills), and child’s engagement during the intervention (e.g., visual attention, skin 
conductance as indicator of arousal or communication initiated by the child).

To obtain information that was not available in the studies regarding the details 
of the technology-enhanced stories, we looked the software up on the Internet, for 
example, checking videos and demos on Youtube.com or other studies reporting on 
the same software (e.g., Talley, Lancy, & Lee, 1997, for the Stories and More software 
used in the dissertation of Stine, 1993). When more information was needed, the 
authors of the study were contacted via e-mail, if possible.

As shown in Table 1, whenever results were reported separately for subgroups 
of children, based on age (e.g., Pezdek et al., 1984; Williamson & Silvern, 1983), 
disadvantage status (e.g., Segers, Takke, & Verhoeven, 2004) or ability level (e.g., 
Verhallen & Bus, 2009b), effect sizes were calculated for each subgroup in order 
to test differences among different groups of children. When studies included two 
technology-enhanced conditions (e.g., Korat & Or, 2010; Okolo & Hayes, 1996; 
Robb, 2010), both groups were contrasted with the control group so we could test 
differences among different features of technology-enhanced stories. In such cases 
we divided the number of participants in the comparison group by two in order 
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not to include control group children twice in the analyses (for a similar procedure 
see Bakermans-Kranenburg, van IJzendoorn, and Juffer, 2003; Mol, Bus, de Jong, 
and Smeets, 2008). When there were more than one non-technology comparison 
condition in a study, the condition most similar to a traditional print book reading 
activity was chosen (e.g., the adult reading condition in Terrell and Daniloff, 1996 
and the text and accompanying illustrations condition in Williamson and Silvern, 
1983).

One technology-enhanced condition was chosen instead of including both when 
the control condition included fewer than 10 children (e.g., de Jong & Bus, 2002). 
In these cases, we chose the most technology-enhanced condition (e.g., the video 
with music and sound condition in Experiment 2 in Smeets et al., 2014; the Kinect 
with activities condition in Homer et al., 2014; the interactive condition in Ricci 
and Beal, 2002; the helpful video condition in Sharp et al., 1995, or the technology 
condition including an adult such as the adult-led e-book condition in Moody et 
al., 2010). However, in the study by de Jong and Bus (2002) the restricted/no-game 
electronic book condition was chosen because when children had the option to play 
with the games, they hardly spent time listening to the story. Another exception 
was the study described in Caplovitz (2005); we merged two technology-enhanced 
story conditions in this study as the difference between the two, instruction for the 
parents on how to use the talking book, was not considered a potential moderator 
in the present meta-analysis. In the Gong and Levy (2009) study, the bouncing 
ball condition was chosen for the technology-enhanced condition because the 
bouncing ball jumping from word to word while they are read aloud was regarded as 
highlighting the text. The other conditions in this study, including violations in the 
written text on screen, were considered fundamentally different from the technology-
enhanced story conditions and therefore not included. 

All studies were coded by two independent coders to assess inter-rater reliability. 
Full agreement was reached for study eligibility. For further coding, agreement was 
on average κ = .77, ranging from κ = .65 for the materials used in the technology 
condition to κ = .99 for bibliographic information. Disagreements were settled in 
discussion. 

Meta-Analytic Procedures

The dependent variable in the present meta-analysis was the difference in mean 
score between the technology-enhanced condition and the condition similar to a 
traditional print book reading activity. As different outcome measures were included 
with different scales, the standardized mean difference, Hedges’ g, was calculated 

for each contrast between the two conditions. To calculate Hedges’ g, raw post-test 
means and standard deviations were favored over other statistics, but in some cases, 
only frequency distributions, F, t, chi-square statistics (e.g., Segers et al., 2006), or 
gain scores in the two conditions (e.g., Critelli, 2011) were available. In the case of 
gain scores, we calculated the difference between the average gains in the technology-
enhanced and comparison condition (Morris & DeShon, 2002). We entered the 
available statistics in the Comprehensive Meta-Analysis software, Version 2.0 
(Borenstein, Hedges, Higgins, & Rothstein, 2005), which calculated Hedges’ g for 
each contrast for each outcome variable, as presented in Table 1. We preferred Hedges’ 
g to alternatives because Ns were rather small. If two or more outcome measures were 
available in one study, the effect sizes for the different measures were averaged to 
compute an overall effect for the study. Interpretation of Hedges’ g statistics is similar 
to that of Cohen’s d. In previous meta-analyses of print exposure, effect sizes averaged 
around d = .50 (Bus et al., 1995; Mol & Bus, 2011). We expected a small advantage 
of technology-enhanced compared to more traditional print book reading.

A positive effect size indicated an advantage for the technology-enhanced 
condition to a condition more similar to traditional print book reading. The effect 
sizes for all separate outcome measures were inspected for outliers, which resulted in 
eight outlying values (with a standardized residual exceeding ± 3.29; Tabachnick & 
Fidell, 2007). The most extreme value, the effect size for looking time at the screen 
or the book in the study of Homer et al. (2014; i.e., Hedges’ g = 22.00) was excluded 
from further analysis. The outlying effect size resulted from the small standard 
deviation of this variable. All other outliers were winsorized into values of .01 higher, 
or lower in the case of the one negative effect size, than the highest or the lowest 
non-outlying effect size. Results were averaged for four sets of outcome measures: 
story comprehension, vocabulary, code-related literacy skills, and children’s behavior 
during reading session. We also differentiated expressive and receptive vocabulary 
measures because there is some evidence that these two measures reflect different 
levels of word knowledge (Verhallen & Bus, 2010).

Overall effect sizes and 95% confidence intervals were computed based on 
the random effects model (Lipsey & Wilson, 2001; Raudenbush, 2009). This 
model takes into account the variation between studies as a result of differences in 
participants, study design, and intervention characteristics, in addition to within-
study variance (Borenstein, Hedges, Higgins, & Rothstein, 2009). Heterogeneity of 
the effect sizes was estimated using the Q-statistic, with a significant Q indicating a 
heterogeneous effect, which means that more variability is found within the included 
studies than may be expected from sampling error on a subject level only (Lipsey & 
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Wilson, 2001). Studies were weighted by the inverse of their variance, so that studies 
with larger sample sizes and more accurate estimates of population parameters had a 
greater weight on the mean effect size (Lipsey & Wilson, 2001; Shadish & Haddock, 
2009).

It is called publication bias when studies with significant and/or large findings 
are overrepresented because those are more likely to get published (Borenstein et 
al., 2009). Publication bias can be observed by visual examination of the funnel 
plot. In case of asymmetry around the mean effect size, Duval and Tweedie’s (2000) 
Trim and Fill procedure was used to adjust the overall effect size for publication 
bias. Additionally, the classic fail-safe N was calculated to have an indication of the 
confidence of the effect. The fail-safe N shows how many studies showing null effects 
would be needed to turn a significant effect size into a non-significant one. A fail-
safe number of 5k + 10 is considered robust, where k is the number of studies in the 
meta-analysis (Rosenthal, 1979).

Moderator analyses were performed using a random effects model to contrast 
subsamples based on different categorical study variables. Only moderator variables 
that had at least four contrasts in one cell were used (cf. Bakermans-Kranenburg et 
al., 2003). For continuous study variables, as for example, publication year, a meta-
regression analysis was performed. Moderators were significant in cases of categorical 
variables, if Qbetween, or, for continuous variables, the regression model was significant.

Results

Preliminary Analyses

The search resulted in 43 studies, including 57 effects, published between 1980 and 
2014. All contrasts are shown in Table 1. Eight contrasts came from dissertations, 
two from a research report, and 47 from journal articles. One of the studies used a 
quasi-experimental design (Stine, 1993); all other studies had an experimental design. 
Twenty-four studies were conducted in the United States and three in the United 
Kingdom, all including interventions in English. Eleven studies were conducted in 
the Netherlands with interventions in Dutch, and five studies originated from Israel 
with interventions in Hebrew. In total, 2,147 children between 3 and 10 years of age 
were included in the meta-analysis. The average sample size of the primary studies 
was 38.34 children (SD = 21.52). The mean number of repeated readings of the same 
story during the interventions was 2.30 (SD = 1.65).

To test for publication bias, all effect sizes were transformed into Fisher’s Z. 
Inspection of the funnel plot showed an even distribution of the effect sizes and no 
studies were imputed. The number of missing studies that would turn an overall effect 
for all contrasts non-significant was Nfs = 344, which is a robust effect according to 
Rosenthal’s (1979) criterion. Publication status (i.e., journal article vs. non-refereed 
publications such as dissertations) was not a significant moderator, Qbetween(1) = 0.26, 
p = .61, indicating no evidence of publication bias. To test for other biases, moderator 
analyses were performed for subject design (within vs. between) and country, and 
meta-regression analyses were performed for publication date, number of repeated 
readings, and sample size. No significant regression models or moderators were 
found, except for design. On average, studies with a between-subject design yielded 
an average effect of 0.33, k = 40, SE = 0.08, 95% CI = [0.17, 0.48], p < .01, which 
was significantly higher than studies incorporating a within-subject design, g+ = 
-0.02 k = 17, SE = 0.11, 95% CI = [-0.24, 0.21], p = .89), Qbetween(2) = 6.25, p = .01. 
A likely explanation for this design effect is the role of interactive features as will 
be shown hereafter: two-thirds of the within-subject design experiments included 
interactive features, in contrast, less than half of the between-subject design studies 
featured interactive elements.
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Figure 1. The effect of technology added to stories as compared to a more traditional story 
sharing comparison condition on various outcome measures.
Note. *p < .05

The Effect of Technology Added to Stories for Young Children

To answer the first research question, we inspected the average effect sizes regarding 
the differences between technology-enhanced stories and more traditional story 
presentations on children’s literacy outcomes. See Table 2 and Figure 1 for a summary 
of the findings.

Story comprehension. Thirteen contrasts assessed story comprehension with story 
retelling measures, nine contrasts used story comprehension questions, and 15 were 
based on a combination of the two. Technology had a small but significant effect 
on children’s story comprehension (see Table 2). As this effect was heterogeneous, 
Q(37) = 96.21, p < .01, we conducted a moderator analysis to test the effect of 
assessment. For one contrast, we were unable to code how story comprehension 
was measured due to insufficient information. Excluding that contrast, a moderator 
analysis revealed that there was no significant difference among the contrasts based on 
retelling, comprehension questions, or a combination of these measures, Qbetween(1) 
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= 1.60, p = .45. A second moderator analysis comparing disadvantaged with non-
disadvantaged children also did not indicate a significant difference in effectiveness 
of technology (see Table 2).

Vocabulary learning. For one contrast with vocabulary as outcome measure, 
there was not sufficient information to code whether the measure assessed receptive 
or expressive word knowledge, so this contrast was excluded from further analysis. 
Seven contrasts were based on book-based receptive vocabulary and two contrasts 
targeted general receptive vocabulary. Technology did not have a significant 
additional effect on receptive vocabulary as compared to more traditional storybook 
reading conditions.

With regard to expressive vocabulary, 15 contrasts targeted book-based expressive 
word knowledge and three contrasts were based on a combination of book-based 
and general expressive vocabulary. The average effect size for expressive vocabulary 
equaled 0.20. This effect was heterogeneous, Q(16) = 28.81, p = .04, so moderator 
analyses were performed. There was a significant effect for disadvantaged children, 
but not for non-disadvantaged children, and this difference was not significant (see 
Table 2). As the effect found for disadvantaged children was heterogeneous, Q(12) 
= 25.54, p = .01, we inspected differences between subsamples. A significant effect 
was found for children who were at risk because of environmental factors like low 
parental education, g+ = 0.35, k = 10, SE = 0.15, 95% CI = [0.06, 0.65], p = .02. 
There were only three contrasts including samples with developmental delays or 
learning problems with a non-significant average effect size, g+ = 0.06, SE = 0.27, 
95% CI = [-0.47, 0.59], p = .82. Therefore, the kind of disadvantage could not be 
tested as a moderator for expressive vocabulary outcomes. Due to the low number 
of studies including a general expressive vocabulary measure, a moderator analysis 
contrasting only book-based and a mix of book-based and general word knowledge 
could not be carried out.

Code-related literacy skills. Of the 14 contrasts with code-related literacy as 
the outcome measure, one contrast targeted letter knowledge, one phonological 
awareness measures, one word reading skills, and 11 a combination of measures 
tapping phonological awareness, word reading and recognition, word writing, name 
writing, letter knowledge, and print concepts. The combined effect for the 14 contrasts 
measuring the additional effect of technology was not significant. As the effect was 
heterogeneous, Q(13) = 23.65, p = .03, we tested effects in disadvantaged and non-
disadvantaged groups separately. For disadvantaged children, the effect of technology 
did not attain significance. For non-disadvantaged children, the difference was not 
significant, neither was the difference between the groups (see Table 2).Ta
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Child engagement and communication during reading. Of the 12 contrasts 
related to engagement and communication, five targeted communication initiated 
by the child; six targeted children’s engagement during reading including on-task 
behavior, looking at the material or skin conductance; and one contrast was based on 
a combination of the two. There was no significant effect of the technology-enhanced 
condition on child engagement and communication during reading. The effect was 
heterogeneous, Q(11) = 50.55, p < .01. However, there were not enough contrasts to 
compare the effect of technology for disadvantaged and non-disadvantaged children.

The Role of Multimedia and Interactive Features

To answer the second and third research questions, the effects of multimedia and 
interactive features were compared. For a summary of the findings see Figure 2.

Story comprehension. As the effect of the technology-enhanced condition 
on story comprehension was heterogeneous, we tested the differences among 
stories including only multimedia, only interactive features, and the ones with 

Figure 2. The effects of multimedia, multimedia-interactive and only-interactive stories on 
story comprehension and expressive vocabulary measures.
Note. **p < .01

both multimedia and interactive features. This test revealed a significant contrast, 
Qbetween(2) = 12.10, p < .01. As shown in Table 3, stories including only multimedia 
had a positive additional effect on story comprehension compared to more traditional 
story sharing activities, g+ = 0.39, whereas this effect was not significant for stories 
including both multimedia and interactive features. As the effect in the multimedia 
condition was heterogeneous, Q(20) = 41.03, p < .01, another moderator analysis 
was conducted to assess whether the control conditions—only oral text or oral text 
plus static illustrations—made a difference for the effect of multimedia. However, 
the presence of illustrations in the comparison condition was not a significant 
moderator, Qbetween = 0.11, p = .74. Multimedia stories had a significant advantage 
over both only orally presented stories, g+ = 0.43, k = 9, SE = 0.14, 95% CI = [0.15, 
0.71], p < .01, and stories presented with static illustrations, g+ = 0.36, k = 12, SE = 
0.14, 95% CI = [0.08, 0.64], p = .01. 

As shown in Figure 3, for non-disadvantaged children, the difference between 
multimedia stories, g+ = 0.28, k = 14, SE = 0.10, 95% CI = [0.10, 0.47], p < .01, and 
stories that also included interactive features, g+ = -0.04, k = 8, SE = 0.13, 95% CI 
= [-0.29, 0.21], p = .74, was significant, Qbetween(1) = 4.18, p = .04. However, in the 
disadvantaged group multimedia stories revealed much higher scores than interactive 
stories; the difference was slightly less than a whole point. For disadvantaged children 

Figure 3. The effects of multimedia and multimedia-interactive stories on disadvantaged and 
non-disadvantaged children’s story comprehension.
Note. *p < .05, **p < .01
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the difference was significant, Qbetween (1) = 7.22, p < .01, with a strong additional effect 
of multimedia stories, g+ = 0.66, k = 7, SE = 0.23, 95% CI = [0.21, 1.11], p < .01, 
and a non-significant effect for stories also including interactive features. We could 
not test differences between children growing up in disadvantaged environments and 
children with developmental delays or learning difficulties because only one study 
that included children with developmental delays or learning difficulties assessed 
story comprehension.

To investigate the effect of the congruity of interactive features with the story 
content on story comprehension, interactive stories with only relevant features were 
compared with stories including irrelevant interactive elements. Stories including only 
irrelevant or both relevant and irrelevant features did not have a significant effect, g+ 
= -0.21, k = 7, SE = 0.17, 95% CI = [-0.54, 0.13], p = .22. More surprisingly, stories 
with only relevant features did not have a significant additional effect compared to 
more traditional stories either, g+ = -0.06, k = 10, SE = 0.13, 95% CI = [-0.32, 0.21], 
p = .67. Relevance was not a significant moderator, Qbetween (1) = 0.49, p = .48.

Expressive vocabulary learning. We tested the difference between multimedia-
only and multimedia-interactive stories on expressive vocabulary as the overall 
effect was heterogeneous. Although the contrast was not significant, Qbetween (1) 
= 0.26, p = .61, a similar trend appeared. As shown in Table 3, multimedia-only 
stories showed a significant advantage over more traditional stories on expressive 
word learning; in contrast, multimedia-interactive stories did not. We could not 
test whether characteristics of the control condition, only oral text or oral text plus 
static illustrations made a difference for the effect of multimedia on expressive word 
learning because there were no contrasts with only oral text.

For disadvantaged children there were not enough contrasts with multimedia-
interactive stories to test the difference between multimedia-only and multimedia-
interactive stories. However, for these groups of children multimedia-only stories 
showed a significant advantage over traditional story materials on expressive word 
learning, g+ = 0.32, k = 10, SE = 0.15, 95% CI = [0.03, 0.62], p = .03. We could 
not test differences between children growing up in disadvantaged environments and 
children with developmental delays or learning difficulties because only two contrasts 
including children with developmental delays or learning difficulties targeted 
expressive vocabulary. For non-disadvantaged children there were only two contrasts 
including a multimedia-only story and three contrasts including a multimedia-
interactive story, so the presence of interactive features could not be tested. The effect 
of the relevance of interactive features could not be tested on expressive vocabulary 
either because there were only two contrasts including irrelevant interactive features. Ta
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Again, the average effect size of interactive stories including only relevant features 
was not significant, g+ = 0.04, k = 4, SE = 0.14, 95% CI = [-0.23, 0.31], p = .77.

Discussion

The present study synthesized the available empirical evidence on how technology 
added to narratives changes the effects of listening to stories on young children’s literacy 
development. In 43 studies including 2,147 children, we found a small, significant 
positive additional effect of technology on measures of story comprehension and 
expressive vocabulary. Although small, the mean effect size is of great relevance as they 
reflect the additional effect of technology on top of the benefits of more traditional 
story presentations. So in reply to the first research question, we found evidence 
that technology can enhance the effects of storybooks on young children’s literacy 
development. In addition, it is worth noting that these effects were heterogeneous, 
which may reflect the wide variety of technology-enhanced stories and measures 
used in the studies. This result underscores the relevance of investigating the effects 
of different technological features on literacy development.

We found no significant advantage of technology-enhanced stories on receptive 
vocabulary, code-related literacy skills, or behavior during listening to the story. 
The small overall effects of technology on comprehension and expressive word 
learning are in line with a previous meta-analysis showing small to moderate effects 
on comprehension-related outcomes (Zucker et al., 2009). The non-significant 
finding for receptive vocabulary might result from ceiling effects: scores on receptive 
knowledge of words are high even after a more traditional story presentation 
(Verhallen & Bus, 2010). Technology-enhanced stories did not have a significant 
effect on code-related literacy skills, probably because most studies in the meta-
analysis measuring these skills used programs with interactive features. Although 
this finding makes sense given the practice that suffices for the development of 
code-related skills, it also means that code-related skills and interactive features were 
confounded in the present study. Finally, technology did not contribute significant 
additional variance to children’s engagement or communication during the reading 
session. This outcome suggests that the effects of technology on literacy skills may 
not be a function of increased attention and excitement while listening to the story, 
although technology can be beneficial for cognitive processing of the information in 
the story.

Multimedia and Interactive Features

Multimedia stories had a significant positive effect as compared to more traditional 
presentations on story comprehension, and expressive vocabulary, whereas 
interactivity combined with multimedia and interactive-only stories did not 
significantly differ from the non-technological comparison conditions. As the 
moderator, static illustrations available in the comparison condition or not, was not 
significant, multimedia-only stories had a significant advantage over traditional print 
books including static illustrations. Thus, the advantage of multimedia-enhanced 
stories was not due to the addition of illustrations but to features that can only be 
realized with the help of multimedia (e.g., animated pictures, sounds and music). 
Children from disadvantaged family environments (low SES and/or immigrant, 
bilingual families) benefited most from multimedia, which had a moderately strong 
effect on story comprehension and a small effect on expressive vocabulary. Thus, 
multimedia elements were found to be beneficial additions to stories with small to 
moderate effect sizes. 

This finding supports our hypothesis that extra nonverbal information such as 
animated visualizations, background sounds, and music, as long as congruent with 
the narration, aid children’s comprehension, especially when children are at risk of 
language delays. This finding also aligns with the multimedia learning theory (Mayer, 
2003), which proposes that the stronger match between verbal and nonverbal 
information in multimedia stories, compared to stories with static pictures, supports 
learning (Bus et al., 2014). Thus, instead of causing cognitive overload, nonverbal 
information optimally attuned to the narration is beneficial for learning. Multimedia 
may not be helpful when the nonverbal information is not designed in a way to attract 
attention to details that illustrate the story text (Bus et al., 2014). We were unable 
to test the prediction that only when nonverbal information closely corresponds to 
the narration, multimedia stories enhance effects of story reading because we were 
unable to code whether animations and sound effects were supportive of the oral text 
or had a purely decorative function in the primary studies.

Regarding the third research question, interactive elements did not make a 
significant contribution to the effects of listening to a story, even when combined with 
multimedia features. Interactive features negatively affected story comprehension 
and expressive word learning, probably because interactivity may interfere with the 
line of the story and children’s processing of the narrative. Strikingly, even interactive 
features designed to develop story understanding and literacy skills do not seem 
to enhance the effects of listening to stories. These results confirm that interactive 
features are possible distractors from the story, whether they are relevant to the story 
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and developing literacy skills or not. These findings are in line with the cognitive 
load theory (Sweller, 2005) and support our conclusion regarding interactivity, that 
is, interactive elements seem to distract from understanding the story and result in 
cognitive overload in the child (Bus et al., 2014). This outcome is probably because 
the processing of games and extra animations can be considered as extraneous 
materials that interfere with the processing of the story content (Mayer & Moreno, 
2003). Bus and colleagues (2014) proposed that interactive features in technology-
enhanced stories are distracting, probably most when there is an abundance of 
possibilities for interaction, because the child is required to juggle two tasks at the 
same time: listening to a story and engaging with interactive elements like games and 
hotspots. This finding may also explain why positive effects of multimedia fade out 
when books include interactivity. 

Disadvantaged Children

Larger effect sizes were found in groups of disadvantaged children as compared to the 
mean effect sizes in the samples as a whole. Although the effect of technology on story 
comprehension for disadvantaged children was similar to the effect found for non-
disadvantaged children, the same effect on expressive vocabulary was only significant 
for the disadvantaged groups. Likewise, the effects multimedia and interactive 
features have on story comprehension were larger for disadvantaged groups. There 
was a trend suggesting that disadvantaged children profited more from multimedia 
stories on story comprehension as compared to non-disadvantaged children, but the 
difference was not significant.

Although not significant, disadvantaged children tended to be also more 
distracted by interactive features than non-disadvantaged children, suggesting not 
only no advantage but also a disadvantage of interactivity for disadvantaged children 
but not for non-disadvantaged groups. To further illustrate this, for disadvantaged 
groups the difference between the effects of multimedia and interactive-multimedia 
stories on story comprehension was almost a whole point; in contrast, this difference 
was significant but small for non-disadvantaged groups of children. When results 
were further inspected for different groups of disadvantaged children, we found that 
this pattern was most pronounced in the group that was at risk due to environmental 
factors like SES and immigrant status or growing up in bilingual families. Due 
to the small number of studies targeting children with developmental delays and 
learning difficulties, the role of multimedia and interactive features could not be 
tested for this group. These children might also benefit from multimedia-only stories 
but, alternatively, it may be that technological additions to stories do not provide 
sufficient support for children with serious disabilities.

In the present meta-analysis, children from low socioeconomic status and 
immigrant families and children already experiencing a lag in language and literacy 
development were considered disadvantaged. These children might have smaller 
vocabularies and may be experiencing difficulties understanding the sophisticated 
language of narrative stories, which seem to make them more sensitive to the effects 
of multimedia and interactive features. In sum, both the benefits of multimedia and 
the pitfalls of interactive features tend to be elevated for disadvantaged children.

Limitations

Due to the limited number of primary studies available, we could not assess the 
separate effects of different kinds of multimedia (e.g., animation, music and sound 
effects) and interactive features (e.g., games, hotspots, dictionary function), nor the 
effects of how well they correspond to the narration. Moreover, the participants 
consisted of a broad range of disadvantaged children with different risk factors like 
low SES, second language learner immigrants, children with small vocabularies in 
addition to struggling beginning readers and children with learning disabilities, severe 
language impairments, special needs and developmental delays. Thus, they were not 
a homogenous group of children, and technological additions may have different 
effects for different risk statuses (e.g., Smeets et al., 2014). More specific results were 
reported for groups of disadvantaged children who are at risk of developing language 
delays and learning problems and for groups showing delays and difficulties. Still, a 
larger number of primary studies may enable more fine-grained analyses leading to a 
thorough understanding of the effects of different technological features, specifically 
for different groups of at-risk children.

Conclusion

Technology provides a small but significant addition to the effects of listening to stories 
on young children’s literacy development and especially on story comprehension and 
expressive word learning, evidencing the potential of electronic stories and books. 
Multimedia features such as animated illustrations and music and sound effects 
were found to be beneficial; in contrast, interactive elements such as hotspots and 
games—even the ones that are intended to facilitate understanding of the story 
content—were not. Moreover, children who were at risk of language and literacy 
delays, especially due to disadvantaged family backgrounds, were shown to be more 
sensitive to both the benefits and the pitfalls of technological additions: multimedia 
elements were especially helpful and interactive features were especially distracting 
for these children. Developers of technology-enhanced stories and individuals who 
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have the responsibility for selecting high quality electronic stories should choose 
ones without interactive features that might distract children from the story and opt 
for stories with multimedia support that is congruent with the story and provides 
nonverbal scaffolding for children to understand the story.

References

References marked with an asterisk (*) indicate studies included in the meta-analysis.

Adam, N., & Wild, M. (1997). Applying CD-ROM interactive storybooks to learning 
to read. Journal of Computer Assisted Learning, 13, 119-132. doi:10.1046/j.1365-
2729.1997.00014.x

Bakermans-Kranenburg, M. J., van IJzendoorn, M. H., & Juffer, F. (2003). Less is more: 
Meta-analyses of sensitivity and attachment interventions in early childhood. Psychological 
Bulletin, 129, 195-215. doi:10.1037/0033-2909.129.2.195 

*Beagles-Roos, J., & Gat, I. (1983). Specific impact of radio and television on children’s story 
comprehension. Journal of Educational Psychology, 75, 128-137. doi:10.1037//0022-
0663.75.1.128  

Borenstein, M., Hedges, L. V., Higgins, J. P. T., & Rothstein, H. R. (2005). Comprehensive 
Meta-Analysis (Version 2) [Computer Software]. Englewood, NJ: Biostat. 

Borenstein, M., Hedges, L. V., Higgins, J. P. T., & Rothstein, H. R. (2009). Introduction to 
meta-analysis. Chichester, UK: Wiley.

Bus, A. G., Takacs, Z. K., & Kegel, C. A. T. (2014). Affordances and limitations of electronic 
storybooks for young children’s emergent literacy. Developmental Review. doi:10.1016/j.
dr.2014.12.004

Bus, A. G., van IJzendoorn, M., & Pellegrini, A. (1995). Joint book reading makes for success 
in learning to read: A meta-analysis on intergenerational transmission of literacy. Review 
of Educational Research, 65, 1-21. doi:10.3102/00346543065001001 

*Caplovitz, A. G. (2005). The effects of using an electronic talking book on the emergent literacy 
skills of preschool children (Doctoral dissertation). Retrieved from Proquest Dissertations 
and Theses Global (UMI: 3187831).

*Chiong, C., Ree, J., Takeuchi, L., & Erickson, I. (2012). Comparing parent-child co-reading 
on print, basic, and enhanced e-book platforms. Retrieved from the Joan Ganz Cooney 
Center website: http://www.joanganzcooneycenter.org/wp-content/uploads/2012/07/
jgcc_ebooks_quickreport.pdf

Choat, E., & Griffin, H. (1986). Young children, television and learning: Part II. Comparison 
of the effects of reading and story telling by the teacher and television story viewing. 
Journal of Educational Television, 12, 79-104. doi:10.1080/0260741860120203 

*Critelli, K. (2011). The effect of multimedia e-books on the acquisition of early literacy skills 
(Master’s thesis). Retrieved from Proquest Dissertations and Theses Global (UMI: 
1500577). 

*De Jong, M. T., & Bus, A. G. (2002). Quality of book-reading matters for emergent readers: 
An experiment with the same book in a regular or electronic format. Journal of Educational 
Psychology, 94, 145-155. doi:10.1037//0022-0663.94.1.145 

De Jong, M. T., & Bus, A. G. (2003). How well suited are electronic books to supporting literacy? 
Journal of Early Childhood Literacy, 3, 147-164. doi:10.1177/14687984030032002 

*De Jong, M. T., & Bus, A. G. (2004). The efficacy of electronic books in fostering 
kindergarten children’s emergent story understanding. Reading Research Quarterly, 39, 
378-393. doi:10.1598/rrq.39.4.2 



C
h
a
p
t
e
r
 
3

87

Benefits and Pitfalls of Multimedia and Interactive Features

86

Doty, D. E., Popplewell, S. R., & Byers, G. O. (2001). Interactive CD-ROM storybooks and 
young readers’ reading comprehension. Journal of Research on Computing in Education, 
33, 374-384. Retrieved from http://www.tandfonline.com/doi/abs/10.1080/08886504.
2001.10782322#.VAgmmvl5Wpo 

Duval, S., & Tweedie, R. (2000). A nonparametric “trim and fill” method for accounting 
for publication bias in meta-analysis. Journal of the American Statistical Association, 95, 
89–98. doi:10.2307/2669529 

*Gazella, J., & Stockman, I. J. (2003). Children’s story retelling under different modality and 
task conditions: Implications for standardizing language sampling procedures. American 
Journal of Speech-Language Pathology, 12, 61-72. doi:10.1044/1058-0360(2003/053)

Gentry, M. M., Chinn, K. M., & Moulton, R. D. (2004). Effectiveness of multimedia 
reading materials when used with children who are deaf. American Annals of the Deaf, 
149, 394-403. doi:10.1353/aad.2005.0012 

George, Y., & Schaer, B. (1986, November). An investigation of imposed-induced imagery 
methods on kindergarten children’s recall of prose content. Paper presented at the Annual 
Meeting of the Mid-South Educational Research Association, Memphis, TN.

*Gibbons, J., Anderson, D. R., Smith, R., Field, D. E., & Fischer, C. (1986). Young children’s 
recall and reconstruction of audio and audiovisual narratives. Child Development, 57, 
1014-1023. doi:10.1111/j.1467-8624.1986.tb00262.x 

*Gong, Z., & Levy, B. A. (2009). Four year old children’s acquisition of print knowledge 
during electronic storybook reading. Reading and Writing, 22, 889-905. doi:10.1007/
s11145-008-9130-1  

Greenfield, P., & Beagles-Roos, J. (1988). Radio vs. television: Their cognitive impact on 
children of different socioeconomic and ethnic groups. Journal of Communication, 38, 
71-92. doi:10.1111/j.1460-2466.1988.tb02048.x 

Guernsey, L., Levine, M., Chiong, C., & Severns, M. (2012). Pioneering literacy in the digital 
wild west: Empowering parents and educators. Retrieved from The Joan Ganz Cooney 
Center website: http://www.joanganzcooneycenter.org/wp-content/uploads/2012/12/
GLR_TechnologyGuide_final.pdf

Hayes, D. S., & Birnbaum, D. W. (1980). Preschoolers’ retention of televised events: Is a picture 
worth a thousand words? Developmental Psychology, 16, 410-416. doi:10.1037//0012-
1649.16.5.410 

*Hayes, D. S., Kelly, S. B., & Mandel, M. (1986). Media differences in children’s story 
synopses: Radio and television contrasted. Journal of Educational Psychology, 78, 341-346. 
doi:10.1037//0022-0663.78.5.341 

*Homer, B. D., Kinzer, C. K., Plass, J. L., Letourneau, S. M., Hoffman, D., Bormley, 
M.,...Kornak, Y. (2014). Moved to learn: The effects of interactivity in a Kinect-based 
literacy game for beginning readers. Computers & Education, 74, 37-49. doi:10.1016/j.
compedu.2014.01.007 

Hudson, T. J. (1982). Pictures, spoken word and electronic print: A combination of presentation 
modes in educational television. Retrieved from http://eric.ed.gov/?id=ED236719 

Jakobsdottir, S., & Hooper, S. (1995). Computer-assisted foreign language learning: Effects 
of text, context, and gender on listening comprehension and motivation. Educational 
Technology Research and Development, 43(4), 43-59. doi:10.1007/bf02300490 

Kamil, M., Intractor, S., & Kim, H. (2000). The effects of other technologies on literacy and 
literacy learning. In M. Kamil, P. Mesenthal, D. Reason, and R. Bar (Eds.), Handbook 
of reading research (Vol. 3, pp. 771-788). Mahwah, NJ: Lawrence Erlbaum Associates 
Publishers.

*Karemaker, A., Pitchford, N. J., & O’Malley, C. (2008). Using whole-word multimedia 
software to support literacy acquisition: A comparison with traditional books. Educational 
and Child Psychology, 25(3), 101-122. Retrieved from http://www.academia.edu/199540/
Using_whole-word_multimedia_software_to_support_literacy_acquisition_A_
comparison_with_traditional_books

*Karemaker, A., Pitchford, N. J., & O’Malley, C. (2010a). Enhanced recognition of 
written words and enjoyment of reading in struggling beginner readers through whole-
word multimedia software. Computers & Education, 54, 199-208. doi:10.1016/j.
compedu.2009.07.018 

*Karemaker, A., Pitchford, N. J., & O’Malley, C. (2010b). Does whole-word multimedia 
software support literacy acquisition? Reading and Writing, 23, 31-51. doi:10.1007/
s11145-008-9148-4 

Kim, O., Kendeou, P., van den Broek, P., White, M. J., & Kremer, K. (2008). Cat, rat, and 
rugrats: Narrative comprehension in young children with Down syndrome. Journal of 
Developmental and Physical Disabilities, 20, 337-351. doi:10.1007/s10882-008-9101-0 

Kendeou, P., Bohn-Gettler, C., White, M. J., & van den Broek, P. (2008). Children’s 
inference generation across different media. Journal of Research in Reading, 31, 259-272. 
doi:10.1111/j.1467-9817.2008.00370.x 

*Korat, O., & Or, T. (2010). How new technology influences parent—child interaction: The 
case of e-book reading. First Language, 30, 139-154. doi:10.1177/0142723709359242 

Korat, O., Segal-Drori, O., & Klien, P. (2009). Electronic and printed books with and 
without adult support as sustaining emergent literacy. Journal of Educational Computing 
Research, 41, 453-475. doi:10.2190/ec.41.4.d 

Korat, O., & Shamir, A. (2004). Do Hebrew electronic books differ from Dutch electronic 
books? A replication of a Dutch content analysis. Journal of Computer Assisted Learning, 
20, 257-268. doi:10.1111/j.1365-2729.2004.00078.x 

*Korat, O., & Shamir, A. (2007). Electronic books versus adult readers: Effects on children’s 
emergent literacy as a function of social class. Journal of Computer Assisted Learning, 23, 
248-259. doi:10.1111/j.1365-2729.2006.00213.x 

Korat, O., & Shamir, A. (2008). The educational electronic book as a tool for supporting 
children’s emergent literacy in low versus middle SES groups. Computers & Education, 50, 
110-124. doi:10.1016/j.compedu.2006.04.002 

*Korat, O., Shamir, A., & Heibal, S. (2013). Expanding the boundaries of shared book 
reading: E-books and printed books in parent–child reading as support for children’s 
language. First Language, 33, 504-523. doi:10.1177/0142723713503148 

Labbo, L. D., & Kuhn, M. R. (2000). Weaving chains of affect and cognition: A young 
child’s understanding of CD-ROM talking books. Journal of Literacy Research, 32, 187 - 
210. doi:10.1080/10862960009548073 

Lewin, C. (2000). Exploring the effects of talking book software in UK primary classrooms. 
Journal of Research in Reading, 23, 149-157. doi:10.1111/1467-9817.00111 

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



C
h
a
p
t
e
r
 
3

89

Benefits and Pitfalls of Multimedia and Interactive Features

88

Matthew, K. I. (1996). The impact of CD-ROM storybooks on children’s reading 
comprehension and reading attitude. Journal of Educational Multimedia and Hypermedia, 
5, 379-394. Retrieved from http://www.editlib.org/noaccess/8906/ 

Mayer, R. E. (2003). The promise of multimedia learning: using the same instructional design 
methods across different media. Learning and Instruction, 13, 125-139. doi:10.1016/
s0959-4752(02)00016-6 

Mayer, R. E. (2005). Principles for reducing extraneous processing in multimedia learning: 
coherence, signaling, redundancy, spatial contiguity, and temporal contiguity principles. 
In R. E. Mayer (Ed.), The Cambridge handbook of multimedia learning. New York, NY: 
Cambridge University Press. 

Mayer, R. E., & Moreno, R. (2003). Nine ways to reduce cognitive load in multimedia 
learning. Educational Psychologist, 38, 43-52. doi:10.1207/s15326985ep3801_6 

*Meringoff, L. K. (1980). Influence of the medium on children’s story apprehension. Journal 
of Educational Psychology, 72, 240-249. doi:10.1037//0022-0663.72.2.240 

Meringoff, L. K. (1982, March). What pictures can and can’t do for children’s story understanding. 
Paper presented at the Annual Meeting of the American Educational Research Association, 
New York, NY.

Miller, L., Blackstock, J., & Miller, R. (1994). An exploratory study into the use of CD-ROM 
storybooks. Computers & Education, 22, 187-204. doi:10.1016/0360-1315(94)90087-6  

Mol, S. E., & Bus, A. G. (2011). To read or not to read: A meta-analysis of print exposure 
from infancy to early adulthood. Psychological Bulletin, 137, 267-296. doi:10.1037/
a0021890 

Mol, S. E., Bus, A. G., de Jong, M. T., & Smeets, D. J. H. (2008). Added value of parent-
child dialogic book readings: A meta-analysis. Early Education and Development, 19, 
7-26. doi:10.1080/10409280701838603

Montouri, N. (1986). Video storytime vs. reading storytime. Retrieved from http://eric.
ed.gov/?id=ED316215

*Moody, A., Justice, L. M., & Cabell, S. Q. (2010). Electronic versus traditional storybooks: 
Relative influence on preschool children’s engagement and communication. Journal of 
Early Childhood Literacy, 10, 294-313. doi:10.1177/1468798410372162 

Morris, S. B., & DeShon, R. P. (2002). Combining effect size estimates in meta-analysis 
with repeated measures and independent-groups designs. Psychological Methods, 7, 105. 
doi:10.1037//1082-989X.7.1.105

*Neuman, S. B. (1989). The impact of different media on children’s story comprehension. 
Reading Research and Instruction, 28(4), 38-47. doi:10.1080/19388078909557985 

Neuman, S. B. (1992). Is learning from media distinctive? Examining children’s 
inferencing strategies. American Educational Research Journal, 29, 119-140. 
doi:10.3102/00028312029001119 

*Noel, M. J. (2013). Does medium matter? Increasing preschoolers’ vocabulary during shared 
storybook reading using electronic and print formats (Master’s thesis). Retrieved from 
Proquest Dissertations and Theses Global (UMI: 1542566). 

*Okolo, C., & Hayes, R. (1996, April). The impact of animation in CD-ROM books on 
students’ reading behaviors and comprehension. Paper presented at the Annual International 
Convention of the Council for Exceptional Children, Orlando, FL.

Paivio, A. (2007). Mind and its evolution: A dual coding theoretical approach. Mahwah, NJ: 
Lawrence Erlbaum Associates Publishers.

*Parish-Morris, J., Mahajan, N., Hirsh-Pasek, K., Golinkoff, R. M., & Collins, M. F. (2013). 
Once upon a time: Parent–child dialogue and storybook reading in the electronic era. 
Mind, Brain, and Education, 7, 200-211. doi:10.1111/mbe.12028 

Penuel, W. R., Bates, L., Gallagher, L. P., Pasnik, S., Llorente, C., Townsend, E., . . . Van der 
Borght, M. (2012). Supplementing literacy instruction with a media-rich intervention: 
Results of a randomized controlled trial. Early Childhood Research Quarterly, 27, 115-127. 
doi:10.1016/j.ecresq.2011.07.002 

Peracchio, L. A. (1992). How do young children learn to be consumers? A script-processing 
approach. Journal of Consumer Research, 18, 425-440. doi:10.1086/209271 

*Pezdek, K., Lehrer, A., & Simon, S. (1984). The relationship between reading and 
cognitive processing of television and radio. Child Development, 55, 2072-2082. 
doi:10.2307/1129780 

*Pezdek, K., & Stevens, E. (1984). Children’s memory for auditory and visual information 
on television. Developmental Psychology, 20, 212-218. doi:10.1037/0012-1649.20.2.212  

Pratt, M. W., & MacKenzie-Keaing, S. (1985). Organizing stories: Effects of development 
and task difficulty on referential cohesion in narrative. Developmental Psychology, 21, 350-
356. doi:10.1037//0012-1649.21.2.350 

Raudenbush, S. W. (2009). Analyzing effect sizes: random-effects models. In H. Cooper, L. 
V. Hedges, & J. C. Valentine (Eds.), The handbook of research synthesis and meta-analysis 
(2nd ed., pp. 295-316). New York, NY: Sage.

Reissner, L. A. (1996, March). Increasing beginning readers’ reading success without increasing 
direct instruction time by using books on tape. Paper presented at the Annual National Rural 
Special Education Conference, Bellingham, Washington, DC. 

*Ricci, C. M., & Beal, C. R. (2002). The effect of interactive media on children’s story memory. 
Journal of Educational Psychology, 94, 138-144. doi:10.1037//0022-0663.94.1.138 

*Robb, M. B. (2010). New ways of reading: The impact of an interactive book on young children’s 
story comprehension and parent-child dialogic reading behaviors (Doctoral dissertation). 
Retrieved from Proquest Dissertations and Theses Global (UMI: 3426163). 

Rolandelli, D. R. (1989). Children and television: The visual superiority effect reconsidered. 
Journal of Broadcasting & Electronic Media, 33, 69-81. doi:10.1080/08838158909364062 

Rosenthal, R. (1979). The “file drawer problem” and tolerance for null results. Psychological 
Bulletin, 86(3), 638-641. doi:10.1037//0033-2909.86.3.638 

Roskos, K., & Burstein, K. (2013, April). Engagement with e-books: Does device matter? Paper 
presented at the annual meeting of the American Educational Research Association, San 
Francisco, CA.

Salmon, L. (2014). Factors that affect emergent literacy development when engaging with 
electronic books. Early Childhood Education Journal, 42, 85-92. doi:10.1007/s10643-
013-0589-2 

*Segal-Drori, O., Korat, O., Shamir, A., & Klein, P. S. (2010). Reading electronic and 
printed books with and without adult instruction: Effects on emergent reading. Reading 
and Writing, 23, 913-930. doi:10.1007/s11145-009-9182-x 

*Segers, E., Nooijen, M., & de Moor, J. (2006). Computer vocabulary training in kindergarten 
children with special needs. International Journal of Rehabilitation Research, 29, 343-345. 
doi:10.1097/mrr.0b013e328010f4e0 



C
h
a
p
t
e
r
 
3

91

Benefits and Pitfalls of Multimedia and Interactive Features

90

*Segers, E., Takke, L., & Verhoeven, L. (2004). Teacher-mediated versus computer-mediated 
storybook reading to children in native and multicultural kindergarten classrooms. School 
Effectiveness and School Improvement: An International Journal of Research, Policy and 
Practice, 15, 215-226. doi:10.1076/sesi.15.2.215.30430 

Shadish, W. R., & Haddock, C. K. (2009). Combining estimates of effect sizes. In H. Cooper, 
L. V. Hedges, & J. C. Valentine (Eds.), The handbook of research synthesis and meta-analysis 
(2nd ed., pp. 257-278). New York, NY: Sage. 

*Shamir, A., Korat, O., & Fellah, R. (2012). Promoting vocabulary, phonological awareness 
and concept about print among children at risk for learning disability: can e-books help? 
Reading and Writing, 25, 45-69. doi:10.1007/s11145-010-9247-x 

*Sharp, D. L. M., Bransford, J. D., Goldman, S. R., Risko, V. J., Kinzer, C. K., & Vye, N. J. 
(1995). Dynamic visual support for story comprehension and mental model building by 
young, at-risk children. Educational Technology Research and Development, 43(4), 25-42. 
doi:10.1007/bf02300489 

*Silverman, R. (2013). Investigating video as a means to promote vocabulary for at-
risk children. Contemporary Educational Psychology, 38, 170-179. doi:10.1016/j.
cedpsych.2013.03.001 

Silverman, R., & Hines, S. (2009). The effects of multimedia-enhanced instruction on 
the vocabulary of English-language learners and non-English-language learners in pre-
kindergarten through second grade. Journal of Educational Psychology, 101, 305-314. 
doi:10.1037/a0014217 

Sipe, L. R. (1998). How picture books work: A semiotically framed theory of text-picture 
relationships. Children‘s Literature in Education, 29, 97-108. doi:10.1023/a:1022459009182 

*Smeets, D. J. H., & Bus, A. G. (2014). The interactive animated e-book as a word 
learning device for kindergartners. Applied Psycholinguistics. Advance online publication. 
doi:10.1017/s0142716413000556 

*Smeets, D. J. H., van Dijken, M. J., & Bus, A. G. (2014). Using electronic storybooks to 
support word learning in children with severe language impairments. Journal of Learning 
Disabilities, 47, 435-449. doi:10.1177/0022219412467069

*Stine, H. A. (1993). The effects of CD-ROM interactive software in reading skills instruction 
with second-grade Chapter 1 students (Doctoral dissertation). Retrieved from Proquest 
Dissertations and Theses Global (UMI: 9400115).

Sweller, J. (2005). Implications of cognitive load theory for multimedia learning. In R. E. 
Mayer (Ed.), The Cambridge handbook of multimedia learning (pp. 19-30). Cambridge, 
UK: Cambridge University Press.

Tabachnick, B. G., & Fidell, A. S. (2007). Using multivariate statistics. Boston, MA: Pearson 
Education.

Talley, S., Lancy, D. F., & Lee, T. R. (1997). Children, storybooks and computers. Reading 
Horizons, 38, 116-128. Retrieved from http://scholarworks.wmich.edu/cgi/viewcontent.
cgi?article=1255&context=reading_horizons

*Terrell, S. L., & Daniloff, R. (1996). Children’s word learning using three modes of 
instruction. Perceptual and Motor Skills, 83, 779-787. doi:10.2466/pms.1996.83.3.779 

Trushell, J., Maitland, A., & Burrell, C. (2003). Pupils’ recall of an interactive storybook 
on CD-ROM. Journal of Computer Assisted Learning, 19, 80-89. doi:10.1046/j.0266-
4909.2002.00008.x 

Tsou, W., Wang, W., & Tzeng, Y. (2006). Applying a storytelling website in foreign language 
learning. Computers & Education, 47, 17-28. doi:10.1016/j.compedu.2004.08.013 

*Valkenburg, P. M., & Beentjes, J. W. J. (1997). Children’s creative imagination in 
response to radio and television stories. Journal of Communication, 47(2), 21-38. 
doi:10.1111/j.1460-2466.1997.tb02704.x 

*Verhallen, M. J. A. J., Bus, A. G., & de Jong, M. T. (2006). The promise of multimedia 
stories for kindergarten children at risk. Journal of Educational Psychology, 98, 410-419. 
doi:10.1037/0022-0663.98.2.410 

*Verhallen, M. J. A. J., & Bus, A. G. (2009a). Video storybook reading as a remedy for 
vocabulary deficits: Outcomes and processes. Journal for Educational Research Online, 1, 
172-196. Retrieved from http://www.j-e-r-o.com/index.php/jero/article/viewFile/66/54

*Verhallen, M. J. A. J., & Bus, A. G. (2009b). Video storybooks: a worthwhile investment for 
all young L2 learners? (Unpublished doctoral dissertation). Leiden University, Leiden, the 
Netherlands. 

*Verhallen, M. J. A. J., & Bus, A. G. (2010). Low-income immigrant pupils learning 
vocabulary through digital picture storybooks. Journal of Educational Psychology, 102, 
54-61. doi:10.1037/a0017133 

Vibbert, M. M., & Meringoff, L. K. (1981). Children’s production and application of story 
imagery: A cross-medium investigation (Report No. 23). Cambridge, MA: Harvard 
University. 

Wang, Y., & Paul, P. V. (2011). Integrating technology and reading instruction with children 
who are deaf or hard of hearing: The effectiveness of the Cornerstones Project. American 
Annals of the Deaf, 156, 56-68. doi:10.1353/aad.2011.0014 

*Williamson, P. A., & Silvern, S. B. (1983). The effects of text elaboration on 
children’s aural language comprehension. Educational Psychology, 3, 5-14. 
doi:10.1080/0144341830030102 

Zucker, T. A., Moody, A. K., & McKenna, M. C. (2009). The effects of electronic books 
on pre-kindergarten-to-grade 5 students’ literacy and language outcomes: A research 
synthesis. Journal of Educational Computing Research, 40, 47-87. doi:10.2190/ec.40.1.c


