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Abstract

E-texts afford interactive features that are not feasible with paper texts. Several studies have been
conducted examining interactive features of e-texts, but it is uncertain what the overall effect is
or what features may be most useful. The purpose of this study is to systematically review and
meta-analyze the findings comparing reading performance and/or reading times between e-texts
with interactive features and control texts (paper or static e-texts). The systematic search of the
literature identified 26 independent studies on reading performance. Based on the meta-analyses,
interactive features benefited reading performance (g = .66, p <.001). Individual studies with
positive effects involved multiple interactive features; however, potential contributions of three
types of features (questions with feedback, digital glossaries, and collaborative tools) are
discussed. Future directions for examining interactive features experimentally to better
understand what features are most helpful for whom are described.

Keywords: digital glossaries, interactive e-texts, meta-analysis, reading performance,

systematic review
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Interactive Features of E-Texts’ Effects on Learning and Reading Time: A Systematic
Review and Meta-analysis

Reading from screens has become commonplace in educational settings. However, there
is ample evidence that reading from screens negatively affects performance compared to reading
from paper based on three meta-analyses (Clinton, 2019; Delgado et al., 2018; Kong et al.,
2018). Moreover, readers tend to be more overconfident of their perceptions of how well they are
understanding a text when reading from screens compared to paper (Clinton, 2019), indicating
screen inferiority in both performance and metacognition (Sidi, Ophir, & Ackerman, 2016). In
the studies reviewed in these meta-analyses, the conditions for reading were similar across
medium. There are numerous ways in which screens could enhance or scaffold the reading
experience that are not possible with paper. Multiple studies have been conducted examining
how interactive features of digital texts may affect reading comprehension (e.g., Jin, 2013;
Sommers et al., 2019; Weng et al., 2018). It is possible that these interactive features could
overcome issues with screen inferiority. The purpose of this systematic review is to provide a
cohesive overview of the research conducted on interactive e-texts, which are electronic reading
materials with features intended to assist or engage readers in a manner afforded by screens, but
not feasible with paper. By doing so, the effectiveness of various features may be better
understood.

Reading inherently involves interaction between the reader and the text, whether that text
be viewed on a paper book, tablet, or computer (Mangen & van der Weel, 2016). Furthermore,
texts of any medium can be designed to be interactive in that they have features designed to
encourage the reader to respond to the text in some manner (Kucirkova, 2017). However, the

affordances of screens permit interactions that are not possible with paper medium. When
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reading from screens as opposed to paper, interactivity involves digital features that can be
activated by the reader through touch and click such as visual presentations, prompts to guide
reader thinking, or hyperlinks to helpful content (Kucirkova, 2017). The focus of this review is
findings relevant to interactive features of e-texts that could not be easily replicated with paper.
By focusing on digital interactivity, this review can illuminate how affordances of screen could
enhance performance thereby potentially overcoming the screen inferiority noted in previous
findings (Clinton, 2019; Delgado et al., 2018; Kong et al., 2018).

Theoretical frameworks

According to the construction-integration model of text comprehension, readers are
thought to construct three different levels of representations of a text: the surface structure, the
textbase and the situation model (Kintsch, 1998). In the surface structure are the words and
syntax that create ideas in a text, known as propositions. These propositions within the text are
connected to each other in the textbase level of representation. The situation model is constructed
when readers incorporate relevant background knowledge and personal experiences with the
textbase to create a mental representation of the text. Interactive features could potentially
support the development of each of these levels of representation.

Digital glossaries (also known as “digital dictionaries” or “embedded glossaries” utilized
through “enhanced text” or “hypertext”) are one interactive feature of e-books that can assist a
reader with the surface structure level of representations of the words in the text. Glossaries that
are either digital or on paper allow readers to comprehend text that may otherwise be too difficult
to understand (Nation, 2001). Digital glossaries are electronic databases of key terms or
vocabulary used in electronic text (Dimitrova & Koseka-Toszewa, 2009). Digital glossaries can

provide definitions of the word (through text, audio, illustration, or video), highlight context
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clues, translation, provide a pronunciation guide, sound out a word, or provide background
knowledge. Digital glossaries generally can function in one of two ways: existing/embedded
hyperlinks in the electronic text or by digital highlights of word or phrase generated by the
reader. Digital glossaries may support textbase development because readers who better
understand the words expressing ideas in the text would logically be better able to appropriate
connect ideas within the text. Furthermore, digital glossaries can provide background knowledge
that may assist in situation model construction.

Prompts and questions posed by interactive e-books could also facilitate successful
construction of the textbase and situation model. Prompts and questions that guide the reader to
effectively connect different ideas in the text (for textbase development) and between ideas in the
text and background knowledge (for situation model development; Bos et al., 2016). Moreover,
interactive features can help students by providing background knowledge to construct a
situation model. For examples, interactive features can provide links to additional relevant
material, videos with explanations, and interactive simulations that could give students
background knowledge to help them develop in-depth situation models.

Interactive features that provide feedback to readers can improve comprehension
accuracy at different levels of representation, depending on the design of the question or prompt
(Bos et al., 2016). Feedback while learning from text has been found to improve comprehension
performance, especially if provided through a computerized system (Swart et al., 2019).
Computerized systems afford immediate and automatic feedback, which is not feasible with
paper (Swart et al., 2019). This may be particularly beneficial for reading from screens because
readers tend to be overconfident in their perception of learning (i.e., they think they understand

the text better than they actually understand it; Clinton, 2019; Lauterman & Ackerman, 2014).
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Getting feedback may help readers have more accurate awareness of their understand of the text,
which could potentially overcome the issue of overconfidence (Dunlosky & Lipko, 2007).

Cognitive load theory provides a useful framework for evaluating interactive features of
e-texts and interpreting the findings. Cognitive load theory is based on the understanding that
human cognitive resources are limited. For this reason, the amount of information (i.e., load) that
readers need to process affects learning new knowledge (Sweller et al., 2019). Cognitive load
can be intrinsic or extraneous. Intrinsic cognitive load is inherent to the knowledge being learned
(Sweller, 2020). It can only be reduced by changing the content or the knowledge base of the
reader. In contrast, extraneous cognitive load is unnecessary to the knowledge being learned and
can be reduced or increased based on instructional procedure and information presentation
(Sweller et al., 2019).

Both intrinsic and extraneous cognitive load could be affected by interactive features of
e-texts. Depending on the readers’ needs and the design, interactive features that provide
students with background knowledge (e.g., links to additional material, videos, interactive
simulation, digital glossaries) could affect cognitive load in manner beneficial or deleterious to
learning. If the background knowledge provided by the features is helpful, the knowledge base of
the reader would increase, logically reducing intrinsic cognitive load and supporting learning
from the text. Conversely, if the background knowledge provided by the features is not helpful,
these features would add to extraneous load and likely interfere with learning from the text.
Similarly, questions with feedback could help readers have more accurate understanding of the
new knowledge. Or answering questions and reviewing feedback could be extraneous cognitive
load if it is unneeded information that is not helpful for learning. It should be noted that

computer-provided feedback that is automatic and immediate is thought to involve less
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extraneous cognitive load that paper modes of feedback (e.g., looking up answers in a key,
scratching off correct responses, Swart et al., 2019). Because interactive features could relate to
cognitive load in potentially helpful or unhelpful manners, a systematic review and meta-analysis
of interactive features is needed.
The Current Study

The purpose of this review is to synthesize and conduct a meta-analysis on the research
findings on interactive features of e-texts. Specifically, the effects of interactive features of e-
texts compared to static e-texts and/or paper texts on learning is compared. A meta-analysis was
conducted to determine the overall effect of interactive feature. The findings were further
examined to consider the effects of various kinds of features.

Method

The authors confirm that the data supporting the findings of this study are available
within its supplementary materials.

The inclusion criteria included the following: 1) there were comparisons of interactive e-
text condition(s) to control conditions with either static e-text or paper text, 2) there was a
measure of learning from text, 3) the statistics necessary for conducting the meta-analysis were
either reported or the author(s) of the report provided these statistics upon request, and 4) texts
were not designed for second language acquisition (to avoid confounds related to second
language reading, Melby-Lervag & Lervdg, 2014), 5) the same basic text was read for interactive
and control conditions (i.e., comparisons of different text topics in which one was interactive and
the other was not were ineligible), 6) the e-text was not designed to develop decoding (i.e., the
focus of the interactive features were to support reading to learn, not learning to read; Harri-

Augstein, Smith, & Thomas, 2017). For the e-text to be considered interactive, it had to have at
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least one interactive feature that required a screen to be functional (i.e., would not be possible
using paper). For example, an embedded video link would be considered interactive, but a
notetaking function (that could be easily replicated with paper) would not be considered
interactive for this meta-analysis. Questions with immediate and automatic feedback on
responses were considered interactive because this type of feedback is not feasible with paper
(readers could look up answers to questions in a paper text, but this would not be immediate and
automatic feedback), but questions or other types of prompts that did not provide feedback that
the reader could easily ignore on paper were not considered interactive features. This is to focus
on the systematic review and meta-analysis on interactive features afforded by screens rather
than all possible interactive features of text independent of medium.

There were multiple steps in the systematic search for relevant studies comparing
learning from interactive e-texts to non-interactive versions (static e-texts, paper texts, or both)
was conducted (see Figure 1). The first step was searching for relevant literature with

99 ¢¢

combinations of the search terms “interactive,” “read*, “vocabulary,” “comprehension,”
“screen,” “ebook,” “electronic textbook,” “digital scaffold,” “app,” and “digital read*” (with * as
a joker) in the databases SCOPUS, PsychInfo, ERIC, and Proquest Dissertations and Theses in
June of 2019. This yielded 5,128 citations. There were 1,491 duplicate citations that were
deleted. Abstracts of the remaining 3,637 citations were screened based on inclusion criteria
using Rayyan (Ouzzani et al., 2016). The fulltexts of 119 were examined for more in-depth
examination of relevance, which lead to 13 relevant reports being identified. A forwards search
of work that had cited each of these relevant reports was conducted using Google Scholar (this

search engine was chosen to avoid possible publisher bias, Wohlin, 2014), which yielded 7 more

reports. A backwards search reviewing the citations of each relevant report for more possible
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reports was also conducted. This resulted in one additional report. The first author of this meta-
analysis emailed the corresponding authors of the relevant reports asking if they were aware of
any additional reports they could share. This results in 2 additional reports. The references of a
scoping review (Spencer et al., 2020) were searched, which lead to 3 more reports identified.
Therefore, a total of 26 relevant reports with 26 independent studies were found.
Coding

The relevant reports were coded to provide descriptive information (see Table 1). To
describe the studies, basic bibliographic and methodological information (number of participants,
design and context) is provided. This coding was conducted by the first three authors with 25%
overlap to assess reliability (k = .89). The first author resolved any disagreements.
Statistical Procedures

To assess the effects of interactive e-text, we calculated Hedges’ g to aggregate effects
across studies. Hedges’ g corrects for bias due to sample size, which is appropriate for this meta-
analysis given the small samples of some of the studies (Hedges, 1981). Based on the
recommendations of Harrer et al. (2019a), the Hedges’ g for each effect size was calculated
using the “esc” package in R (Liidecke, 2018) using the means, standard deviations, and number
of participants for each condition for the metrics of interest. If these descriptive statistics were
not reported nor provided by the author upon request, then Hedges’ g was estimated based on #-
test, p values, and/or F statistics using Comprehensive Meta-Analysis (version 3; Biostat). A
positive Hedges’ g indicates a greater value in the dependent variable for the interactive e-text.

Some studies reported more than one learning measure; therefore, there was more than
one effect size for those studies calculated. These effect sizes within the same study were

dependent because they were from the same sample. To account for these dependent effect sizes,
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robust variance estimation (RVE) was used, which is more accurate than aggregating multiple
effect sizes within a study (Tanner-Smith et al., 2016). A correlation among dependent effects of
.8 was assumed. The package “robumeta” in R was used to calculate the aggregate effect size
statistics using RVE (Fisher & Tipton, 2014). In addition, a small sample size correction for
RVE was included in the analyses (Tipton, 2015; see Tipton & Pustejovsky, 2015).

Based on the RVE analyses of 26 studies with 42 effect sizes and a total of 2,114
participants, learning performance was better for interactive texts than control texts, Hedges’ g =
.66, SE = .14, 95% CI [.38, .95], p <.001. See Figure 2 for a forest plot of each effect size. To
assess the heterogeneity of the findings by study, 2, which is an estimate of variability across
studies that is assumed to not be from chance, was used (Higgins & Green, 2011). As a
percentage, I has a range of 0-100 and higher numbers indicate higher heterogeneity. The ° was
85.57 which indicates substantial heterogeneity.

One concern with any meta-analysis is that statistically significant findings are more
likely to be reported, a phenomenon known as publication bias. To assess publication bias, two
techniques were used. The first was a visual inspection of a funnel plot and the second was using
the statistic of Eggers’ test of the intercept (Cooper, 2015; see Follmer, 2018, for a similar
approach). In funnel plots, the effect sizes of studies are plotted based on their size on the y axis
with smaller studies being towards the bottom and the effect size is on the x-axis with the mean
effect size indicated with a vertical line through the plot. If the distribution of effect sizes is
asymmetrical on the two sides of the mean effect and larger studies are closer to the mean than
smaller studies, then publication bias is suspected (Egger et al., 1997). Based on the funnel plot
in Figure 3, the distribution is fairly symmetrical and there does not appear to be differences in

proximity to the mean based on the size of the study. Egger’s test of the intercept was calculated
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using the “demetar” package in R (Harrer et al., 2019b; note that aggregate effect sizes were used
for these tests as there is not a function that accounts for dependent effect sizes in assessing
publication bias). The Egger’s test of the intercept did not significantly differ from zero, p =
2.08, p =.09, 95% CI [-.25, 4.41]. Given these findings, publication bias is unlikely.

An outlier analysis was conducted to determine how the removal of extreme effect sizes
would affect the findings. A study’s effect size was considered an outlier if its confidence
interval was outside the confidence interval of the overall effect. The finding outlier function
through the “dematar” package in R was used (Harrer et al., 2019b). Based on this function, there
were 8 outliers identified (Alekhalfi et al., [2020], Arowsi et al., [2019], Ebied [2015], Freund et
al., [2016], Hsiao et al., [2016], Lustria [2007], Weng et al. [2018], and Zarzour & Sellami
[2017]). Based on an RVE analysis of the remaining 18 studies (with 34 effect sizes), there was a
positive effect of interactive e-text, Hedges’ g = .60, SE = .09, 95% CI [ .41, .79], p <.001. In
other words, the findings were similar although the effect size slightly lower with the outliers
excluded than with the outliers included. The I with the outliers removed was 51.65 indicating a
reduction in heterogeneity with the removal of outliers, although there was still moderate
heterogeneity.

Discussion

The purpose of this review was to aggregate the findings on interactive e-texts in terms of
learning. Based on the results of a meta-analysis of 26 studies, there was a moderately-sized,
positive effect of interactive e-texts over control texts (static e-texts and/or paper texts). This
positive effect remained significant, although somewhat smaller, after the removal of eight

potential outliers in analyses.
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In the studies meta-analyzed, there were many different types of interactive features
involved. This likely contributed to the heterogeneity in the findings noted in the results. A
review of the findings to consider which features were beneficial and which were not helpful
would help in understanding these findings. There were 17 studies in which statistically
significant positive effects on at least one learning measure were noted (Asrowi et al., 2019;
Chang et al., 2019; Chaudhri et al., 2013; Chen et al., 2014; Chen et al., 2018; Dennis et al.,
2016, Ebied 2015; Jin, 2013; Hsiao et al., 2016; Jin, 2013; Li et al., 2013; Lustria, 2007;
Mochizuki et al., 2019; Sommers et al., 2019; Zarzour & Sellami, 2017; Zarzour & Sellami,
2018a; Zarzour & Sellami, 2018b). Most of these studies with positive effects had multiple
interactive features making it challenging to discern the features or combination of features most
effective. It should be noted that there are some commonalities about the specific features,
namely questions with feedback, collaborative annotations, and digital glossaries, which are
discussed further.

Questions or other assessments with feedback were considered to be particularly helpful
as they could guide the reader to make accurate connections thereby promoting better textbase
and situation model development. Five of the studies with positive effects involved some form of
questions or prompts with feedback (Asrowi et al., 2019; Chaudhri et al., 2013; Chen et al.,
2018; Hsiao et al. 2016; Sommers et al., 2019). However, there were some exceptions. There
were two studies that used questioning with feedback and had null results because they likely
lacked sufficient power to detect a benefit (Blake, 2016; Koc¢-Januchta et al., 2020). Another
study with questions and feedback had null results likely due to a ceiling effect (Almekhalfi et
al., 2020). Liu and colleagues (2020) did not have a significant benefit of the interactive e-text

for learning, but the students in the interactive e-text condition spent less time studying than
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those in the static e-text condition. This indicates that learning from the interactive e-text was
more efficient in this study (Liu et al., 2020). Taken together, these findings support the notion
that answering questions and receiving feedback does not interfere with learning through
increased extraneous load. In addition, these findings converge with a meta-analysis finding that
providing feedback to readers benefits comprehension (Swart et al., 2019).

Four studies in which digital glossaries were an interactive feature indicated benefits of
interactivity (Asrowi et al., 2019; Chaudhri et al., 2013; Chen et al., 2018; Jin, 2013). With
digital glossaries, readers could access word information in an immediate manner rather than
finding and using a paper dictionary. Knowing the words likely helped readers appropriately
make connections within the text for textbase development, and between the text and their
background knowledge, for situation model development (Perfetti & Stafura, 2014). In addition
to overall text comprehension support, it is possible that digital glossaries benefited vocabulary
learning from the text which has been noted in previous studies on second language acquisition
(Yun, 2011). However, readers also learn vocabulary incidentally (i.e., without explicit
instruction or definitions provided) in first and second languages (Nagy, Herman, & Anderson,
1985; Pellicer-Sanchez, 2017); therefore, it is possible that providing readers with definitions
could interfere with incidental vocabulary acquisition. Future research would be helpful to
examine this specific issue of digital glossaries on first language vocabulary acquisition while
reading.

Collaborative digital tools in which students could share their annotations on the
readings, ask questions, and discuss the text while reading were an interactive features in six
studies (Chen et al., 2014; Dennis et al., 2016; Weng et al., 2018; Zarzour & Sellami, 2017;

Zarzour & Sellami, 2018a; Zarzour & Sellami, 2018b). In five of these studies (Chen et al.,
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2014; Dennis et al., 2016; Zarzour & Sellami, 2017; Zarzour & Sellami, 2018a; Zarzour &
Sellami, 2018b), these collaborative tools appeared to benefit learning from the text (a negative
effect was found in Weng et al., 2018, which is discussed in the following paragraph). One
benefit of these collaboration tools is that students can share their knowledge (Chen et al., 2014),
which would likely help with building a situation model as well as decreasing intrinsic load
through the improvement of the knowledge base. Through discussions, students are able to use
the tools to engage with their peers about the reading in a manner that could potentially assist in
making connections for the development of the textbase and situation model.

There was one study in which interactive features had a statistically significant negative
effect on learning (Weng et al., 2018). Perceived intrinsic and extraneous cognitive load did not
reliably differ between the interactive e-text and the static e-text; therefore, increased cognitive
load from the additional information involved with the interactive features is an unlikely reason
for these results. One potential reason, based on teacher reports, is that the students with
interactive e-text had fewer interactions among their peers and their teacher than did students
with the static e-text. This converges with findings regarding storybooks for young children in
which there are more adult-child interactions with paper books than interactive e-books (Strouse
& Ganea, 2017). In addition, students reporting higher levels of perceived learning for the
interactive e-text compared to the static e-text indicating that students reading the interactive e-
text were overconfident about their learning (Weng et al., 2018). Weng and colleagues suggest
that students may have had the illusion that they understood the material better than they actually
did because the simulations made the material too easy to understand whereas students with
static e-texts had to put more effort into understand the text. That is, the interactive e-text may

have lacked desirable difficulties to promote learning because the simulations promoted learning
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fluency (e.g., Sungkhasettee et al., 2011; see Bjork, 1994, for more on desirable difficulties). The
interactive e-text included questions with feedback, which may support more accurate
comprehension monitoring (Swart et al., 2019). However, students reported that there were not
enough questions with feedback and Weng and colleagues noted that the content of the questions
in the interactive e-text did not align well with the content of the learning measure items.

An e-text may have optimal interactive features to promote learning; however, these
features can only be effective if readers know how to use them and actually use the features. For
example, with digital glossaries, readers need to be cognizant of the signal that a word has digital
glossary information (e.g., notice the different font or color), know how to interact with that
word to access the glossary information (e.g., click or press on it), and actually press on that
word in order to have the digital glossary affect learning. This is also true for other interactive
features such as prompts and questions. In one study, readers could interact with the e-text to be
provided with hints and prompts designed to help their reading (ter Beek et al., 2019). There
were no overall effects of the interactive e-text compared to the static e-text used as a control.
However, approximately half of the readers with interactive e-texts never used the hints. A
follow-up examination noted that although pretest scores were comparable, hint users scored
higher on the posttest than did non-hint users. These findings indicate that it is possible the
interactive e-text would have been more effective had the features been used by all the readers. A
system in which readers are required to respond to hints and prompts before continuing reading,
such as the one used in Li et al. (2013) with positive results for interactive e-texts, could
potentially be more effective. It is possible that the null results for interactive e-texts in Freund et
al. (2016) could also be due to readers not accessing the interactive features. In Freund et al.

(2016) readers could click on links to obtain additional information that could assist in
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comprehension. There were not data reported on whether readers actually accessed this
information; however, time on task was similar for interactive and static e-text conditions. If
readers were actually clicking on the links with additional content and reading it, they would
logically have more time on task in the interactive e-text condition. For this reason, it is likely
readers were not actually using the interactive feature.
Limitations and Future Directions

There are limitations both within this review and the studies reviewed that need to be
addressed. The number of studies was modest and some of the studies had very small sample
sizes. Both of these factors limit the generalizability of the findings. Moreover, the research
designs and contexts across studies were variable. Some were randomized experiments with
pretest comparisons indicating baseline comparisons that allow for causal inferences (What
Works Clearinghouse, 2020). Others were quasi-experimental comparisons in which random
assignment was not used, which makes confounding factors that affect results more likely. In
addition, some studies were incorporated in the context of a class whereas others involved
studies unrelated to coursework. Logically, student motivation to learn from the text would be
different if actual grades are involved.

Conclusion

Previous meta-analyses have indicated that reading from screens is less efficient than
reading from paper (Clinton, 2019; Kong et al., 2018), but these comparisons did not involve
potential affordances of screens in terms of interactive features. In this systematic review and
meta-analysis, comparisons of interactive e-texts with control texts on learning were made.

Interactive e-texts were found to benefit learning compared to control texts. These findings may
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be useful for teachers to select types of reading material as well for curriculum developers in

terms of which features may be helpful for learning from e-texts.
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