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Abstract
[Purpose/Significance]To better disseminate knowledge and improve read-
ing effectiveness, this study examines the differences in reading out-
comes between electronic and paper-based reading, and experimentally
investigates the mechanisms influencing medium-specific reading effective-
ness.[Method/Process]Through experimentation, we compared the reading
outcomes of learners under three conditions: paper-based reading (P-book)
with high contextual information level, iReader electronic reading with medium
contextual information level, and Word electronic reading with low contextual
information level.[Results/Conclusion]The results revealed that: Under the
P-book condition, learners demonstrated significantly superior performance
compared to the Word condition on transfer tests, cognitive load, reading
speed, and visual fatigue, and also significantly outperformed the iReader group
on transfer tests. The iReader group showed significantly better performance
than the Word group on reading speed and cognitive load. It is concluded
that reading effectiveness is simultaneously influenced by both reading medium
and contextual information cues in the reading environment. Contextual
information cues in the paper-based reading environment can alleviate visual
fatigue, reduce cognitive load, and improve reading speed; however, knowledge
comprehension in reading effectiveness is more susceptible to the influence
of reading medium, with paper media being more conducive to knowledge
comprehension.
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Abstract: [Purpose/Significance] To better disseminate
knowledge and improve reading effectiveness, this study
investigates the mechanism underlying differential reading
effects across media through an experimental comparison
of electronic and paper-based reading. [Method/Process]
The experiment compared learners’ reading performance
across three conditions: paper-based reading with high
background information level (P-book), iReader electronic
reading with medium background information level, and
Word electronic reading with low background information
level. [Results/Conclusions] Results showed that the
P-book condition yielded significantly better performance
than the Word condition in transfer tests, cognitive load,
reading speed, and visual fatigue, and also outperformed
the iReader group in transfer tests. The iReader group
performed significantly better than the Word group in
reading speed and cognitive load. The study concludes
that reading effectiveness is simultaneously influenced
by reading medium and background information cues in
the reading environment. Background information cues
in paper-based reading environments can alleviate visual
fatigue, reduce cognitive load, and improve reading speed;
however, knowledge comprehension in reading outcomes
is more susceptible to the influence of reading medium,
with paper media being more conducive to knowledge
understanding.
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With the rise of electronic media such as the internet and the promotion of
digital text, electronic reading has become increasingly important in people’s
lives. Researchers anticipated decades ago that with the emergence and popu-
larization of PDAs, e-readers (such as Kindle), and mobile phones, electronic
reading would likely eventually replace paper reading [1]. However, paper read-
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ing habits persist in people’s work, study, and daily life. What exactly are
the differences in reading effectiveness between paper and electronic texts, and
what factors influence these differences? This study addresses these questions
through experimental investigation.

1.1 Comparative Research on Electronic and Paper Reading

Existing comparative studies between electronic and paper texts have primar-
ily focused on four aspects: memory retention, transfer effects, reading speed,
and visual fatigue. Studies on memory retention show no difference between
electronic and paper reading [1-4]. Memory retention is typically measured us-
ing multiple-choice and recognition tests [5]. For instance, Mutter et al. had
participants read novels on electronic screens and in books without allowing
backtracking, then administered 25 multiple-choice questions, finding no dif-
ferences between the two conditions [2, 6]. Similarly, P.C. Chang et al. [1]
used participants without prior knowledge, had them read earthquake-related
materials on e-readers with different illumination and resolution settings, and
compared them with paper books, again finding no difference in accuracy when
identifying knowledge content.

However, findings on comprehension tests have been inconsistent. Some re-
searchers using middle school students found that those reading on paper demon-
strated better reading comprehension and summarization than those reading on
computers [8], while others using college students and elderly participants found
no differences between electronic and paper reading in comprehension tests [9].

Reading speed, as an indicator of reading effectiveness, has consistently shown
that electronic reading is slower than paper reading [10-11]. Specifically, reading
the same content on electronic media is 20-30% slower than using paper books
[10-11]; even when skimming (reading at 3-4 times normal speed to grasp general
content), electronic reading remains 41% slower [2]. Research on visual fatigue
has also found that under the same reading task conditions, electronic readers
experience more eye strain and visual fatigue than paper readers [1, 12].

1.2 Theoretical Foundation

The above research [4, 11] shows consistent conclusions regarding reading speed,
visual fatigue, and memory retention: paper reading is faster, less visually fa-
tiguing, and more preferred, with no difference in memory retention. However,
comprehension transfer effects show either better performance with paper read-
ing or no difference [8-9]. Why do these inconsistent results occur? Two main
theoretical perspectives address this phenomenon: the reading medium mecha-
nism and the cognitive map mechanism.

The reading medium mechanism explains these differences based on the inherent
properties of the reading medium itself [3, 13]. In electronic reading conditions,
people must not only process electronic text information but also operate tools
such as a mouse, resulting in higher extraneous cognitive load. Consequently,
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with the same learning task and working memory capacity, learners have fewer
resources available for text processing, leading to poorer reading outcomes [3].
Additionally, the high-brightness electronic screen in electronic reading creates
extra cognitive load, particularly causing physiological visual fatigue [13]. Paper
reading avoids these problems, providing a more natural environment that aligns
with established reading habits.

The cognitive map mechanism posits that cognitive maps constructed in the
brain closely resemble the spatial distribution of objects in the physical environ-
ment [14]. In physical maps, more landmarks and routes make locating target
objects easier. Similarly, more background cues and markers in a cognitive
map improve knowledge memory and retrieval [15]. In reading, compared to e-
books, printed books provide more background information: eight corners of an
opened book, front and back pages, visible chapter starting pages, perceptible
book thickness, tactile paper, page numbers, etc. These background cues enter
the brain during reading to participate in mental representation construction,
helping learners build cognitive schemas and resulting in better reading expe-
riences and outcomes [16-17]. In contrast, electronic reading conditions offer
minimal spatial background information per page and include distracting ele-
ments like hyperlinks, making spatial localization of knowledge from different
pages difficult and providing fewer identifiable cues in the cognitive map [18],
thus increasing cognitive load during memory and retrieval [18].

1.3 Research Hypotheses

To better reveal the mechanisms of these two theories in media reading, this
study designed three conditions: paper reading (P-book), iReader electronic
reading, and Word electronic reading. The P-book condition used traditional
printed books with markers including eight page corners, page numbers, visual
reading progress, visual page-turning, and tactile sensation (perceiving paper
thickness and reading progress). The iReader condition used iReader software
simulating a printed book environment, with identical markers to P-book ex-
cept for lack of physical paper contact. The Word condition used Microsoft
Word software, removing four page corners (single-page reading), page numbers,
visual page-turning, and visual thickness, while retaining a basic relative read-
ing progress indicator—reflecting common reading habits. Across these three
conditions, P-book had the highest background information level, iReader had
medium, and Word had low.

If the reading medium perspective is correct, then compared to the paper P-book
condition, learners in electronic reading conditions (Word and iReader) would
show poorer memory retention and transfer effects, higher visual fatigue, and
slower reading speed, with no significant differences between the two electronic
conditions (Hypothesis 1).

If the cognitive map perspective is correct, then conditions with more back-
ground information cues would show better memory retention and transfer ef-
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fects, lower visual fatigue, and faster reading speed, following the trend: P-book
> iReader > Word (Hypothesis 2).

2.1 Participants and Design

The experiment employed a single-factor, three-level between-subjects design.
The three reading conditions were: paper reading with high background in-
formation (P-book), electronic reading with medium background information
(iReader), and electronic reading with low background information (Word). Spe-
cific marker information for each group is described in Section 1.3. Experimental
treatments for the three conditions are shown in Figure 1 [Figure 1: see original
paper].

Participants were 76 college students with electronic reading experience re-
cruited through convenience sampling at a university, using paid recruitment
and course credit incentives. They were randomly assigned to three groups:
P-book group (n = 25, 4 male), mean age 20.16 years (SD = 1.95); Word group
(n = 25, 2 male), mean age 20.16 years (SD = 2.13); and iReader group (n =
26, 3 male), mean age 20.27 years (SD = 2.24).

To prevent prior knowledge from affecting reading outcomes [23], all partici-
pants were low prior-knowledge individuals scoring below 28 points (70% cutoff
following previous research [22, 24]) on a pre-test knowledge questionnaire.

2.2 Materials

Reading Material: Following previous research [20], we selected accessible,
life-relevant economics knowledge. As this was lengthy reading requiring at least
30 minutes in pilot testing, we ensured content interest by selecting material
from Fun Economics [21]. The experimental content comprised the book cover
through the end of Chapter 1, which contained 13 sections across 58 pages.

Pre-test Questionnaire: Developed by our research team, including demo-
graphics and an economics knowledge pre-test. The knowledge pre-test, adapted
from previous studies [22], contained 8 items rated on 5-point scales (1 = “very
little” to 5 = “very much”), with total scores ranging from 8 to 40.

Post-test Questionnaire: Included 4 retention test items and 4 transfer test
items, adapted from relevant research [22, 25]. Retention tests used multiple-
choice format with answers directly found in the reading material (total score =
8). Transfer tests used short-answer format with items designed to assess flexible
application of knowledge (total score = 8). Two trained raters scored the post-
tests, achieving inter-rater reliability of r = 0.96 (p < 0.001) for retention and
r = 0.93 (p < 0.001) for transfer; final scores used the average.

Visual Fatigue Scale: Used subjective ratings adapted from P.C. Chang et
al. [1] with modifications, comprising 6 items: difficulty seeing, unusual eye
sensations, eye tiredness, eye numbness, headache, and screen dizziness. Each
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item used a 7-point Likert scale (1 = “not at all” to 7 = “very strongly”), scored
0-6, with total scores ranging from 0 to 36.

Cognitive Load Scale: Assessed cognitive load by rating content difficulty
and task effort during reading and questionnaire completion [26-27], including
4 items: reading content difficulty, reading effort, questionnaire difficulty, and
questionnaire effort [28]. Each used a 7-point Likert scale (1 = “very easy” to 7
= “very difficult”), scored 0-6.

2.3 Apparatus and Procedure

Electronic reading groups used Dell desktop computers: Word group used Mi-
crosoft Word 2010, iReader group used iReader software. The P-book group
read printed books directly. Reading time was recorded using a stopwatch.

Procedure: The experiment consisted of six stages: (1) Pre-test screening and
random assignment; (2) Instruction and formal experiment—participants were
instructed to read from the cover through Chapter 1 without note-taking, with
no time limit but time recorded; (3) After reading, participants completed a 50-
item serial subtraction by 7 task as a memory interference task (3-5 minutes);
(4) Subjective ratings: reading difficulty, reading effort, visual fatigue, and con-
tinued reading tendency; (5) Retention and transfer tests; (6) Questionnaire
difficulty and effort ratings.

To address potential context-dependent memory effects [19], electronic reading
groups received electronic versions of pre- and post-test questionnaires, while
the paper group received paper versions.

Results
All dependent variables were analyzed using one-way ANOVA, with LSD post-
hoc tests for significant main effects. Detailed scores are presented in Table 1
.

Table 1 Experimental Data Across Questionnaires

Measure P-book iReader Word F(2,73)
Pre-test knowledge 17.36 16.32 16.03 2.40#
Reading time (min) 29.43 35.60 13.36 6.72**
Visual fatigue -1.16 -0.24 13.18 7.43**
Retention test^a 11.80 13.18 16.32 3.03#
Transfer test^a 16.32 13.18 11.80 3.88*
Cognitive load^a 29.32 13.18 16.03 3.24*

Note: ^a = with reading time and gender as covariates (df error = 71); * p <
0.05, ** p < 0.01, # marginally significant
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Pre-test knowledge scores did not differ significantly across conditions, indicat-
ing that post-test results were not influenced by prior knowledge.

Reading time showed a marginally significant main effect (p = 0.098). Post-hoc
tests revealed that the Word group read significantly longer than the P-book
group (p = 0.065) and iReader group (p = 0.058), with no significant difference
between P-book and iReader groups.

Visual fatigue showed a significant main effect. Post-hoc tests indicated that
the Word group experienced significantly higher visual fatigue than the P-book
group, but no significant difference between P-book and iReader groups.

For the retention test, the main effect was marginally significant (p = 0.054).
The Word group scored significantly higher than the P-book group, but no
other pairwise differences were significant. When reading time and gender were
included as covariates, the difference across conditions became non-significant,
indicating that reading time accounted for the Word group’s higher retention
scores.

Transfer test results showed a significant main effect. The P-book group sig-
nificantly outperformed both the iReader and Word groups, while the iReader
group scored higher than the Word group but not significantly. After controlling
for reading time and gender, the P-book group still significantly outperformed
the Word group.

Cognitive load (computed by converting four component ratings to Z-scores and
summing them) showed a significant main effect. The Word group experienced
significantly higher cognitive load than both the iReader and P-book groups,
with no significant difference between the latter two.

Discussion
This study examined the mechanisms underlying differential reading effects
across media by comparing a high-background-information paper reading
condition (P-book), a medium-background-information electronic condition
(iReader), and a low-background-information electronic condition (Word). Re-
sults showed that the P-book group outperformed the Word group in transfer
tests, cognitive load, reading speed, and visual fatigue, and also outperformed
the iReader group in transfer tests. The iReader group performed better than
the Word group across these measures, though significantly so only for reading
speed and cognitive load. We conclude that reading performance is influenced
by both reading medium and background information cues in the reading
environment. Background cues in paper-based environments can alleviate
visual fatigue, reduce cognitive load, and improve reading speed; however,
knowledge comprehension is more susceptible to reading medium effects, with
paper books being more conducive to knowledge understanding.

The reading medium mechanism was supported regarding transfer effects. This
aligns with previous research showing better comprehension with paper reading
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[8], confirming that reading on electronic screens impairs understanding [29].
According to activity theory, tool use in the environment affects cognitive so-
cialization and social-cognitive skill acquisition [30]. Electronic tools like screens
and mice may affect reading cognitive processing [31], with toolbars, hyperlinks,
and scrollbars in Word increasing cognitive load and attentional interference,
thereby impairing comprehension [32].

While the cognitive map mechanism was not fully supported for transfer effects,
we speculate that mental map construction in reading comprehension is sub-
stantially related to hand sensory experiences and actions, particularly touch.
Fortunati and Vincent [33] found through qualitative analysis that university
students experience more multi-sensory engagement and meta-communicative
feelings during paper reading, with manual page-turning and writing providing
more benefits than mouse and keyboard use [34]. The iReader condition’s lack
of tactile sensory experience may have hindered cognitive map construction or
retrieval for transfer effects.

However, the cognitive map mechanism was supported for cognitive load, visual
fatigue, and reading speed. According to this perspective, readers construct men-
tal maps of knowledge based on spatial information distribution across pages
[18]. Paper environments provide rich background cues that facilitate cognitive
map construction and reduce cognitive load and visual fatigue [16-17]. Elec-
tronic environments lack these spatial cues [10], hindering effective cognitive
map construction [15] and increasing cognitive load. This aligns with previous
research on cognitive load [3] and visual fatigue [1].

Limitations and Future Directions

This study has two limitations. First, we used lengthy learning materials requir-
ing over 30 minutes of reading, which are more difficult and demanding than
narrative texts. This limits generalizability to novel reading, though previous
research on novels [20] and comic books [18] also favors paper reading. Future
research should compare different text types. Second, our study used single-
task reading environments, whereas real-world electronic reading often occurs
in multi-tasking contexts with higher cognitive load and working memory de-
mands. Future studies should explore multi-tasking environments, which are
more ecologically valid.
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