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Reading development in the digital age
Li Hai Tan1,2 *, Min Xu2,3 *
The rapid development of digital technology has led to massive changes in the way we communicate and the way we read. In contrast to the
focused, uninterrupted and me-consuming cogni ve processes that are vital for successful reading, digital technology greatly emphasizes on
rapid and massive informa on processing. Accumulated evidence has suggested that the reliance on digital media makes reading shallower,
more fragmented and less a en ve. Digital technology has an even more profound impact on Chinese reading development, with brain and
behavioral evidence showing that increasing dependence on electronic modes is associated with weaker cor cal ac va ons and a marked
decrease in reading ability. Here we provide an overview of the impact of digital technology on reading development, and urge cau on in the
rush to a complete transi on to digital learning while abandoning classic methods of learning, such as handwri ng.
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Written language – a recent cultural invention that emerged about
five thousand years ago – plays a critical role in knowledge spread
and continuity of human civilization. The ability to read or make
sense of written symbols therefore serves as an important portal
to knowledge. Reading, a crucial skill for children to master, is
not only necessary for academic success, but is also important
for maintaining a decent quality of life in our increasingly literate
society.
In the digital age, students are currently immersed in information
technology and future generations will continue to do so, leading to
massive changes in the way we communicate and the way we read.
For instance, electronic forms of communication via computers,
cell phones, and other devices make digitized books accessible with
superior flexibility, allowing education to move from the traditional
paper-and-pencil method to a digital approach. While rapidlyevolving digital technology makes a learning revolution possible, it
comes with some serious risks and side effects. Increasing research
has been performed to examine the impact of digital technology
usage on memory (1), attention and cognitive control (2), motor
skills (3), and so on. Digital technology greatly emphasizes on
rapid and massive information processing in quick and interactive
modes of communication, which is in sharp contrast to the focused,
uninterrupted and time-consuming cognitive processes that are vital
for successful reading. Its impact on reading development has thus
attracted considerable attention (4–7), raising a concern that the
advent of digital media makes reading shallower, more fragmented,
and less attentive. Frequent exposure to digital technology, while
it affects adults too, has been reported to influence children more
profoundly. As children’s reading ability develops through explicit
training, their highly plastic brains can more easily be habituated to
the environmental stimuli (8).
Research indicates that reading electronic books is less efficient
than reading traditional print books (9–11), though electronic texts
have many advantages such as easy updates, quick sharing, and
embedded with multimedia and interactive content. For example,
built-in hyperlinks in the text have been found to impair reading
performance, probably due to increased demands of decisionmaking and visual processing (12). In addition, readers who click
on too many hyperlinks can easily be distracted and lose track of
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the text (13). Moreover, readers with weak working memory and
weedy prior knowledge are particularly susceptible to the negative
influence of digital reading (12, 13), as they have fewer available
cognitive resources for reading comprehension.
Furthermore, with multiple streams of content available from
electronic devices (e.g., web surfing, text messaging, music, video,
and so on), children who read using computers and cell phones
become increasingly engaged in multitasking behaviors, which
are consistently linked to increased distractibility and poorer academic performance (14). Ophir et al. reported negative impact
of media multitasking on cognitive control; in particular, heavy
media multitaskers showed reduced ability to filter interference
from irrelevant environmental stimuli (2). The observed decreased
cognitive control performance in the heavy media multitaskers
was associated with reduced gray matter density in the anterior
cingulate cortex (15), a region critical for cognitive control and
conflict processing. The distraction and interruption introduced by
digital reading increase the complexity and difficulty of reading,
and children, whose attention systems and executive functions are
immature, are especially at risk.
The impact of digital technology is even more profound on Chinese reading development. It has been demonstrated that increasing
reliance on electronic modes over handwriting is accompanied by
a marked decrease in reading ability of Chinese children (7). In
a sample of nearly 6000 primary school Chinese children, the
overall incidence rate of children with severe reading difficulty,
defined using the same criteria as 15 and 30 years ago, is 28%,
which is much higher than ever reported. Further, children’s reading
performance significantly decreases with their utilization of the
pinyin (romanization) input method and electronic devices, but
increases with their time spent on handwriting (7). This finding
is corroborated by He et al.’s study, which showed that electronic
device usage significantly increases the risk of Chinese dyslexia in
a sample of 5063 primary school children (16).
A recent fMRI study by Zhou et al. further demonstrated
the impact of pinyin typing on neurodevelopment of reading
in Chinese school-aged children (17). They found that more
frequent usage of pinyin typing and digital devices in children
was associated with overall weaker cortical activations, weaker
functional connections, and reduced gray matter volume within the
reading cortical network, suggesting that reliance on typewriting
over handwriting may interfere with children’s neurodevelopment
of reading. It should also be noted that children are not the only ones
who are negatively affected by excessive daily usage of electronic
devices. Recent studies showed that frequent usage of electronic
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devices in adults led to reduced or inefficient coordination of
cognitive resources during reading at both behavioral (18) and
neurocognitive levels (19). Hsu et al.’s fMRI study showed that
adults who frequently used electronic devices had lower activity in
the left inferior frontal gyrus and left insula during reading – regions
that play an important role in language processing and attention
switching (19).
In written Chinese, graphic units (characters) map onto morphemes and syllables, rather than phonemes. The challenging
properties of Chinese characters (visually complex forms without
phonemic constituents) lead to a prevalent strategy for learning to
read by repeatedly writing/copying the characters (20, 21). Through
writing, children learn how to deconstruct characters into strokes
and stroke patterns, then regroup these stroke patterns into a square
unit, and with practice, to establish long-term motor memory of
Chinese character writing. Research has consistently demonstrated
the importance of handwriting in Chinese reading development (7,
20, 22). On the other hand, the pinyin input method, which is
used by more than 97% of computer users in mainland China,
does not require the users to construct the characters by combining
strokes, as one would do in writing characters by hand. The
pinyin input method allows users to input a Chinese character by
typing its pinyin spelling, a phonetic transcription of the character’s
pronunciation, and then selecting the desired character from a
list of characters sharing the same pinyin spelling (see Fig. 1).
Visuospatial properties of characters indispensable to Chinese
reading are never involved during the typing process, and thus this
typing method seems to interfere with the learning of the graphical
representation of Chinese characters during reading acquisition.
Indeed, it has been found that people who used pronunciationbased input methods (e.g., pinyin input method) performed poorer
in reading ability tests than people who used orthographic-based
input methods (e.g., stroke-based input method or handwriting on
electronic devices) (23).
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preserving and promoting Chinese characters, such as the Chinese
Characters Dictation Contest aired on China Central Television
(CCTV) during prime time. These programs have reinvigorated the
enthusiasm for writing characters among Chinese people.
Chinese reading is not the only skill that benefits from handwriting. Previous studies demonstrated that the effect of learning
letter stimuli through handwriting is better than learning through
typing (25, 26). In a neuroimaging study, Nakamura et al. reported
a universal writing-on-reading effect across languages, showing
that reading handwritten words activated a left frontal pre-motor
area that is involved in handwriting in both Chinese and French
readers (27). This finding suggests that handwriting is a powerful
procedure for establishing high quality representation of written
word form knowledge (28, 29).
The declining reading and writing abilities, alongside the
increasing reliance on digital devices and the internet, may
accelerate the rate of language endangerment and language death.
Due to the limited number of languages currently supported by
existing digital devices and the internet, there is a very poor online
linguistic diversity. According to the 2015 Broadband Progress
Report published by the United Nation Broadband Commission,
only 5% of the world’s languages are represented on the internet,
and the internet’s content is dominated by a few major languages
(e.g., 55.2% of the 10 million most popular websites are in
English) (30). As a result, digital communication in modern society
compels people to learn and communicate using the dominant
language online, whereas fewer and fewer people would read and
write the languages that do not have a digital future.
The digital age is opening new opportunities for richer learning
environment for children, but it is also challenging their development of reading and writing abilities. We urge caution in the rush to
a complete transition to digital learning and digital education while
abandoning the classic methods of learning, such as handwriting. To
meet the grand challenges, action must be taken to balance the use
of digital technology with the traditional critical factors for human
development.
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Fig. 1. An example of using the pinyin input method to type the Chinese character
"一" (pinyin "yi", meaning "one").
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