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Different approaches to stimulating perceptions in learning can be easily designed

with technology-enhanced learning systems. This study aimed to explore how different

approaches can influence learners’ perceptions that may negatively or positively affect

their learning performance of writing Chinese characters using the correct Chinese order

of strokes (COS). We therefore designed an e-learning system which was subdivided

into two modes: stroke-appearing (i.e., using red to mark incorrect strokes) and

stroke-disappearing (i.e., using blanks to mark incorrect strokes) to indicate strokes

written in the incorrect order.We then investigated themodes that would facilitate a higher

level of attention and better learning outcomes. A total of 10 third-grade elementary

school students participated in the experiment, divided into two test groups. Their EEG

data were collected, and time series analysis and t-tests were utilized to analyze the

differences. The results indicated that: (1) there was a significant difference in the attention

levels of the students practicing with the stroke-appearing and stroke-disappearing

modes when learning COS, and (2) there was a significant difference in the learning

outcomes of the students practicing with the stroke-appearing and stroke-disappearing

modes when learning COS. These findings support the specific role of stroke order

knowledge in learning Chinese characters and the need for the design of an effective

method for teaching children to learn Chinese characters.

Keywords: Chinese learning attention, Chinese order of strokes, human-computer interface, learning

performance, visual perception

INTRODUCTION

There are many different modes of practice which can contribute to performance gains (Ossmy
and Mukamel, 2018), and there is ongoing scientific research on what actually constitutes optimal
practice. Researchers have argued that action perception stimulates activity in motor pathways,
while also modifying behavior and facilitating learning. It has been found that observing an action
leads to the observer activating the corresponding motor plan (Heyes, 2011; Cook et al., 2014). This
motor mirror system phenomenon plays a critical role in the promotion of imitation learning and
action understanding (Rizzolatti and Craighero, 2004; Bastiaansen et al., 2009; Cook et al., 2014).
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Writing exercises have been found to help improve Chinese
memorization of Chinese characters (Hsiung et al., 2017), and
hastening writing tasks that provide accurate Chinese character
writing (Jaganathan and Lee, 2014). By characterizing sensory-
evoked activity in the stroke order when writing Chinese
characters, we designed two modes of sensory-evoked activities
for participants to practice Chinese order of strokes (COS),
namely stroke-appearance (i.e., marking the forgotten strokes
in red) and stroke-disappearance (i.e., marking the forgotten
strokes with blanks) to explore how two modes of action
perception would implicitly modify memory. We could then
highlight the effects of perception on Chinese stroke acquisition.

Heyes (2001) proposed the associative sequence learning
(ASL) theory, according to which the perception-action links
which mediate the mirror system arise mainly from the
experience of observing and executing the same actions (Cook
et al., 2014). Consequently, the mirror system is directly affected
by visuo-motor training with incompatible mappings, allowing
learners to acquire counter-mirror properties (Heyes et al.,
2005; Catmur et al., 2007). In line with this, the mechanisms
underlying the modulation effects of COS have rarely been
examined with respect to learning by imitation that directs
visuo-motor matching learning. Thus, for this study we designed
a COS system with two modes (i.e., stroke-appearing and
stroke-disappearing) for third-grade students to practice writing
Chinese characters. The parameters of the system were designed
to enhance students’ attention and learning outcomes.

Stroke order is regarded as one of the efficient ways to
recognize Chinese characters. There are two main methods of
recognizing Chinese characters, namely stroke order sequence
and the definition of between-primitive distance measurement
(Tung and Jean, 2018). Writing production processing which
involves writing execution may evoke the orthographic process
of reading through a kinesthetic gesture orthographic code
system or the connection between visual orthography andwriting
motion (Yin et al., in press). The writing process without visual
feedback can modulate orthographic processing when reading
Chinese characters (Yin et al., in press). It has been proposed
that the processes of learning Chinese might establish a motor
gesture decoding system for recognizing Chinese characters (Yin
and Zhang, 2021). An empirical study revealed that writing
exercises help foreign language learners learn Chinese characters,
but stroke order learning may not significantly improve the
recognition of Chinese characters (Hsiung et al., 2017). This
result may be explained by the stroke-number effect, which
proposed that the absence of a stroke-number effect may reflect
a parallel or holistic strategy (Jiang et al., 2020). However,
there are no consistent results showing that stroke-number
effect may affect the recognition of Chinese characters (Jiang
et al., 2020). A meta-analysis study compared the learning
outcomes of typing and handwriting in Chinese, the results of
which revealed that handwriting had positive effects on Chinese
learners’ orthography recognition and orthography-semantic
mapping at both the character and lexical levels (Lyu et al.,
2021). The most conventional way to learn Chinese characters
is to provide cross-grid lines and to ask learners to trace the
strokes and characters. The interactive function of tracing fade-
out strokes could be a scaffold for Chinese character writing (Xu

et al., 2020). Learners’ attention seems to be a critical factor that
affects their learning outcomes. A previous study proposed that
sustained attention and inhibition does not significantly support
the relation to task performance (Guo et al., 2021). However, few
studies have made a comparison of two approaches of attracting
attention; therefore, the present study utilized EEG to explore the
difference in the attention of the two test groups.

THEORETICAL BACKGROUND

Attention
Comparable with goal-directed attention, orienting from
memory is dependent on internal representations; these
representations can, however, guide attention reflexively without
volitional control (Hutchinson and Turk-Browne, 2012). Central
vision will process any objects for perceptual recognition, or
as targets for action. This makes higher acuity information
regarding that object available for any behavioral purposes.
According to the above theory, spatial attention is instantiated
within the motor system (Similä and McIntosh, 2015). Guitart
et al. (2019) also pointed out that visual attention is an important
factor of the understanding process. Therefore, the planning of
a goal-directed action is both necessary and sufficient to result
in a shift of visual attention to those cues. A range of practical
strategies have been developed by research psychologists with
the aim of improving performers’ concentration skills (Greenlees
and Moran, 2003). These strategies aim to help performers
achieve a focused state of mind in which there is no difference
between what they are thinking about and what they are doing
(Kremer and Moran, 2012). This raises the question of whether
the strategies of stroke-appearing and stroke-disappearing
depend on shared or separate selective attention mechanisms.
This study aimed to answer this question.

Learning Outcomes
The “focus of attention”mechanism enables the use of cue stimuli
to improve readiness and engage motor preparation processes
(Handy et al., 2003). The research result of Lin et al. (2021)
also verify that attention plays an important role of Chinese
character recognition. Yantis and Serences (2003) suggested
that the appearance of a new object might have the advantage
of automatically triggering selective attention. Learners’ visual
attention will track by what they have seen (Wang et al., 2019).
However, other studies (e.g., Pratt and McAuliffe, 2001) have
proposed that selective processing can be triggered by any salient
transient, including the disappearance of visual features. Since
reflexive mechanisms of attention could be triggered by both
the appearance and disappearance of objects (Hopfinger and
Maxwell, 2005), a question that arises is how the visually guided
cues in the COS system with the stroke-disappearing and stroke-
appearing modes could affect learning effectiveness. Further,
we aimed to explore which design modes would significantly
improve the students’ learning outcomes.

RESEARCH HYPOTHESES

Although e-learning has been shown to have many advantages
for students’ learning, students may still lose attention and focus.
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Such negative effects on students’ engagement in e-learning
could well be the result of their needs for multiple modes of
support (McCombs and Vakili, 2005). They may also be due to
the failure to represent learning content with effective design
strategies (Botturi et al., 2006; Hwang et al., 2008; Li et al., 2021).
Hedges et al. (2013) stated that timing is important for play
activities and for the development of attention and learning, and
that almost everything has a temporal component; in particular,
neuronal activity changes over time. Based on the above studies,
we considered time as an independent variable and the level of
attention as a dependent variable, and hypothesized that students’
attention would be affected as time passes. A research hypothesis
is therefore proposed as follows:

Hypothesis 1: There is a linear relationship between attention
level and time.

Burns et al. (2011) argued that not all instructional materials
have a significant impact on learners’ understanding. However,
a number of studies have suggested that the structure of learning
content can have an important influence on the level of attention
that learners pay to it (Bartsch and Cobern, 2003; Hosam et al.,
2010). Based on the above argument, we aimed to investigate
which mode of missing strokes in COS learning would facilitate
attention. Thus, we propose the following hypothesis:

Hypothesis 2: There is a significant difference in the attention
level of the stroke-appearing and stroke-disappearing groups
when practicing COS.

According to Islam’s (2013) findings, the use of e-learning
systems can have a weak influence on students’ academic
performance, while Shih et al. (2008) argued that e-learning
systems may not be beneficial in all learning situations. However,
Stettler and Francis (2018) found that the classification of images
requires the design of a human visual system that promotes
good learning. Pituch and Lee (2006) suggested that all those
involved in developing, designing, and purchasing e-learning
systems should take the needs and values of the system users
into careful consideration, and ensure that the system is able
to meet those demands. In general, if learners perceive a high
degree of system functionality and content features, there would
be a higher performance level in e-learning. Based on the above
literature, it is worth considering testing the learning outcomes
of different modes of an e-learning system (e.g., stroke-appearing
and stroke-disappearing). Hence, our third research hypothesis is
proposed as follows:

Hypothesis 3: There is a significant difference in the learning
outcomes of the stroke-appearing and stroke-disappearing
groups when practicing COS.

RESEARCH INSTRUMENT

Materials
Hong et al. (2009) suggested that Drill and Practice with time
pressure can be used to encourage players to work on a task
by correctly applying knowledge, and can give them more
opportunities to exercise strategies other than memorization.

In addition, Plass et al. (2014) examined the two design
factors of color and shape to investigate which may evoke
positive emotions. Accordingly, in this study we designed a COS
e-learning system to be used as Drill and Practice material.
The system was designed with two perception modes: stroke-
appearing and stroke-disappearing. When practicing with the
appearing mode, if a mistake is made in the order of writing a
stroke, the wrong stroke will appear in red on the screen. When
practicing with the disappearing mode, the incorrect stroke will
disappear. Table 1 shows how to play the Chinese character
stroke order game.

How to Play
The research instrument, the COS e-learning system, is a
computer adapted system. The administrator can add Chinese
characters to the COS platform. For the purpose of this research,
we added Chinese characters based on the Chinese textbook used
by the participants. For third-grade elementary school students,
there are eight lessons introducing 100 characters in the first
semester. The administrator ensured that the stroke order of
each character was correct. In this study, we chose Lesson 1
as the target content. All of the participants used a mouse
to write the Chinese characters, for both the appearing and
disappearing modes, while practicing COS. Table 1 compares the
two modes of COS practice. When learners practiced COS in the
stroke-appearing mode, a stroke written in the wrong order was
shown in red. In contrast, in the stroke-disappearing mode, if a
mistake was made in the order of a stroke, the incorrect stroke
disappeared. After practicing, the block window showed learners
their score, the practicing time, and the percentage of correct
and incorrect answers. The scoring formula in COS is as follows:
100 – (number of incorrect strokes × number of trials)/(total
number of strokes× 100).

METHOD

Participants and Measuring Apparatus
Ten third-grade students from an elementary school in Taipei
participated in this study. There were five boys and five girls,
all between 7 and 8 years old. The students were native Chinese
speakers with standard accenta, and they were unaware of the
purpose of the experiment.

Participants’ attention was recorded with an
electroencephalogram (EEG) apparatus. EEG is defined as
alternating electrical activity that is detected and recorded by
metal electrodes and conductive media placed on the surface of
the scalp (Niedermeyer and Lopes da Silva, 1993). Human EEG
studies posit that the alpha oscillations play a key role in visual
attention (Thut et al., 2006; Sauseng et al., 2009). It has been
found in previous EEG studies that sustained modulations of the
oscillatory α-band (8–14Hz) activity reflect changes related to
attention due to the anticipation of visual events (Babiloni et al.,
2002). In teaching, if applied to language, mathematics, and
other e-learning materials, the EEG apparatus can be employed
to monitor students’ attention level to determine whether the
mode enhances the students’ learning attention (Aziz-Zadeh
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TABLE 1 | Comparison of the COS game modes.

Appearing mode Disappearing mode

When the player writes a stroke in the incorrect order, the wrong stroke will

be shown in red.

When the player writes a stroke in the incorrect order, the wrong stroke will

become invisible.

After the learner finishes writing each Chinese character, the screen will

display the strokes written in the wrong order in red.

After the learner finishes each Chinese character, the strokes written in the wrong

order will become invisible. The invisible stroke is marked by a blue circle below.

When learners finish the game, a window will display the score, the number of times the character has been tested, and the percentage of

correct and incorrect stroke orders. Learners can click on the bottom to re-play the game.

et al., 2006). Thus, in this study we used a simple EEG apparatus
to investigate participants’ visual attention.

Procedure
We used the COS e-learning system to test students’ performance

of writing Chinese characters with corrective feedback. Five of

the participants were randomly assigned to the stroke-appearing
group and five to the stroke-disappearing group. They practiced

three times for 10min each in an experiment session (i.e.,
one session a week over a period of 3 weeks). After the three
sessions were completed, we obtained the participants’ COS
scores. We obtained the “Learning outcome” for each group
(stroke-appearing and stroke-disappearing) by subtracting the
scores of the first experiment from the scores of the second
experiment. The result was used to analyze the difference between
the two groups.Moreover, all of the EEG data collected during the
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FIGURE 1 | Time series chart of stroke-appearance.

first experiment were realized in the frequency domain between
8 and 14Hz using the EEG processing software from which the
values of students’ attention were collected while they played the
first 5min of COS. These attention values were used to examine
the trend and analyze the differences between the two groups.

RESEARCH FINDINGS

The data analysis was conducted in two steps. Initially, we
employed a time series analysis based on data collected from
the EEG for attention level. Next, an independent-samples t-test
was conducted to analyze the differences in attention level and
learning outcomes.

Relationship Between Attention Level and
Practice Modes
The EEG data while students played the first 5min of COS were
collected as a unit every 15 s to compute the mean scores. Twenty
mean scores were computed to construct the time series charts.
The attention level detected by the EEG device was retrieved
from the database (Chen and Huang, 2014). A time series was
employed to observe the variation in students’ attention levels,
and the trend line was calculated as a linear regression of the
observed data using the least squares method, of which the
forecast regression equation is as follows:

Tt = b0 + b1t

where t is the unit of time, Tt is the value of forecast for the t
th

observation, b0 = Ȳ − b1 t̄ is the intercept of the trend line, and

b1 =
∑

tYt−(
∑

t
∑

Yt)/n
∑ 2

t−(
∑

t)
2
/n

is the slope of the trend line.

As evaluated over the available record of the stroke-appearing
mode (Figure 1), time and attention are fairly correlated (r =

−0.55∗∗∗, p < 0.001). It should be noted, however, that this

correlation was mainly driven by the time series’ strong linear
trends; that is, the least squares method can be utilized to
compute the regression equation, which was Tt = 66.47 −

0.34t(F = 42.50∗∗∗, p < 0.001), and the slope (b1) was equal to
−0.34, which indicated that students’ attention levels decreased
over time. As evaluated using the available record of the stroke-
disappearing mode (Figure 2), time and attention are fairly
correlated (r = 0.54∗∗∗, p < 0.001). Once again, the correlation
was mainly driven by the strong time series’ linear trends. That
is, the least squares method can be utilized to compute the
regression equation, which was Tt = 44.97 + 0.36t(F =

40.34∗∗∗, p < 0.001), and the slope (b1) was equal to 0.36,
indicating that the students’ attention levels increased over
time. The participants in the stroke-appearing group showed
decreasing attention levels over time, whereas those in the stroke-
disappearing group had increasing attention levels. Furthermore,
the intercept of the trend line of the stroke-appearing mode
was greater than that of the stroke-disappearing mode (66.47 >

44.97). It revealed that the stroke-appearing mode raised more
attention than the stroke-disappearing mode.

Attention Levels With Different COS
Learning Modes
One aim of this study was to determine whether there
were significant differences in the attention levels of the
stroke-appearing and stroke-disappearing modes of COS
learning. An independent-samples t-test was conducted to
examine the differences between the two modes in terms
of attention levels. Table 2 shows that the results of the
independent-samples t-test were t = 2.632∗ (F = 0.070,
p < 0.05) revealing that there were significant differences
in the attention levels of the stroke-appearing and stroke-
disappearing groups. The mean score for the stroke-appearing
group (M = 62.45, SD = 5.76) was higher than that of
the stroke-disappearing group (M = 49.21, SD = 9.67),
indicating that participants in the stroke-appearing group
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FIGURE 2 | Time series chart of stroke-disappearance.

TABLE 2 | Attention levels of the different COS modes.

Dimension modes N M SD F t p R2

Attention Stroke-appearing 5 62.450 5.757 0.070 2.632* 0.030 0.464

Stroke-disappearing 5 49.201 9.673

*p < 0.05.

were more engaged in learning COS than those in the stroke-
disappearing group. The result also showed that the effect
size was R2 = 0.464, meaning that 46.4% of the data could
be explained.

Learning Outcomes of Different COS
Modes
We also aimed to determine whether there were significant
differences in the learning outcomes of the stroke-appearing
and stroke-disappearing modes in the COS learning. An
independent-samples t-test was conducted to examine the
differences in the learning outcomes of the two modes. Table 3
shows that the results of the independent-samples t-test were
t = 2.593∗ (F = 0.363, p < 0.05), revealing that there were
significant differences in the learning outcomes of the stroke-
appearing and stroke-disappearing groups. The mean score for
the stroke-appearing group (M = 1093.67, SD = 207.95) was
higher than that of the stroke-disappearing group (M = 530.71,
SD= 438.70), indicating that participants in the stroke-appearing
group performed better while practicing COS than did those in
the stroke-disappearing group. The result also indicated that the
effect size was R2 = 0.457, meaning that 45.7% of the data could
be explained.

DISCUSSION

According to associative sequence learning (ASL) theory, the
perception-action links allow us to explore the mechanisms
underlying the modulation effects of COS by imitation
that directs visuo-motor matching learning. We designed a
COS system which was subdivided into two modes (stroke-
appearing and stroke-disappearing) for students to practice
writing characters, and we then examined the attention and
outcomes of participants when practicing COS with these two
different modes.

In examining hypothesis 1, the results of this study revealed
that there was a linear relationship between attention level and
time spent on COS learning. We found that under the stimulus
of different modes, it was clear that participants’ attention levels
altered over time. Interestingly, students’ attention decreased
in the stroke-appearing group as time passed, but increased in
the stroke-disappearing group; however, the stroke-appearing
mode attracted more attention than the stroke-disappearing
mode. The maximum of individuals’ sustained visual attention
is ∼5min (Nuechterlein et al., 1983), which may be caused by
mental fatigue (Van Cutsem et al., 2017). Jollie et al. (2016)
revealed that individuals tend to be affected by location-based
expectancies which are generated by predictive visual cues. These
findings were consistent with prior research. Hedges et al. (2013)
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TABLE 3 | Learning outcomes of the different COS modes.

Dimension modes N M SD F t p R2

Learning outcomes Stroke-appearing 5 1093.670 207.952 0.363 2.593* 0.032 0.457

Stroke-disappearing 5 530.710 438.696

*p < 0.05.

noted that timing is important for play activities and for the
development of attention and learning. It has also been shown
by several studies that adverse effects may result from a failure
to adopt appropriate learning content design strategies (Botturi
et al., 2006; Hwang et al., 2008). Our results support the previous
studies which found that there is a linear relationship between
attention level and time spent on COS learning.

In examining hypothesis 2, the results of this study revealed
that there was a significant difference in the attention levels
of students using the stroke-appearing and stroke-disappearing
modes when practicing COS. We found that the attention levels
of the stroke-appearing mode students were higher than those
of the stroke-disappearing group. Thus, stroke-appearing is a
better mode of learning than stroke-disappearing. Jiang (2018)
proposed a multi-level framework of spatial attentional control,
which considered that goals, perceptual salience, and selection
history are the major sources to maintain highly efficient spatial
attention. In short, the allocation and transfer of spatial attention
may be affected by visual cues. Handy et al. (2003) proposed
using cue stimuli that can enhance readiness and engage motor
preparation processes. Burns et al. (2011) found that not all
instructional materials can have a significant effect on learners’
understanding. Many other researchers have also suggested that
the structure of learning content can have an impact on the level
of attention learners pay to it (e.g., Bartsch and Cobern, 2003;
Hosam et al., 2010). The results of our study support those of
previous research as they indicate that there was a significant
difference in the attention of the stroke-appearing and stroke-
disappearing groups when practicing COS.

In examining hypothesis 3, the results of this study revealed
that there was a significant difference in the learning outcomes of
the students using the stroke-appearing and stroke-disappearing
modes when practicing COS. We found that the learning
outcomes of the group using the stroke-appearing mode were
higher than those of the group which practiced with the stroke-
disappearing mode. Thus, stroke-appearing is a better mode of
learning than stroke-disappearing; using an appropriate design
for learning content may assist learners and positively affect
their learning outcomes. Pituch and Lee (2006) suggested that
researchers should carefully consider the needs and values of
the system users and ensure that the system is well-developed
and appropriate for the learner. Even though Islam’s (2013)
study found evidence that e-learning systems can have a
weak influence on students’ academic performance, the results
of our study support those of other research (Stettler and
Francis, 2018) as they indicate that there was a significant
difference in the learning outcomes of students using the different
modes of learning content design, that is, the stroke-appearing

and stroke-disappearing modes for COS, and suggest that an
appropriate design will lead to a higher level of performance in e-
learning. Conversely, an inappropriate design will lead to a lower
level of performance.

CONCLUSIONS

As stroke exercises helped improve Chinese character
memorization (Hsiung et al., 2017), and are perceived to be
useful for producing accurate Chinese writing (Jaganathan and
Lee, 2014), we designed two modes of sensor-evoked activities
for participants to practice Chinese order of strokes (COS),
namely stroke-appearance (i.e., marking the forgotten strokes
in red) and stroke-disappearance (i.e., marking the forgotten
strokes with blanks) to explore how perception of these two
modes of action would implicitly modify memory, and then to
highlight the effects of perception on Chinese stroke acquisition.
The results of this study showed that the appearance of a cue
would promote the (Chinese) learners’ cognitive and affective
development. This suggests that although the simulated stroke-
appearing mode may have distracted the learners’ attention
as time passed, their learning outcomes were still better than
those of the students who practiced with the stroke-disappearing
mode, indicating that rich cues allow learners to focus their
attention, and consequently enhance their learning.

To summarize, in this study we adopted the theoretical
perspective of attention levels in order to study the cues of
learning effects on the learning of Chinese character writing.
Our findings indicate that the COS e-learning system may be an
important and effective mode for enhancing students’ Chinese
character acquisition, and especially that of elementary school
students. The findings of our study provide insights into Chinese
character processing during learning, and have implications
for the design of an effective method for teaching children
to learn Chinese characters. Most importantly, educators may
use COS e-learning in their classes as a method to simulate
immersion to bridge the gap between the classroom and the real
use environment.

LIMITATIONS AND FUTURE RESEARCH

The use of e-learning systems for teaching and learning
Chinese strokes has become a common phenomenon in
recent years. Although investigations of the different effects
of stroke-appearing and stroke-disappearing have focused
on attention levels and learning outcomes, there are other
variables that have also been shown to influence students’
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perceptions and performance in Chinese character learning
tasks. Where this study used the two modes of stroke-
appearing and stroke-disappearing to examine students’
attention and learning outcomes, future studies may attempt to
employ effective equipment or devices to explore participants’
emotional data and investigate participants of different genders
and ages.
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