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This study investigates the effects of visual mnemonics and the methods of presenting
learning materials on learning visually similar characters for Chinese-as-second-
language (CSL) learners. In supporting CSL learners to build robust orthographic
representations in Chinese, addressing the challenges of visual similarity of characters
(e.g., and ) is an important issue. Based on prior research on perceptual learning,
we tested three strategies that differ in the extent to which they promote interrelated
attention to the form and meaning of characters: (1) Stroke Sequence, a form-
emphasis strategy, (2) Key-images, a form + meaning strategy utilizing visual code,
(3) Pithy Formulas with Key-images, a form + meaning strategy combining visual
and verbal codes. A pretest–posttest equivalent-group design was adopted. The
independent variables were the learning strategy, the method of presenting character
pairs (visually similar vs. dissimilar), and testing time. The dependent variables were
learners’ proportions of accurate responses to reading and writing Chinese characters
through a posttest (immediately performed after learning) and a delayed posttest (1 week
after learning); a learner experience survey was also administered to investigate learners’
opinions on each strategy. Sixty-six non-beginning learners of Chinese participated;
they were randomly assigned to one of the two groups in which participants learned
ten characters via the three strategies, respectively, differing between whether the
characters were presented in similar pairs or dissimilar pairs. Data were analyzed
via three-way ANCOVAs. The Pithy Formulas with Key-images and the Key-images
generally yielded higher writing accuracy than Stroke Sequence immediately after
learning. Notably, the advantage of the Pithy Formulas with Key-images (verbal and
visual) over the Key-images (visual) on writing was specific to the participants that
learned with visually similar pairs rather than those that learned with dissimilar pairs.
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All strategies were effective for reading, yet learners’ experience ratings favored the two
form+meaning strategies over the strategy that focused primarily on form. Suggestions
for future research and pedagogical implications on learning visually similar characters
were offered.

Keywords: Chinese-as-second/foreign-language (CSL/CFL) learning, Chinese orthographic learning, material
presentation, visual mnemonics, visually similar characters

INTRODUCTION

Chinese writing contains the most complicated graphs in
the world (Chang et al., 2018), raising the difficulty in
character learning. The various combinations of multi-layered
orthographic units of Chinese graphs (e.g., strokes, radicals,
characters, and structures) conspire to present significant
challenges to Chinese-as-second/foreign-language (CSL/CFL)
learners (DeFrancis, 1989; Perfetti et al., 2005; Shen, 2005, 2013).
CSL/CFL learners often regard Chinese as the most difficult
language to learn (Yu, 2012). To become a skilled reader of
Chinese, however, the learners are expected to master 3,000
frequent characters (Ma et al., 2017) to achieve automatic
recognition and proficiency in character writing. In accumulating
character learning up to the thousands range, it is inevitable that
the learners would encounter visually similar characters, which
look alike orthographically (Perfetti, 1999).

Prior research has defined visual similarity as the degree
to which orthographic features of Chinese characters overlap
(cf. Yeh et al., 1997; Yeh and Li, 2002; Liu et al., 2011).
Specifically, a feature-based similarity analysis revealed that two
characters with the same structure, one common radical, and
stroke discrepancies in other radicals represent a highly visually
similar pair (Yeh and Li, 2002). For instance, the forms of and

seem to be almost the same at the first glance. However,
(mái), consisting of the components and , means “to bury,”
whereas (li), consisting of and , refers to “management.”
Such visual similarity has accounted for 75% errors in 4,100
incorrectly written characters in a computational linguistics study
(Liu et al., 2009). Indeed, interference from the visual similarity
to character learning is also evident in writing errors made
by CSL/CFL learners (e.g., Teng et al., 2008; Qin, 2014; Gan,
2020). In a larger analysis on 4,305 written responses from 144
CSL learners with different Chinese proficiencies (Teng et al.,
2008), errors at the stroke level were found to account for the
most variance in accuracy rate; among the variance of stroke
errors, over 50% belong to the omission and addition error
type. Moreover, the omission and addition errors were found
to be the most common error types in a systematic analysis
on beginning-to-intermediate CFL learners’ writing errors in
workbooks collected over the span of 1 year (Gan, 2020). The
results of the studies mentioned above on writing errors may
reflect that visual similarity of characters creates a huge learning
hurdle for CSL/CFL learners.

Based on learning theories investigating how learners
perceive, process, and maintain knowledge in learning, Chou
(2009a) suggested that both objective and subjective factors
may influence learning. The objective factors include, but

are not limited to, learning targets (e.g., visually similar
characters), learning strategies, and methods of presenting
learning materials. The subjective factors consist of motivational
and affective aspects (e.g., enjoyment in using strategies, the
usefulness of strategies, the ease of using strategies, and
learners’ willingness to use strategies in the future). Chou
(2009b) proposed that “learning by visual mnemonics” is the
most effective strategy for learning visually similar characters.
However, scientific examination on these proposals remains
scarce. To date, there have been no empirical investigations
performed with the aim of supporting CSL/CFL learners
to overcome the hurdles of distinguishing visually similar
characters. Further research is necessary, as the first languages
of the majority of these learners do not contain such
complex orthography.

To fill this gap, this study developed visual mnemonics
that differ in the extent to which they promote interrelated
attention to the form and meaning of Chinese characters. These
mnemonics were developed based on the dual-coding theory,
which postulates that information coded in both verbal and
visual codes has additive effects on memory (Paivio, 1986),
and the Elaboration theory, which proposes that learning
materials should be organized from simple to complex and
further into meaningful context (Reigeluth, 1999), to facilitate
complex compound learning. We sought to elucidate how
different strategies and methods of presenting characters may
influence the reading and writing of CSL/CFL learners with
basic knowledge of Chinese in terms of mastering visually
similar characters.

In what follows, we introduce the difficulties of learning
Chinese characters (1.1), empirical research on the learning of
visually similar graphs across writing systems and within the
Chinese writing system (1.2), learning strategies and the use of
visual mnemonics in supporting character learning (1.3), and the
present study (1.4).

The Difficulties of Learning Chinese
Characters
The Chinese writing system is logographic in nature, given
that its written symbols represent lexical morphemes instead of
individual phonemes (Perfetti and Dunlap, 2008). Learning
to read involves interconnections among three lexical
constituents – form (orthography), sound (phonology), and
meaning (semantics), based on the Lexical Constituency Model
(Perfetti et al., 2005). Such interconnections are complex for
Chinese characters because a syllable (sound) is associated
with many different morphemes (meaning) and different
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characters (form). On average, one syllable is shared by
eleven characters with different meanings (Language and
Teaching Institute of Beijing Linguistic College, 1986). Given
this characteristic of the form-sound correspondence, using
the sound to mediate the link between meaning and form is
difficult when learning to read Chinese (Perfetti et al., 2005;
Shen, 2005, 2013).

However, decoding (e.g., recognizing characters) and
comprehension are both critical skills in learning to read
(Hoover and Gough, 1990). This simple view of reading is
a profound notion in Chinese-as-first-language (L1) studies
(e.g., Ho et al., 2012) and second language research (e.g.,
Verhoeven and van Leeuwe, 2012). Based on this view,
mastering Chinese characters, measured by automatic reading
and proficiency in writing, lays a foundation and pervades
subsequent learning of the Chinese language. Nevertheless,
the task of learning characters is difficult because there are
tens of strokes, hundreds of radicals/components, various
structures/positions, and thousands of characters to be
memorized (Chen et al., 2011; Wang, 2011; Ma et al., 2017). Thus,
supporting learners of Chinese to develop robust orthographic
representations in reading and writing characters is important
(Koedinger et al., 2012).

To overcome the difficulties of learning Chinese characters,
developmental research on CSL/CFL learners’ orthographic
awareness has shown that learners’ sensitivity to components
with different functions (e.g., semantic or phonetic) may help
them to learn characters (e.g., Leck et al., 1995; Shen, 2005, 2013;
Shen and Ke, 2007; Kuo et al., 2015). For instance, Kuo et al.
(2015) reported that CSL learners with a novice-intermediate
proficiency level of ACTFL (American Council on the Teaching
of Foreign Languages, 2012) in reading and writing Chinese
can decode compound characters into informative semantic
components, showing radical awareness during novel character
learning. The compound characters, which are usually semantic-
phonetic compounds with one semantic radical signifying the
meaning and the other radicals suggesting the sound of the
compound, account for 90% of Chinese characters (Shen,
2005). Moreover, for compound characters, meaning cues from
the semantic radicals are relatively more reliable than the
pronunciation cues from the phonetic radicals (Ho et al., 2003).
For instance, in 6,097 characters (Chen et al., 2011), there
are 260 characters with the semantic radical “ .” In these 260
characters, 248 characters are related to the meaning of “hand”
or “motion”; the transparency of semantic radical “ ” is 95%
(248/260). On the contrary, the accuracy of the pronunciation
of an ideophonetic compound character from its phonetic
radical is approximately 40% (Shu et al., 2003). These analyses
were in line with CSL/CFL research, suggesting that learners
with intermediate-high proficiency predominantly use semantic
radicals, over phonetic radicals, in learning compound characters
(Taft and Chung, 1999; Williams, 2013).

Taken together, within the complex interconnections among
forms, sound, and meanings of characters, forms link more
reliably to meaning-bearing morphemes (Perfetti et al., 2005).
Given this relatively reliable association, this study aims to
investigate the plausibility of strengthening the form-meaning
links to help CSL/CFL learners overcome the hurdles described

above and more effectively differentiate between visually similar
characters, which are further described in the next section.

Empirical Research Within and Across
Writing Systems on the Learning of
Visually Similar Graphs
Visual similarity of graphs may influence the development of
high-quality orthographic representations (Perfetti, 2007), thus
contributing to difficulty in learning to read within (Hirshorn
and Harris, 2022) and across different writing systems (Chang
et al., 2018). Although the number of graphs in alphabets (i.e.,
single letters or letter combinations), typically ranging from 20 to
45 (Verhoeven and Perfetti, 2021), is much lower than Chinese,
visual similarity among alphabetic letters plays a prominent
role in the initial stage of learning to read: the perceptual
learning of graph forms.

Gibson’s (1969) theory of perceptual learning, investigating
over 70 years of studies with participants of all ages (for review,
see Adolph and Kretch, 2015), asserts that learning to read is
fundamentally learning to detect features that specify different
graphs through higher order relations (Gibson and Levin,
1975; Gibson, 1991). To examine the higher-order relations, a
series of studies manipulated the methods of presenting English
letters as learning materials (e.g., Samuels, 1969; Williams and
Ackerman, 1971), including appearance of letters (visually similar
or dissimilar letter pairs; i.e., b/d vs. b/s) and the method
of presentation (simultaneously or successively). With 88 first
graders as participants, Williams and Ackerman, 1971 showed
that presenting highly similar letters simultaneously led to
the worst outcomes. Contrary to the findings, Samuels (1969)
recruited 60 kindergarteners and randomly assigned them to two
groups (simultaneous vs. successive). Using highly similar letters
as materials, Samuels (1969) reported that the simultaneous
group outperformed the successive group in discriminating and
identifying the correct letter forms. While findings in English
research are mixed, these studies at least suggested that the
method of presenting learning materials matters.

Scientific studies on learning visually similar Chinese
characters are scarce and rarely focus on how methods of
presenting characters influence learners’ reading and writing. To
the best of our knowledge, only two journal articles have adopted
rigorous pretests and posttests between subject research designs
and reported comparisons on learners’ performance in learning
visually similar and dissimilar characters (Lin, 1997, 1998). In
both studies, characters were taught either by visual similarity
or visual dissimilarity. Learning performance was measured
via recognition and writing tasks. Findings revealed that first
graders with high or mid-range achievement of Chinese benefited
more from presenting characters with visual dissimilarity (Lin,
1997). However, for students with low Chinese achievement,
presenting characters with similarity yielded better writing
than presenting characters with dissimilarity (Lin, 1998). No
presentation difference was found in recognition. Although these
studies showed that methods of presenting learning materials
affect reading and writing, such findings came from L1 first
graders with low Chinese achievement, and the effects of
material presentation for CSL/CFL learners remain unclear. The
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present study aims to bridge this gap by adopting a rigorous
pretest–posttest equivalent-group design with non-beginning
learners of Chinese.

Meanwhile, visual similarity between characters caused
by stroke discrepancies represents a significant challenge
of orthographic learning for learners who have acquired
basic knowledge of Chinese characters, including L1 learners.
Chou (2009a) reviewed 94 journal papers on L1 learners’
character writing errors and also concluded that additive or
substrative stroke is one of the main reasons for writing
errors. These errors may keep recurring, resulting in further
confusion in distinguishing visually similar characters from
one another if the learners are not made aware of the
differences in strokes via explicit instructions. Therefore, Chou
(2009a) integrated perspectives from learning theories and
Grammatology, proposing seven guidelines for teaching visually
similar characters (e.g., learning characters by visual mnemonics,
such as images, memorizing characters by pithy formulas, and
reviewing characters by characters in a group). However, whether
these guidelines have empirical implications for CSL/CFL
learners’ learning visually similar characters remains to be
investigated. Therefore, this study attempts to shed light on the
beneficial effects of incorporating visual mnemonics in CSL/CFL
character learning.

Using Visual Mnemonics as a Learning
Strategy to Support Learning for
Chinese-as-Second/Foreign-Language
Learners
Visual mnemonics provide a learning strategy to strengthen
memory traces of orthographic and semantic constituents, in
acknowledging the relatively reliable connection between form
and meaning in Chinese characters. A visual mnemonic is
a learning technique used to aid the association of the to-
be-memorized information (e.g., forms and meanings) with
mediators (e.g., imagery to represent meaning), which are more
accessible to provide better retention and retrieval for learners.
The power of mnemonics has been widely acknowledged in
language education (for reviews, see Levin, 1993; Mohammad
and Ketabi, 2011), even in Chinese (e.g., Kuo and Hooper, 2004;
Shen, 2010; Wang, 2014; Packard, 2017). For instance, Chou
(2009b) advocated that “vocabulary by visual mnemonics” works
the best among her guidelines (Chou, 2009a) for teaching visually
similar characters.

By leveraging visual mnemonics and characteristics of
Chinese orthography, Chen et al. (2012) put forward a three-
stage character-based instructional (TCI) framework to support
character learning. The TCI framework is orthography oriented;
given the different orthographic features of characters, learning
can be facilitated with different strategies. The strategies
are broadly categorized into three stages: (1) logographic
character learning with Key-images, (2) component-deriving
character learning with characters in a group, and (3) complex
character learning with Pithy Formulas and Key-images. The
effectiveness of the TCI, especially the Key-images for learning
logographic characters, has been demonstrated in laboratories

(e.g., Chen et al., 2013; Chang et al., 2019) and classrooms (e.g.,
Lin et al., 2021; Tsai et al., 2021) in recent years. However, the
effects of Key-images on learning compound characters and the
effects of combining Pithy Formulas with Key-images on learning
visually similar characters remain to be investigated.

Key-images and Pithy Formulas are developed based on
cognitive theories, namely the dual-coding theory (Paivio, 1986,
1990, 2006) and the elaboration theory (Reigeluth, 1999). The
dual-coding theory postulates that human learning operates with
two subsystems (or “codes”) of mental representation: verbal and
non-verbal (i.e., visual). The visual code refers to mental imagery
of learning targets, and the verbal code indicates linguistic
features, which help learners to comprehend the meaning of
targets; although functioning independently, these two codes
can have synergic effects on recall (for reviews, see Clark and
Paivio, 1991). For the visual code, Key-images in the TCI (Chen
et al., 2012) are visual imagery deliberately designed to bind an
image of form with an image of target learning materials, thus
promoting learners’ attention to form + meaning to characters.
That is, a Key-image is designed to be both visually like the
form of a character and highly associable to its meaning.
Such design has been applied to 445 logographic characters,
available in CSL/CFL textbooks (Chen and Lin, 2015a,b; Chen
et al., 2021). As for the verbal code, pithy formulas are brief
sentences but full of information about the learning target.
Take the character “ ” for example, it can be decomposed into
components “ , , and .” The pithy formula for “ (jade)”
would be “‘ (Wang)’ ‘ (Bai)’ ‘ (rock)’ ” (Mr.
Wang and Miss Bai are sitting on a rock.).

The “ ” example is also an instantiation of elaboration, a
strategy to organize learning content into meaningful context,
helping learners to construct knowledge in their minds (Reigeluth
and Stein, 1983; Reigeluth, 1999). The Pithy Formulas in the
TCI (Chen et al., 2012) is more informative than the previous
one. For instance, the character “ ” can be decomposed into
components “ ” and “ ”; its Pithy formulas are “The judges
should say ( ) fair ( ) evaluations ( ) to the athletes.” In this
case, not only are the meaning of each component and their
compositions mentioned, but the meaning of the whole character
is explicitly shown. That is, such verbal code elaborates the part-
whole relationship in components characters (Nguyen et al.,
2017). Moreover, in combining Pithy Formulas (verbal code)
and Key-images (visual code), the synergic effects of dual codes
may enhance memory consolidation and further stabilize form-
meaning association in the learning of visually similar characters.
These effects merit further investigations.

In accumulating character learning experiences, adult
CSL/CFL learners may adopt various learning strategies (e.g., Ke,
1998; Shen, 2005; Winke and Abbuhl, 2007; Lam, 2011; Sung,
2012). In a comprehensive investigation with a semi-structured
survey and open-ended questions to CSL learners at different
levels, Shen (2005) identified 59 character-learning strategies and
reported that the most commonly used one is the orthographic-
knowledge-based strategy. The author interpreted this finding
based on the logographic nature of Chinese (i.e., the various
orthographic features and the absence of reliable form-sound
correspondence); the former may encourage form-emphasis
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strategies (e.g., focusing on stroke sequence), and the latter
may make use of form + meaning association strategies. Stroke
sequence, a form-emphasis strategy, presents how a character
is composed by strokes. Stroke sequence is a commonly used
strategy perhaps because students usually see stroke sequence
in textbooks along with character copying or writing exercises
(Jin, 2006). In some discussions on whether reading depends on
writing (Tan et al., 2005) or not (Bi et al., 2009), stroke sequence
as a learning strategy for supporting orthographic learning is
often mentioned because it probes the relationship between
reading and writing (Xu et al., 2013). However, although this
rote strategy is frequently used in Chinese language instruction,
CSL learners often see the process as uninteresting, and, thus,
they hope for a “pen-less” experience (Xu and Jen, 2005). Taken
together with the previously reviewed learning strategies, the
present study investigates the effects of form emphasis (e.g.,
Stroke Sequence) and form + meaning congruence (e.g., Pithy
Formulas and Key-images), with a consideration on learners’
affective opinions on each strategy.

The Present Study
Prior to the present work, previous studies had been performed
(Chang et al., 2019; Lin et al., 2021) with Key-images in
learning logographic characters for adult beginning learners of
Chinese, but there is a lack of empirical studies done with
CSL/CFL learners with a novice-intermediate proficiency level.
Therefore, we implemented a pretest–posttest laboratory learning
experiment, making this study the first attempt to apply Key-
images to learning visually similar characters and the first to
explore the degree to which the method of presentation may
influence learning visually similar characters for non-beginning
learners of Chinese.

The purpose of this study was to examine effects of three
learning strategies (Pithy Formulas with Key-images, Key-
images, and Stroke Sequence) and two methods of presenting
learning materials (visually similar pairs and dissimilar pairs) in
reading and writing visually similar characters for non-beginning
CSL learners. Based on the literature review, we asked the
following research questions:

(1) What are the effects of learning strategies (Pithy Formulas
with Key-images, Key-images, and Stroke Sequence) on
learning to read and write visually similar characters?

TABLE 1 | Pairs of learning materials (30 characters; 15 pairs in each group)
between both groups (i.e., similar vs. dissimilar groups).

Characters learned Characters learned

in the similar group the dissimilar group

Block 1 Block 2 Block 3 Block 1 Block 2 Block 3

(2) What are the effects of presenting materials (similar vs.
dissimilar pairs) on learning to read and write visually
similar characters?

(3) Is there an interaction between the three learning strategies
and two methods of presentation in reading and writing
visually similar characters over time (immediately after
learning and 1 week after learning)?

(4) How do CSL learners perceive their learning experience
with these strategies in terms of enjoyment, usefulness, ease
of use, and willingness to use in the future?

MATERIALS AND METHODS

Design
A 3 (learning strategy)- × -2 (method of material presentation)-
× -2 (testing time) mixed design was carried out with learning
strategies (Pithy Formulas with Key-images, Key-images, and
Stroke Sequence) and testing time (immediate posttest and
delayed posttest) as two within-subject variables; the method
of presentation (similar and dissimilar groups) as a between-
subject variable. The dependent variables were the accuracy of
character recognition and writing, with additional measures of
learner experience ratings on the three learning strategies.

Participants
We determined a sample size of 66 by conducting a priori
power analysis for sample size estimation using G∗Power 3 (Faul
et al., 2009) for an F-test at a 5% type one error level, 80%
power, and Cohen’s f = 0.4 effect size, as assessed by a pilot
study. We followed the methodology implemented in Chang
et al. (2019), and we interviewed the participants in the pilot to
determine the presentation duration, ensuring our participants
had sufficient time to absorb the content. The 66 participants
(26 females) were students who studied Chinese in Taiwan.
They studied traditional characters and reported that they had
been using Hanyu Pinyin, a phonetic transcription system of
spoken Mandarin Chinese. Their ages ranged from 18 to 43 years
old (M = 28, SD = 7.12). Twenty-two of them came from
the United States, 22 from Europe, and 22 from Asia. They
reported the following background information, as assessed by
a language history questionnaire (Tokowicz et al., 2004): (1)
have an above-A2 level of Chinese according to the Common
European Framework of Reference for Languages (CEFR), (2)
have lived in Taiwan for more than 3 months, (3) right-handed,
(4) have normal or corrected-to-normal vision, (5) have normal
hearing, and (6) have no history of having any learning disorders.
They received monetary compensation for their participation.
This study was approved by the Institutional Review Board (IRB)
of a university in northern Taiwan.

Stimuli
Thirty traditional Chinese characters were selected from the
Chinese Orthography Database (Chen et al., 2011). Given that
visually similar characters were of the focus in this study, these 30
characters were selected based on the following considerations:
(1) all are compound characters; (2) all composing components
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have corresponding Key-images; (3) the visually similar pairs
belong to the type of additional-or-subtractive strokes to enhance
visual similarity. For each similar pair, the characters were
matched by the following properties: (1) structure (left-right, or
top-down), (2) number of components (M = 2), (3) number of
strokes (M = 11) and the difference of stroke counts within a pair
all below 3, and (4) frequency of English translations (Brysbaert
and New, 2009). As for how these characters were paired together,
in the similar group, two visually similar characters were always
in a pair, whereas in the dissimilar group, two visually similar
characters were never paired with each other. For a careful design,
in the dissimilar group, we ensured that no identical radical was
shared by the two characters in each pair, and we minimized the
difference in stroke counts within each pair (M =1.60, SD = 1.40).

Table 1 provides a sample organization of the learning
materials in terms of their similar/dissimilar presentations;
Appendix 1 (see Supplementary Material) illustrates how these
materials are presented in the form of Pithy Formulas with Key-
images.

Measurement
The learning measures included a character writing task assessing
productive form representation and two recognition tasks
assessing form-meaning (Chinese to English) and meaning-form
connections (English to Chinese), respectively. In addition to
the learning measures, a learner experience survey based on
prior research (Chang et al., 2019) was given to assess the
participants’ attitudes toward each given strategy. These measures
are described below; instructions to participants and examples
for each learning measure are provided in Appendix 2 (see
Supplementary Material).

Character Writing
The writing task asked the participants to write a character
from memory based on a given prompt of English words. They
were encouraged to try their best in completing the task by
being promised partial credit for their responses. Responses
were scored by two schemes – an all-or-none scheme (character
scoring) and a continuous scheme (stroke scoring). Stroke
scoring is a partial-credit-given scheme; the score of a character
is a proportion of correct strokes produced (i.e., the denominator
is the character’s total number of strokes, and the numerator
is the number of correct strokes in the written response). In
contrast, character scoring is a strict scheme in which credit
(Score 1) is given only for an exact reproduction of the whole
character, while all other responses are scored 0. Scores from
these two schemes may reflect the extent to which learners
can recall and reproduce the character forms. Previous studies
supported the higher sensitivity of using stroke scoring relative
to character scoring (e.g., Chang et al., 2014, 2019) to assess the
degree of correctness of learners’ orthographic representation.
For instance, consider the scores for the character meaning
“evaluation” ( ). The written response would be scored 0 in
character scoring while coded as 83.33% (10/12) in stroke scoring.

Given that partial-credit-given scoring might involve different
judgments on each correctly placed stroke, one researcher scored
the entire set of written responses and a second researcher
independently scored one-third of the responses. These responses

were selected by stratified sampling, i.e., from the pre-test, the
immediate posttest, and the delayed posttest; one third of the
written responses were randomly sampled. Pearson product
moment correlation was performed on the cases scored by the
two researchers. Inter-rater reliability in stroke scoring was 99.%,
and inter-rater reliability in character scoring was 100%.

Character Recognition (Chinese to English and
English to Chinese)
The recognition task included two subtasks: Chinese to English
and English to Chinese, and a computerized multiple-choice
format was adopted for both subtasks. For the Chinese-to-
English recognition task, thirty characters were presented in a
random order on a screen. For each Chinese character, four
meanings (in English) were presented, including the correct
meaning and three distractor meanings that had been paired with
different characters from the same block. The participants were
instructed to choose the correct meaning and then proceeded
at their own paces. For the English-to-Chinese recognition
task, it was particularly designed to assess the participants’
orthographic representation of visually similar characters, i.e.,
the ability to differentiate one character from its visually similar
counterpart. This task reversed the direction of recognition by
showing English words (in a random sequence) and asking the
participants to choose the corresponding character. Each English
word had four candidates, including the correct character, the
character that was visually similar to the correct one, and two
other characters that had been paired with different meanings
from the same block. For both tasks, the accuracy rate was
calculated by dividing each participant’s correctly responded
items by the total number of items (i.e., 30) and multiplying
the result by 100.

Learner Experience Measures
The learner experience ratings assessed the participants’ opinions
of each learning strategy in four aspects: the level of enjoyment in
using the strategy, the usefulness of the strategy, the ease of using
the strategy, and their willingness to use the strategy in the future.
These aspects were based on the Technology Acceptance Model
(Davis, 1989), the most widely used framework for predicting an
individual’s likelihood to accept new technology. We switched the
idea of technology to learning strategy in this study, given that all
learning was carried out with computers, and we believe that it is
promising to combine the most accepted strategy with technology
in our next project.

The participants’ responses were made on a seven-point
Likert-type scale (1 = absolutely negative, to 7 = absolutely
positive). There were twelve questions in total, four questions
for each strategy, and the following are examples of questions
regarding use of the Key-images strategy.

(1) Enjoyment of use: Please rate, from 1 to 7 (least to
most), how much you enjoyed using the Key-images to learn
Chinese characters.

(2) Usefulness: Please rate, from 1 to 7 (least to most), how
useful you found the Key-images to learn Chinese characters.

(3) Ease of use: Please rate, from 1 to 7 (least to most), how
easy you found the Key-images to learn Chinese characters.
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(4) Willingness to use: Please rate, from 1 to 7 (least to
most), how likely you feel you would use the Key-images to learn
Chinese characters in the future.

In this study, Cronbach’s Alpha was used to test the internal
consistency of the measures. The coefficient was 0.73, indicating
reasonable reliability (De Vellis, 2003).

Procedure
The procedure of the study consisted of a pretest, a learning
session, a posttest (immediately after learning), and a delayed
posttest (1 week after learning). All were administrated in a
one-on-one fashion in an experimental lab with assistance from
trained researchers specialized in teaching Chinese as a second
language. Additionally, all learning measures were introduced
with a practice example to make sure that the participants
understood the instructions of the tasks.

Before the learning session, each participant was asked to
complete the pretest as described in the measurement; all pretests
shared the same form as used in the posttest and the delayed
posttest. Next, the participants were randomly assigned to either
the group that learned with similar pairs (the similar group),
or the group that learned with dissimilar pairs (the dissimilar
group). Both groups learned the same 30 characters (in pairs),
while the similar group encountered 15 pairs composed of
visually similar characters, and the dissimilar group encountered
15 pairs, consisting of visually dissimilar characters.

For the learning session, there were 3 blocks; a Latin square
design was adopted to balance the order of the strategy and
the order of the pairs. In each block, the participant used one
strategy to learn 5 pairs; within each block, the sequence of pairs
was randomized. Thus, all the participants experienced all three
strategies in learning different character pairs (30 characters in
total). Table 2 shows the Latin square design and the schedule for
these participants. The numbers represent the participants’ ID.

Pretest
A character writing task and two recognition tasks were
administered to assess individual participants’ prior knowledge
of the target characters. For participation eligibility, only when
the participants wrote no more than three characters out of
30 characters in the character writing task could they proceed
to the recognition tasks. Nine participants were excluded due
to their writing accuracy rates being higher than 10%. This
criterion was set by consulting prior research (Chang et al., 2014),
while all accuracy rates in the pretests, including writing and
recognition, were collected to track the participants’ learning
trajectories compared with immediate and delayed post-tests.
Table 3 shows the descriptive statistics (means and standard
deviations) of all pretests.

Learning Session
To enhance the internal validity of this study, the participants
were randomly assigned to one of the two groups. The
participants learned a pair on individual computers, displayed by
PowerPoint software (Microsoft Office, 2019). The participants
were instructed to refrain from any hand movement and to focus
on learning materials on the screen without auditory input; they

were informed that the display was completely controlled by the
computer program with the assistance of the administer.

The learning trial for each pair was divided into an observation
phase and a study phase. Figure 1 illustrates the trial for each
strategy; each trial lasted 30 s and the trial repeated for three
times before moving on to the next pair, leading to a 90-s learning
duration for each pair. The entire learning session for 15 pairs,
including two 1-min breaks, was approximately 23 min.

For each trial, specifically, the observation phase lasted for
23 s. First, an eight-s observation to a character’s form, sound,
and meaning was provided by the following sequence of events:
a character’s form was shown for 1 s, followed by 1-s pinyin
display, and then 1-s English translation display; then, the form,
pinyin, and the English translation were displayed together for 5 s.
Second, the next character in the pair was displayed with the same
time frames. Next, the participant had a seven-second exposure
to the pair’s forms, pinyin, and English translations together.
Furthermore, proceeding to the study phase that lasted for 7 s,
the participant was prompted to use a given strategy to study each
pair. Finally, this learning trial for one pair (30 s) repeated for a
total of three times before the screen moved on to the next pair.

Focusing on the three strategies that differed as to which
they promote attention to the form and meaning of characters,
Figure 2 presents an illustration for showing the three strategies
for learning the same character pair “ ” (meaning: evaluation
detail; pinyin: píng-xiáng). In the Pithy Formulas with a Key-
images block, a form + meaning strategy with visual and
verbal codes, key-images were accompanied by a few words,
explaining how to integrate key-images to help memorize the
form and meaning of the characters. In the Key-images block,
a form + meaning strategy with visual code, the key-images
were presented without explanations to the images. In the Stroke
Sequence block, a form-emphasis strategy, the stroke-by-stroke
sequences were accompanied by sentences, explaining the general
writing order of the characters. All display was static.

Immediate Posttest
After the learning session, the participants were given 5 min
to perform a distraction task (i.e., Task Load Index; Hart and
Staveland, 1988) to reduce recency effects in testing. Next, the
participants completed a writing task and two recognition tasks
in the same format as the pretest. After finishing the tasks, the
participants responded to a survey, asking about their experiences
with the three strategies (see section “Measurement”).

Delayed Posttest
One week after the learning session, to assess the maintenance
effect of the interventions, the participants were asked to
complete the same tests as they did in the pretest and the
immediate posttest. Finally, a paper version of the learning
materials and a debriefing sheet were given to the participants
after the completion of all the tasks.

LEARNING AND RETENTION RESULTS

The analysis of covariance (ANCOVA) was adopted to mitigate
the possible effect of the participants’ knowledge of learning
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TABLE 2 | An experiment schedule and Latin square design used for balancing the order of learning strategies.

Pretest Participants (N = 66) Learning blocks Post-test Delayed posttest

The similar group (n = 33) The dissimilar group (n = 33)

1/4/7/10/13/16/19/22/25/28/31 1/4/7/10/13/16/19/22/25/28/31 P K S
2/5/8/11/14/17/20/23/26/29/32 2/5/8/11/14/17/20/23/26/29/32 S P K
3/6/9/12/15/18/21/24/27/30/33 3/6/9/12/15/18/21/24/27/30/33 K S P

P, Pithy Formulas with key-images; K, key-images; and S, stroke sequence.

materials, given that our participants were not novice learners
of Chinese (Fisher, 1947). ANCOVA helps to adjust the posttest
means for pretest differences among intact groups (Dimitrov and
Rumrill, 2003). Thus, for all learning measures, while treating
the participants’ pretest as a co-variate, we conducted three-
way (3 × 2 × 2) ANCOVAs to examine the effect of learning
strategies (Pithy Formulas with Key-images, Key-images, and
Stroke Sequence) and presentation of character pairs (similar and
dissimilar) over time (immediately after learning and 1 week after
learning). Given that the pretest scores would be treated as co-
variates in ANCOVA, we also performed t-tests on the scores
between the pretest and those in the immediate posttest and the
delayed posttest for the two groups, respectively (all ps < 0.001).
As for the learner experience ratings, because this survey aimed
to investigate the participants’ experiences, we did not collect
pre-learning results as a co-variate. Thus, a one-way repeated
ANOVA was adopted to analyze the difference among the three
strategies, followed by Bonferroni-corrected paired comparisons
when the difference reached significance.

Statistical Package for the Social Science (SPSS) version 23.0
software was used. The significance level was set at α = 0.05,
and partial eta-squared (η2

p) was reported as an effect size; when
the difference reached significance, pairwise comparisons with
Bonferroni correction were performed to identify the pattern of
differences. Table 3 shows descriptive statistics for all learning
measures over time.

Character Writing Task
Both the continuous and the all-or-none scoring revealed that the
Pity Formulas with Key-images yielded higher writing accuracies
than the other two strategies immediately after learning. Also, the
interactions among strategy, group, and testing time varied by
scoring schemes.

Continuous Scheme (Stroke Scoring)
When scored at the continuous level, the Pithy Formulas with
Key-images showed generally better learning outcomes than
the Stroke Sequence strategy for both groups in the immediate
posttest. The test of regression homogeneity indicated that the
slopes did not significantly differ, F(2,124) < 1, which qualified
the hypothesis of regression homogeneity. Thus, we continued
the ANCOVA analysis. The three-way interaction was significant,
Strategy× Group× Time, F(2,126) = 4.34, p = 0.020, η 2

p = 0.07.
For the group that learned with similar character pairs, in the

immediate posttest, higher writing scores were found in the Pithy
Formulas with Key-images than those for Key-images (p = 0.006)
and Stroke Sequence (p = 0.002), while the scores for Key-images
and Stroke Sequence did not differ (p = 1.000). In the delayed

posttest, no difference was found among the three strategies (all
ps > 0.05).

As for the group that learned with dissimilar pairs, in the
immediate posttest, Pithy Formulas with Key-images also yielded
higher writing scores than Stroke Sequence (p = 0.046), while
other comparisons were not found (all ps > 0.05). In the delayed
posttest, there were no differences found for strategy used (all
ps > 0.05).

In addition to the significant three-way interaction, significant
main effects were also found: The Strategy main effect,
F(2,126) = 4.27, p = 0.016, η2

p = 0.06, reflected that Pithy Formulas
with Key-images led to writing scores significantly higher than
that of Stroke Sequence (p = 0.001) and marginally higher than
that of Key-images (p = 0.080), while no difference was found
between Key-images and Stroke Sequence (p = 0.397). The Group
main effect, F(1,63) = 4.51, p = 0.038, η2

p = 0.07, revealed that the
dissimilar group outperformed the similar group (p = 0.038). The
Time main effect, F(2,126) = 4.47, p = 0.038, η2

p = 0.07, showed
that all the participants scored higher in the immediate posttest
than the delayed posttest (p < 0.001). We did not find any two-
way interaction: Strategy× Group: F(2,126) < 1; Group× Time:
F(2,126) = 1.51, p = 0.224; Strategy × Time: F(2,126) = 1.69,
p = 0.188.

All-or-None Scheme (Character Scoring)
When scored at the all-or-none level, Pithy Formulas with
Key-images was the most effective strategy for both groups
immediately after learning. We used the pretest results as a co-
variate. The test of regression homogeneity showed that the
slopes did not differ, F(2,124) < 1; we continued to perform
the ANCOVA analysis. The only statistically significant result
was the interaction between Strategy and Time, F(2,126) = 4.20,
p = 0.017, η2

p = 0.06. In the immediate posttest, higher writing
scores were found in the Pithy Formulas with Key-images than
those in the Stroke Sequence (p < 0.001) and the Key-images
(p = 0.021), while the latter two did not differ (p = 0.793).
None of the differences lasted for the delayed posttest. The
following tests did not reach significance: three-way interaction:
Strategy × Group × Time, F(2,126) < 1; two-way interactions:
Strategy× Group, F(2,126) < 1, Time× Group, F(2,126) = 1.19,
p = 0.280; and main effects: Strategy, F(2,126) = 1.44, p = 0.242,
Group, F(1,63) = 3.67, p = 0.060, and Time, F(2,126) = 3.73,
p = 0.058.

Recognition
Chinese-to-English Recognition Task
For accuracy in choosing the correct meaning based on a given
character, no significant effect was found. Taking the pretest as
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a co-variate, the test of regression homogeneity showed that the
slopes did not differ, F(2,124) = 1.67, p = 0.192. In the follow-up
analysis, we did not find any significance: all Fs < 1 for Strategy,
Group, Time, and Strategy × Group × Time; Strategy × Group:
F(2,124) = 1.42, p = 0.245; Group × Time: F(2,124) = 2.30,
p = 0.134; Strategy× Time, F(2,124) = 1.98, p = 0.142.

English-to-Chinese Recognition Task
For accuracy in identifying correct Chinese characters
based on a given English word, scores in the English-
to-Chinese task reflected whether the participants can
correctly differentiate visually similar characters. Taking the
pretest as a co-variate, the test of regression homogeneity
showed that the slopes did not differ, F(2,124) < 1. In the
follow-up analysis, only the main effect of Strategy reached
significance, F(2,126) = 3.72, p = 0.027, η2

p = 0.06; but the
pairwise comparisons with Bonferroni adjustment did not
find any significant difference in any pair of strategies, all
ps > 0.35. No other significant effect was found: all Fs < 1 for
Strategy × Group × Time, Group × Time, Strategy × Time,
Group, Time; Strategy× Group, F(2,124) = 2.09, p = 0.128.

Learner Experience Ratings
The learners’ ratings of their experiences with each learning
strategy were made on four seven-point Likert scales. The
top of the scale (7) was the maximum positive response on
enjoyment, usefulness, ease of use, and willingness to use.
Figure 3 shows the mean ratings for these scales. The participants
gave the highest ratings to the Pithy Formulas with Key-
images on each scale. Strategy effects were significant for each
scale: Enjoyment, F(2,130) = 29.65, p < 0.001, η2

p = 0.313;
Usefulness, F(2,130) = 25.81, p < 0.001, η2

p = 0.284; Ease of
use, F(2,130) = 26.92, p < 0.001, η2

p = 0.293; Willingness to use,
F(2,130) = 16.66, p < 0.001, η2

p = 0.204. Both the Pithy Formulas
with Key-images and the Key-images strategies were rated more
enjoyable than the Stroke Sequence strategy (all ps < 0.001),
and the Pithy Formulas with Key-images was marginally more
enjoyable than the Key-images (p = 0.078). The participants rated
the Pithy Formulas with the Key-images more useful than the
Key-images (p = 0.045) and the Stroke Sequence (p < 0.001), and
the Key-image more useful than the Stroke Sequence (p < 0.001).
Similarly, for the ease of use, the Pithy Formulas with the Key-
images was rated easier to use than the Key-images (p = 0.016)
and the Stroke Sequence (p < 0.001), and the Key-images easier
than the Stroke Sequence (p < 0.001). Finally, for willingness
to use, the Stroke Sequence was rated lower than the Key-
images (p < 0.001) and the Pithy Formulas with the Key-images
(p = 0.003), while no difference was found between the Key-
images and the Pithy Formulas with the Key-images (p = 0.106).

DISCUSSION

This study supported non-beginning CSL learners to build
robust orthographic representations in Chinese by addressing the
challenges of learning visually similar characters. The learning
intervention was conducted via a combination of three learning

strategies (Pithy Formulas with Key-images, Key-images, and
Stroke Sequence, differing in the extent to which they promote
interrelated attention to the form and meaning of characters) and
two methods of presentation (visually similar vs. dissimilar pairs).
In the pretest–posttest equivalent-group design, the reading
and writing performances of 66 participants were measured
immediately after learning and 1 week after for retention.
The key findings were that (1) immediately after learning, the
Pithy Formulas with the Key-images yielded the highest levels
of learning in writing characters, regardless of the method
of presentation; (2) when presenting learning targets with
visually similar pairs, the Pithy Formulas with the Key-images
outperformed the Key-images and the Stroke Sequence in the
immediate writing; (3) the learners experience ratings favored
the two strategies involving the Key-images over the Stroke
Sequence. Previous studies examining the effect of the Key-
images usually had characters presented in a dissimilar fashion
and reported that the Key-images outperformed Stroke Sequence
(e.g., Chang et al., 2019). Our findings in the similar group
showed the effectiveness of integrating the Key-images and the
Pithy Formulas (a form+meaning strategy combining visual and
verbal codes) over the Key-images (a form + meaning strategy
utilizing visual code) and the Stroke Sequence (a form-emphasis
strategy), suggesting greater applications of the Key-images in
supporting visually similar character learning.

The discussion is organized as follows: first, we discussed the
impact of learning strategy for reading and writing as well as
the learners’ experience ratings (see section “Learning Strategy
of Pithy Formulas With Key-Images Supports Character Writing
and Positive Learning Experiences”). Next, we explored the
effects of material presentation and focused on its interaction
with learning strategy under the theoretical design principles of
strategies (see section “The Superiority of the Pithy Formulas
With the Key-Images Over the Key-Images and the Stroke
Sequence Depends on Material Presentation”). Finally, we
discussed research limitation and future directions (see section
“Research Limitations and Future Directions”) and then offered
an overall conclusion (see section “Conclusion”).

Learning Strategy of Pithy Formulas With
Key-Images Supports Character Writing
and Positive Learning Experiences
For reading, regardless of Chinese to English or English to
Chinese, all three strategies were effective for our participants.
They learned the associations between form and meaning, and
they were able to correctly distinguish one character from the
others. This finding is in line with prior research, showing that
adult non-beginning CFL learners quickly pick up the perceived
patterns of characters (Xu et al., 2013). In contrast, for writing,
it was a productive, more challenging task for the participants,
requiring them to access form-meaning links, retrieve accurate
orthographic features, and reproduce whole characters. Prior
research on character learning, regardless of being conducted
with L1 (e.g., Tan et al., 2005; Bi et al., 2009) or L2 (Chang et al.,
2014) learners of Chinese, usually considered writing accuracy as
an indicator of robust learning on orthographic representations.
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TABLE 3 | Descriptive statistics (M, standard deviation, and the adjusted M) of the two groups for all learning measures over time (N = 66).

Group learned with similar pairs (n = 33) Group learned with dissimilar pairs (n = 33)

Measure Strategy Pretest Immediate
posttest

Delayed
posttest

Adjusted
Mimmediate

Adjusted
Mpost

Pretest Immediate
posttest

Delayed
posttest

Adjusted
Mimmediate

Adjusted
Mpost

Co-variates in
the ANCOVA

Character writing
(stroke scoring)

P 0.07
(0.09)

0.54
(0.24)

0.33
(0.20)

0.55 0.34 0.10
(0.12)

0.57
(0.28)

0.47
(0.23)

0.56 0.46 0.087

K 0.08
(0.10)

0.43
(0.28)

0.32
(0.24)

0.45 0.33 0.09
(0.10)

0.56
(0.28)

0.40
(0.25)

0.55 0.40

S 0.09
(0.10)

0.41
(0.26)

0.27
(0.19)

0.43 0.28 0.09
(0.11)

0.48
(0.29)

0.40
(0.26)

0.47 0.39

Character writing
(character scoring)

P 0.04
(0.06)

0.34
(0.23)

0.17
(0.18)

0.35 0.18 0.05
(0.09)

0.39
(0.29)

0.26
(0.22)

0.38 0.25 0.041

K 0.03
(0.06)

0.26
(0.26)

0.13
(0.15)

0.27 0.14 0.03
(0.06)

0.33
(0.27)

0.25
(0.24)

0.32 0.25

S 0.05
(0.07)

0.24
(0.23)

0.15
(0.15)

0.25 0.16 0.05
(0.07)

0.29
(0.25)

0.23
(0.21)

0.28 0.22

Recognition
(Chinese-to-
English)

P 0.46
(0.18)

0.83
(0.16)

0.79
(0.19)

0.84 0.80 0.56
(0.22)

0.81
(0.15)

0.82
(0.16)

0.79 0.81 0.497

K 0.43
(0.19)

0.84
(0.16)

0.78
(0.17)

0.86 0.79 0.51
(0.19)

0.81
(0.15)

0.77
(0.16)

0.78 0.77

S 0.48
(0.19)

0.78
(0.17)

0.76
(0.18)

0.79 0.77 0.55
(0.25)

0.82
(0.16)

0.82
(0.17)

0.80 0.81

Recognition
(English-to-
Chinese)

P 0.49
(0.22)

0.77
(0.24)

0.70
(0.24)

0.80 0.73 0.53
(0.28)

0.75
(0.23)

0.71
(0.24)

0.71 0.68 0.494

K 0.42
(0.23)

0.73
(0.21)

0.67
(0.23)

0.75 0.70 0.50
(0.20)

0.79
(0.22)

0.71
(0.25)

0.76 0.68

S 0.45
(0.26)

0.76
(0.23)

0.70
(0.24)

0.78 0.72 0.59
(0.25)

0.78
(0.22)

0.79
(0.23)

0.75 0.78

P, Pithy Formulas with key-images; K, key-images; S, stroke sequence; the co-variates, using pretests for calculation, were reported in the SPSS software.

FIGURE 1 | An example of the observation and the study phases for learning character pair .

On this interpretation, the observation that our participants’
writing differed by learning strategy suggests that the character
writing task provides more information than the reading tasks to
investigate the intervention. Thus, we continued our discussion
based on the results found in character writing.

In discussing the main effect of learning strategy immediately
after learning, which shows that the Pithy Formulas with
Key-images lead to the highest accuracy rates in writing, we

revisited its design principles based on the Elaboration theory
(Reigeluth, 1999) and the Dual-coding theory (Paivio, 1986,
2006). Specifically, the Pithy Formulas with the Key-images had
the participants develop meaningful imagery-verbal elaboration
for linking together the meaning of a character and its constituent
components. This design largely instantiated the Elaboration
theory (Reigeluth and Stein, 1983; Reigeluth, 1999) by organizing
learning materials into meaning context. Moreover, the Pithy
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FIGURE 2 | Illustrations showing the three different strategies for learning character pair (in the similar group) .

Formulas with the Key-images afforded verbal code (i.e.,
explanation sentences) to provide the participants with context to
memorize the combination of components, and this functioned
together with the visual code (i.e., Key-images). Such effects are
in line with character learning research, applying the Dual-coding
theory (e.g., Kuo and Hooper, 2004). That is, the synergy of verbal
and visual codes in the Pithy Formulas with the Key-images
enhanced memory consolidation and further stabilized memory
traces in character learning. Thus, with meaning-prompted
cues, reproducing character forms from memory can be largely
supported with dual codes.

An alternative explanation for the strategy effect observed
in the immediate posttest is learners’ motivation. The learner
experience ratings (see section “Learner Experience Ratings”)
showed that the learners consistently expressed positive opinions
(i.e., enjoyment, usefulness, ease of use, and willingness to
use in the future) on the form + meaning strategies over the
form-emphasis strategy. Specifically, the Pithy Formulas with
the Key-images was rated higher than the Key-images, which,
in turn, was rated higher than the Stroke Sequence on the
scales of usefulness and ease of use. These positive opinions
on the Pithy Formulas with the Key-images possibly promoted
the learners’ motivation; therefore, using this strategy, they
exhibited higher writing accuracy in the immediate posttest.
This alternative explanation was in line with prior research (e.g.,
Tyng et al., 2017), suggesting that positive emotion facilitates
learning and memory processes. While the subjective difference
indicated in the experience ratings was larger than the accuracy
difference indicated in writing immediately after learning, this
view for interpreting the strategy effect echoed previous studies
(Chou, 2009a; Tsai et al., 2021), which proposed to integrate
both subjective (e.g., motivational and affective aspects) and
objective factors (e.g., strategy) in investigating the process of
character learning.

The Superiority of the Pithy Formulas
With the Key-Images Over the
Key-Images and the Stroke Sequence
Depends on Material Presentation
Next, we explored the effects of material presentation. In the
context of learning to read across writing systems, echoing
literature in learning distinctive features of English letters (e.g.,

Samuels, 1969; Williams and Ackerman, 1971), our findings on
learning Chinese characters may not be an ideal comparison
because the formations of graphs with visual features are highly
contrastive (Verhoeven and Perfetti, 2021). However, the theory
of perceptual learning (Gibson, 1969) has been applied across
orthographies (Gibson and Levin, 1975). This theory postulates
that learning is to extract meaningful information through
higher order relations among features of objects and events.
In our case of presenting objects (e.g., target characters), the
events (e.g., visually similar pairs vs. dissimilar pairs) possessed
different higher order relations, and the results showed that
the dissimilar group outperformed the similar group in writing
immediately after learning. Thus, we speculated that, in forming
the higher-order relations, the dissimilar pairs might provide
more distinct visual features than the similar pairs so that the
participants who learned with similar pairs recalled character
forms easier while writing. However, given that the advantage
of dissimilar pairs did not last long, this speculation merited
further investigation.

Within the Chinese writing system, prior research on learning
visually similar characters was relatively scarce. Also, these
studies revealed discrepancy between L1 school-aged learners
with different levels of achievement in Chinese (Lin, 1997,
1998). Investigating first graders’ character writing (n = 148),
Lin (1997) reported that learning visually similar characters
simultaneously led to worse writing than learning dissimilar
characters for high/mid-achievement learners and floor effects
for low-achievement learners. However, in the follow-up study
(Lin, 1998), the author reported that underachieving learners
(n = 17) benefited from presenting graphemically similar
characters in recognition. The author argued that the process
in learning visually similar characters may be mediated by
learners’ proficiency and further interacted with measurement
difficulty. The present study is the first attempt to investigate
how the method of material presentation may affect learning
visually similar characters for CSL learners. Although our
findings were similar to the previous results of high/mid-
range-achievement L1 learners (Lin, 1997), showing that the
group that learned with dissimilar pairs outperformed the
group that learned with similar pairs in character writing
immediately after learning, we interpreted these findings with
caution. Specifically, while having a similar pretest–posttest
design with previous studies (Lin, 1997, 1998), our participants
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FIGURE 3 | The participants’ mean ratings on enjoyment, usefulness, ease of use, and willingness to use for each learning strategy.

were adult second-language learners, having greater linguistic
and cognitive maturity, and the amount of target characters
used in our study was double compared to that of Lin (1997,
1998).

Furthermore, depending on the two methods of material
presentation, we discussed their interaction effects with three
learning strategies for learning visually similar characters under
the design principles of learning strategies. Theoretically, our
findings supported the Dual-coding theory (Paivio, 2006) and the
Elaboration theory (Reigeluth, 1999). Echoing the Dual-coding
theory, the advantage of the Pithy Formulas with the Key-images
(combining visual and verbal codes) over the Key-images (only
visual code) was specific to the visually similar group. Meanwhile,
in the similar group, the Key-images did not surpass the Stroke
Sequence. It was possible that, as targets in the similar pairs were
too similar to distinguish one from the other, observing sequences
of strokes might cause learners to confuse the construction of
form presentations. As for the dissimilar group, the findings
confirmed the effectiveness of learning strategies involving the
Key-images, which were in line with prior research reporting
that the Key-images outperformed the Stroke Sequence (Chang
et al., 2019; Lin et al., 2021). In accordance with the Elaboration
Theory (Reigeluth, 1999), moreover, these findings demonstrated
that learning with form+meaning strategies yielded better recall
than the form-emphasis strategy.

The superiority of the Pithy Formulas with the Key-images
echoed the third stage of the three-stage character-based
instructional framework (Chen et al., 2012) – the deliberately-
designed Key-images and pithy formulas are effective in
supporting learners to efficiently acquire visually similar
compounds. Compounds make up over 90% of commonly used
characters (Shen, 2005). As proficiency improves, learners of
Chinese encounter many compounds, which, in turn, gradually

increases their radical awareness (Shen and Ke, 2007). Previous
studies have shown that decomposing characters into chunks
(i.e., components) and memorizing the chunks together facilitate
character learning, retention, and even generalization (e.g.,
Lam, 2011; Chen et al., 2013). In this study, the Key-images
strategy had done so by co-occurring the Key-images that were
visually similar to constituent components of each character and
associable to their meanings. It could be possible that CSL/CFL
learners generalize their learning with the Key-images and the
Pithy Formulas to guess the meanings of novel characters, while
this plausibility would require further investigation. At least in
this present work, the Pithy Formulas with the Key-images has
gone one step further, as indicated by the highest writing accuracy
immediately after learning, to leverage the Key-images by adding
brief but meaningful sentences to elaborate the imagery-verbal
link and further strengthen memory.

Research Limitations and Future
Directions
Notwithstanding the effects of intervention in supporting
compound character learning, several limitations of the present
study must be acknowledged, and the following are our
suggestions for future research. First, we are mindful of the fact
that the maintenance of strategy effects did not last long. The
robustness of each strategy effect merits further investigation.
To deal with this issue, we suggest to vary testing times
(simultaneous vs. successive) and to provide multiple practice
or review opportunities to find an optimal schedule (Koedinger
et al., 2012). Second, to secure the internal validity of research,
we conducted this study in laboratories with rigorous control,
which reduced the external validity of research. To address this
trade-off in research design, our next step would be carrying
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out an in vivo study. To examine whether our findings can be
generalized to real-life settings, we envisioned that compounds
would be taught together with vocabulary, grammar, and lessons
that train listening, speaking, reading, and writing skills. This
procedure followed prior research, which tested the effect of
Key-images on logographic character learning in classrooms (Lin
et al., 2021; Tsai et al., 2021) after validating its effectiveness in
laboratories (Chang et al., 2019). Third, for material selection, we
limited target stimuli to compounds based on visual similarity
while excluding logographic characters. Our findings may not
be applicable to integral characters, which are also visually alike
(e.g., or ). Thus, examining the effects of learning
strategies on different types of characters is necessary. Lastly,
for non-beginning learners of Chinese, it was difficult to control
their proficiency. Although we adopted research design (i.e.,
randomly allocated participants to two groups) and statistical
control (i.e., ANCOVA), attempting to enhance internal validity
of the present work, the results may have been easier to interpret
if future research tests participants were from the same language
background, the same age groups, the same proficiency levels,
and even identical Chinese learning experiences (e.g., instructors
and Chinese language textbooks).

Conclusion
This study examined the synergetic effects of learning strategies
and methods of presenting materials on reading and writing
visually similar characters for non-beginning CSL learners. The
takeaway points are twofold. For the cognitive aspect, the
learning strategies emphasizing both the verbal and visual codes
(i.e., the Pithy Formulas with Key-images) outperformed the
visual imagery (i.e., the Key-images), which, in turn, surpassed
the Stroke Sequence in writing characters immediately after
learning. For the affective aspect, CSL learners’ experiences
consistently revealed that form + meaning strategies are more
enjoyable, useful, easy to use, and likely to be used in the future
than the form-emphasis Stroke Sequence. In sum, this study
demonstrates a positive effect of form + meaning mnemonics,
arising from the Dual-coding theory and the Elaboration theory,
on enhancing learning efficiency and affection for CSL learners.
Pedagogical implications of the findings on the broader topic of
learning Chinese as a second/foreign language include, but are
not limited to, strategy-based Chinese language education, the
compilation of textbooks and exam papers, and error detection
in CSL/CFL learners’ compositions.
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