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Improving Children’s Chinese Literacy Performance by Developing an Educational
Computer Game for Training Morphological Skills
Abstract

Morphological awareness is critical for learning Chinese, however, few studies focused on
developing the training regarding morphological awareness. Consider the prevalence of using
digital tools in children, the current project developed a computer game for training
morphological awareness, i.e., MorphorGame. An intervention study, including pre-test,
training, and post-test, was conducted for the effectiveness of the game. In total, 163 children
in Grades 1 and 2 participated, and 77 of them completed the intervention study. In the pre-
test and post-test, tasks were administrated for the participants’ morphological awareness,
literacy abilities, cognitive skills. Between the pre-test and post-test, the participants were
assigned to one of four training conditions: (a) computer game training, (b) dialogic reading
with morphological training, (c) dialogic reading, and (d) control group for a three-month
training. The participants in condition (a) were asked to play the MorphorGame during the
training. In conditions (b) and (c), the participants were asked to read selected storybooks; the
participants in the training (b) were asked to read with the morphological training handbooks,
whereas in the training (c) a parent-child dialogue was conducted during reading. The results
showed that compared to the control group, the three trainings led to extra improvements of
the children’s morphological awareness, and the game training had the largest improvement.
Moreover, the training, especially these relating to morphological awareness, improved
children’s reading abilities, e.g., Chinese character reading, reading comprehension,
dictation, and vocabulary. The current findings suggest that with high-quality content, using
digital tools can facilitate children’s reading development.
Keywords: morphological training, educational game, reading intervention, metalinguistic

skills, Chinese word reading



Introduction

Literacy abilities are crucial for information acquisition and effective communication;
thus, early education mainly focuses on teaching children how to read and write. Given the
particular importance of morphological awareness in learning the Chinese language (Liu &
McBride-Chang, 2010; McBride-Chang et al., 2003), the present project aims to develop a
computer-assisted intervention method for training morphological awareness and evaluate its

effectiveness in early-grade primary school children in Hong Kong.
Review of Literature of the Project

Reading and writing involve complex processes as they require not only connecting
spoken sound units with written forms but also associating the oral and written language to
semantic meanings. Therefore, knowledge of the morphology of a language is crucial for
literacy development (Ku & Anderson, 2003; Liu & McBride-Chang, 2010). Morphological
awareness is the awareness of and ability to manipulate the meaning structure of a language
(Carlisle, 2000). This ability includes the understanding of basic meaning units (i.e.,
morphemes) and the rules of structuring multiple morphemes to form complex words. The
unique importance of morphological awareness for reading and writing success has been
supported by a large number of studies on various orthographies, in concurrent and

longitudinal research (e.g., Deacon & Kirby, 2004; Mahony et al., 2000; Nagy et al., 2006).

In the Chinese language, in which the phoneme-to-grapheme mapping rule is rarely
applied (Kuo & Anderson, 2006), the role of morphological awareness in literacy
development has been reported in a body of studies (e.g., McBride-Chang et al., 2003; Li,
Anderson, Nagy, & Zhang, 2002). For example, McBride-Chang and colleagues (2003)
found that morphological awareness predicts Chinese character reading ability in

kindergarten and second grade students. Similarly, Li et al., (2002) showed that phonological



awareness is important for Chinese reading in first and fourth grade students, but
morphological awareness is more important at both grade levels. Morphological awareness is
a marker for identifying children with reading difficulties (Shu et al., 2006). The research of
the Pl and collaborators (e.g., Hao et al., 2013; Li et al., 2016; Liu et al., 2017; Liu &
McBride-Chang, 2010) also suggested that specific aspects of morphological awareness are

unique predictors of Chinese children’s reading acquisition.

Morphological awareness in Chinese is generally understood at two levels: morpheme
and morphological structure (Liu & McBride-Chang, 2010). At the morpheme level, children
need to link morphemes to corresponding syllables in oral language and characters in print
and be aware that a particular syllable or Chinese character can represent multiple

morphemes. For example, the character P (/soengl/) means “business” in the word )5
(/soengl dim3/; shop) but means “negotiate” in the word p5& (/soengl tou2/; discuss). At

the morphological structure level, children must understand how morphemes are structured to
form the compound words as most Chinese words comprise two or more morphemes. For

example, the word F2%1 (/jan6 zil/, cognition) can mean “know and understand” if the word

follows a coordinative structure, or “know the knowledge” if the first morpheme is a verb and

the second a noun, following a verb + object structure (Liu & McBride-Chang, 2010).

Compared with alphabetic orthographies, morphological awareness is more crucial
for reading and writing in Chinese, because of the features of Chinese orthography (Shu &
Anderson, 1999). Specifically, a Chinese character can represent different meanings within
different contexts (words). Morphological awareness at the morpheme level is expected to
facilitate the acquisition of new words through the component character that children already
know (Nagy & Anderson, 1984). For example, a character appears in different complex

words with related meanings. The morpheme >k (/fo2/; fire) appears in the word >X#H



(/fo2 baa2/; torch) and the word >kZ& (/fo2 caai4/; match). Children’s knowledge of the

morpheme “fire” serves as a cue to understand and memorize these semantically related
words, thereby facilitating vocabulary growth and character reading. Thus, children need to

be sensitive to the different morphemes associated with a character.

Another feature of the Chinese orthography is a large number of homophones.
Approximately 4,500 characters (morphemes) are regularly used, but they map onto only
1,700 syllables in the Cantonese dialect (Qian et al., 2004). Therefore, three distinct
morphemes share one syllable on average. Chinese children who are morphologically aware
understand that different morphemes can share an identical pronunciation and habitually
search for information to distinguish these morphemes (Anderson & Li, 2005).
Morphological awareness is thus especially important for avoiding misunderstandings of
ambiguous meanings expressed in spoken Chinese. At the word level, lexical compounding is
the primary method to form Chinese words. Over 75% of the words in modern Chinese are
compound words including two or more constituent morphemes, and Chinese words are

semantically transparent. In the case of % (/din6 si6/; television), the morphemes &
(/din6/; electric) and 7 (/si6/; vision) contribute to the word meaning straightforwardly.

Thus, morphological structure awareness is helpful for learning Chinese words. Several
different compounding structures exist in Chinese, including coordinative, subordinate, verb—
object, subject—predicate, and verb—adjective complement (e.g., Yuan & Huang, 1998). No
explicit cues are available for judging these structures, thereby emphasizing the importance

of morphological awareness at the structure level for learning Chinese compounds.

Given the crucial role of morphological awareness in literacy development,
intervention studies have been conducted to examine the causal impact of this ability on

children’s reading and writing acquisition. Morphological awareness-based intervention is an



effective approach to literacy education in alphabetic orthographies (Lyster, 2002; Nunes et
al., 2003). Although only a few studies have examined morphological interventions in
Chinese children, the findings similarly support the effectiveness of such interventions (e.g.,
Packard et al., 2006; Chow et al., 2008). In a study of Chinese first graders, those who
received a one-year instruction on morphemic and orthographic structure of Chinese words
show an increase in ability to write characters in comparison with those in the control group
(Packard et al., 2006). The part of the instruction on morphological awareness focused on
analyzing how a particular morpheme contributed to the meaning of a compound word
comprising it, instead of requiring children to simply memorize the word as a whole. In a
similar study, Wu and colleagues (2009) examined the effect of a two-year morphological
instruction on first graders. The data collected in beginning of the second and third grade
revealed benefits in development of various reading and writing skills, as well as

morphological awareness itself, in comparison with the control group.

Most existing intervention studies were conducted at school where teachers were
trained by the research teams to deliver the intervention. In the aforementioned studies, the
interventions were comprehensive as they incorporate orthographic and morphological
training, and were integrated into regular classroom instruction. The teachers attended
training before the intervention and weekly seminars throughout the study. They also
received reference materials and guidance based on observations of their lessons. The school-
based intervention approach presents beneficial results but requires close cooperation among
the school, teachers, and researchers, and investment of considerable amount of resource.
This need imposes difficulties in expanding and sustaining such interventions. Therefore, the

present project will focus on parental instruction at home.

Home literacy experiences play a unique role in children’s early literacy development.

Young children whose parents are engaged in reading and writing with them have advantages



in learning oral and written languages (Payne et al., 1994; Sénéchal & LeFevre, 2002; for
reviews see Bus et al., 1995; Reese et al., 2010). Moreover, home-based interventions may
enhance parents’ self-efficacy through helping children in learning, and then boost children’s
self-efficacy and reading achievement (Lam et al., 2013; Lynch, 2002). In Hong Kong,
parents tend to have positive attitudes toward home literacy activities. According to Li and
Rao (2000), over 80% of Hong Kong parents believe that parent-child reading is helpful for
developing children’s literacy skills, and 73% of them teach their children to read characters
at home. As parents are willing to invest in home literacy activities and parental instruction
exerts a positive impact on early literacy acquisition, evidence-based educational tools should

be developed to effectively assist parents in teaching Chinese literacy.

To the best of our knowledge, only one study has developed a morphological-based
intervention for Hong Kong families. Chow and colleagues (2008) created an intervention
that integrates morphological instruction with parent—child shared book reading, and they
discovered that kindergartners who received the 12—-week intervention show improved
character reading, morphological awareness, and reading interest. Specifically, the parents in
the experimental group were trained to read one book a week with their child. They first read
the book using dialectic reading techniques and then taught morphological awareness on the
basis of the content of the books. The intervention focused on lexical compounding and
homophone identification. For example, after reading a story of a farmer pulling a “carrot
king” (275 T /lo4 baak6 wong4/) from the ground in the lexical compounding training, the
parent explained to the child that a “carrot king” meant a large carrot. With the aid of the
pictures of a large watermelon and a large ice cream, the parent then explained that a

“watermelon king” (P§)[\ T /sail gwaal wong4/) represented a large watermelon. The

child’s task was to construct a word or phrase meaning a large ice cream (i.e., “ice cream

king” ZFET /syut3 goul wong4/). Therefore, children were explicitly taught the different



morphemic structures of Chinese words, and practiced to generate new words following those

structures.

Another aspect of the morphological intervention was homophone training, which
raised the children’s awareness that the same syllable may represent different morphemes.
After reading a story of a little sheep looking for its mother, the parent labelled in the

storybook and the training book the pictures of the little sheep (//N\/siu2 joeng4/), the sun
(KF% [taai3 joeng4/), and the sea (&% /hoi2 joeng4/), which share the syllable joeng4. The
child was then required to identify the pictures corresponding to the meanings of the wool (=
F /joeng4 moud/) and the sunlight (f5->% /joeng4 gwongl/). The said storybook reading

intervention and our game intervention are based on morphological training and are
implemented at home; thus, we will use the above-mentioned method in one of our
comparison groups to examine whether computer game has advantages as a home literacy

education tool.

Parent—child shared book reading is a conventional home literacy instruction method
and presents a few limitations. The selection of appropriate books and parents’ skills to
interact with children during shared book reading are keys to maximize the benefit of this
method. Moreover, children should have at least some interest in reading for them to sit down
and read books with their parents; however, some children, especially those who are poor
readers, may not be willing to read books in the first place. The present project aims to
develop and evaluate an educational computer game, which serves as a home-based literacy
instruction tool. The computer game will provide learning materials and tasks for parents and

thus attract children’s interest.

Theoretical and/or Conceptual Framework of the Project



Playing computer games is popular among children and teenagers, and the video
game industry is one of the largest creative industries in Hong Kong (Hong Kong Monthly
Digest of Statistics, March 2014). Around 50% of Hong Kong children play video games
daily, and one-third of children spend up to three hours per day playing games on weekdays.
In addition, the number of young game players is growing, with approximately 19% of
preschool students playing games for 27 min on average daily (Wang et al., 2014).
Computer-assisted interventions are considered an individualized and viable method for
training literacy skills given children’s interest in computer games. Computer-assisted
reading interventions are generally effective in training children with difficulties in learning
alphabetical orthographies (Saine et al., 2011; Torgesen et al., 2010; for reviews see Blok et
al., 2002; Cheung & Slavin, 2013), and Chinese-speaking children (for a review see Liao,

2007).

Although reading intervention studies adopting digital games are still sparse, the
value of games as an instructional tool is supported by the findings that digital games are
more effective in terms of learning and retention than conventional instructions (Wouters et
al., 2013). This result may be partly due to the fact that children enjoy computer-based
learning tasks more than conventional learning tasks (Rosas et al., 2003), and are
concentrated in computer-based tasks (Clarfield & Stoner, 2005). Digital games have
potential in beginning and remedial reading instruction. Thus, we aim to develop an
educational game for helping Hong Kong Chinese children improve their morphological

awareness and literacy performance.

A successful precedent of educational game for learning to read is GraphoGame,
which was originally developed by a Finnish research team (Richardson & Lyytinen, 2014).
GraphoGame was initially developed to provide training for Finnish-speaking children who

show early signs of reading difficulty before entering the first grade. The game was built on



the basis of the research findings that the key to learning to read an alphabetic orthography is
to learn how letters and speech sounds correspond to each other, and reading difficulties lie in
problems in differentiating and manipulating speech sounds and thus in connecting sound
units to their matching letters. Accordingly, the tasks in the game were designed to train
children’s ability to connect written language units (e.g., a grapheme or long text segment)
with the corresponding speech sound units (e.g., phoneme, syllable, and word). Specifically,
some multiple-choice tasks required the player to match a speech segment presented via
headphones to its written representation, and other tasks were to construct written words from
small components to match the spoken words the player heard. The essence of the game is
training the mappings of a specific orthography to its spoken language form by focusing on
most frequently used connections between the smallest distinguishable units of the written

and spoken language.

Over the years, controlled experimental intervention studies on different versions of
GraphoGame suggested that playing the game improves performance in reading various
alphabetic languages, including Finnish (e.g., Heikkila et al., 2013), English (Kyle et al.,
2013), and German (Brem et al., 2010), as well as the alphabetic languages used in Zambia
and other African countries. Long-term effects of the game training have been documented
by Saine et al.’s study (2010), which indicated that poor readers who played GraphoGame in
the first grade improve their reading skills to the level of typically developing peers and
outperform the children who received traditional remedial intervention in the beginning of

third grade.

The present project aims to develop an educational game called MorphorGame, which
is based on the extensive research on morphological awareness in Chinese language and its
role in literacy development in Chinese-speaking children. To further explore whether the

MorphorGame can benefit children’s literacy abilities, in particular morphological awareness,



the present study conducted a controlled intervention study. Children in Grades 1 and 2, who
are at the beginning stage of literacy acquisition, were recruited. The children were assigned
into one of four conditions: (a) computer game training, (b) dialogic reading with
morphological training, (c) dialogic reading, and (d) no-treatment condition. The major
features and contents of the game were designed based on existing research, especially the
GraphoGame method. The dialogic reading with and without morphological training were

referred to these in Chow et al. (2008).

The first objective was to investigate the impact of the game training by comparing
the changes in morphological awareness and literacy achievement of the four participant
groups. We anticipated that the children who receive the morphological game training and
who receive the storybook reading with morphological training would outperform the two
comparison groups in morphological awareness and literacy tasks after the intervention and
in the follow-up testing. Given that educational games stimulate children’s interest in
learning, the computer game group was expected to show higher levels of interest and

motivation in reading than the other groups and outperform the dialogic reading group.

Methodology

The project consisted of two major phases. One focused on game development, and
the other comprised an intervention study to evaluate the effectiveness of the game on

children’s literacy skills.

Participants

In total, 163 children from a primary school in Hong Kong were recruited for the
intervention study. All the participants were native speakers of Cantonese and written
informed parental consent was obtained for them. However, due to several reasons, in

particular, the outbreak of COVID-19 led to dramatic changes regarding children’s daily
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routines. Finally, only 77 of the participants completed the intervention. Their mean age was

7.18 (SD =.74) at the pre-test and 8.71 (SD = .52) at the post-test.

Procedure

The present study had two components: game development and an intervention study.
The game development was completed before the intervention study. A professional
company was hired for developing the game according to the requirements of the project
team. Then, the game was utilized in the intervention study, as the training method of the
computer game training condition. The intervention study had three stages: pre-test, training,
and post-test. In the pre-test and post-test, the participants were asked to complete a series of
tasks for morphological awareness, literacy abilities, and cognitive skills. Between the pre-
test and post-test, the participants were assigned to one of four training conditions for a three-
month training. The four conditions were (a) computer game training (N = 22), (b) dialogic
reading with morphological training (N = 19), (c) dialogic reading (N = 17), and (d) no-

treatment condition (N = 19).

Measures
The measures that were involved in the pre-test and post-test were described below.

Core Measures

1. Morphological Awareness. The homophone identification task (McBride-Chang et al.,
2013) and morphological production task (Liu & McBride-Chang, 2010) were
administered with reading materials different from those used in the training by the
online game.

2. Chinese Character Reading. This task required children to read aloud 100 Chinese
characters at an increasing level of difficulty (Ho et al., 2000).

3. Reading Fluency. The children were asked to read 104 Chinese words within 45 s in this

task (Pasquarella et al., 2015).
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4.

5.

Reading Comprehension. A task (Leong et al., 2007) includes three short passages with
no more than 15 sentences each was adopted. The children were asked to read the
passages and answer 10 multiple-choice questions to 13 multiple-choice questions and
three short-answer questions about each passage.

Word Dictation. This task (Lam & McBride-Chang, 2013) required children to write 20
two-character Chinese words read by the tester or by the audio presenting by the testing
application.

Motivation for Reading. Children completed the motivation for the reading questionnaire
(Lin etal., 2012), which taps on eight possible motivations for reading, including self-
efficacy belief, curiosity, enjoyment, and social purposes. Meanwhile, parents respond to
a three-item scale on child motivation and another three-item scale on child competence

(Lam et al., 2013).

Control measures

7.

10.

11.

Phonological Awareness. Children completed 29 syllable and 22 onset deletion items in
this test (McBride-Chang et al., 2008).

Vocabulary Knowledge. The vocabulary definition task (McBride-Chang et al., 2008)
required children to explain the 30 words presented to them orally.

Rapid Automatized Naming. This task (McBride-Chang et al., 2008) presented a 5x5
array of single-digit numbers and asked the children to read aloud the numbers as rapidly
as possible.

Working Memory. The backward digit recall test was adopted to test children’s working
memory. The children were asked to recall a sequence of spoken digits in the reverse
order. The number of digits in each list increases across trials.

Nonverbal 1Q test. The Sets A and B of Raven’s Standard Progressive Matrices (Raven,

2003) will be administered.
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12. Demographic Questionnaire. A demographic questionnaire was completed by the parents
before the intervention study. The questionnaire included questions about the date of
birth, gender, school, and a class of children, the educational levels and occupations of
the mother and father, family income, and reading resources and activities at home.

Training Groups

There were three training groups, i.e., (@) computer game training, (b) dialogic
reading with morphological training, and (c) dialogic reading. The children in these three
groups were asked to do the assigned training at least three times per week, and 20 minutes

per time. A control group was adopted to investigating the training effects.

(a) Computer game training. An application, i.e., MorphorGame, which was developed

by the current project team, was utilized in this training.

(b) Dialogic reading with morphological training. The children in this group were asked
to read one storybook per week, in total, 12 storybooks. Meanwhile, their parents
were asked to use the morphological training handbooks, which were developed by

the current project team, to help the children to learn morpheme-related knowledge.

(c) Dialogic reading. The children in this group were asked to read one storybook per
week, in total, 12 storybooks. The 12 storybooks were the same as those used in the
dialogic reading with morphological training. At the same time, the parents of the
children in this group were asked to according to the corresponding handbook,

conducting a parent-child dialogue according to the storybook during the training.
Data Collection and Analysis

For the game development, to improve the quality of the game, the project team
consulted frontline teachers, educational psychologists, experts in primary education, and

parents before developing the game. The project team hired a professional company to
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develop the game with the suggestions from them. More features of the game will be
introduced in the results and discussion section. Then, the intervention was conducted to

examine the effectiveness of the game.

The intervention study, as mentioned before, consisted of three stages: pre-test,
training, and post-test. In total, 85 students completed the pre-test during two 1-h sessions at
the primary school. However, due to the outbreak of the pandemic and school closure, we
had to pause the pre-test and adjust the procedure. Consider that the face-to-face testing
approach was not appropriate in the pandemic period, the project team developed a testing
application including the measures for the pre-test after working for months. By doing so, in
total, 163 students completed the pre-test. Then, the participants were assigned into one of
four training conditions: (a) computer game training, (b) dialogic reading with morphological
training, (c) dialogic reading, and (d) no-treatment condition. The participants started a three-
month training from October 2020 successively. At last, 77 participants completed the core
measures through the testing application. Only 65 of these 77 participants received book
coupons as compensation as the others did not complete the measures or we lost contact with
them. At the same time, because of using the testing application for the data collection, less
manpower (e.g., student helpers) than proposed was required. Therefore, about 30% of the
fund were not used. Nevertheless, the major objectives of the project have been fulfilled well,
including the development of the game package and the evaluation of it using the
intervention study. Below please find the relevant details.

Results and Discussion

There were four training conditions in the intervention study, i.e., (a) computer game
training, (b) dialogic reading with morphological training, (c) dialogic reading, and (d) no-
treatment condition. For the (a) computer game training condition, the project developed a

computer game, i.e., MorphorGame. For the (b) dialogic reading with morphological training

14



and (c) dialogic reading, the project selected 12 storybooks that are good for improving
children’s reading. In addition, two morphological training handbooks were developed by the
project team for dialogic reading with morphological training. Although the game and
morphological training handbooks were only provided to the participants in conditions (a)
and (b), respectively, these materials were open to all participants for 6 months after they
completed the intervention study.
MorphorGame

A main result of the current project is the computer game, i.e., MorphorGame, which
has been released on Google Play
(https://play.google.com/store/apps/details?id=com.eduhk.MorphoGameFull) and Apple
Store (https://apps.apple.com/hk/app/morphorgame/id1533275754). The game presents
morphological training for 16 weeks, relating to homophones, homographs, and
morphological structures. The training content was developed by the project team, referring
to Chinese textbooks for primary students in Grades 1 to 3. Through interesting games,
children can acquire knowledge regarding morphemes and morphological structures of most
frequency Chinese words.

To improve children’s interests, the full version of the game has a storyline regarding

the advantage of the main character, i.e., Morphor (-E#&). The project team created stories

with regard to the history and culture of 17 countries, e.g., China, America, France, and
Canada. The story of each country would last for seven days. Accordingly, more than one
thousand pictures and audio of the stories were completed. Thus, in addition to the
morphological training, children also can gain knowledge about these countries during
gaming. Meanwhile, considering the comments from the parents of the participants, we made
a time limit of the game to prevent addiction. That is, the game would be locked when a daily

game time reaches 20 minutes.
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There are three main game scenes, i.e., look for the same, look for the difference, and
judge. In the scene of look for the same, a target word will be presented, and the player will
be asked to find the item that includes the same morpheme or structure as the target, from
three to five options. In the scene of look for the difference, the player will be asked to find
the item that has a different morpheme or structure from others. In the scene of the judge, the
player will be asked to judge if the masked items or structure of the items are the same or not.
Moreover, the game involves more features to improve children’s interests in learning.
Specifically, the games are integrated into the storyline. The players need to play more games
if they want to know more about the story. The difficulty level of the games will be adjusted
according to the performance of each player. The game has two reward systems, including a
reward mechanism for finishing the assigned games and a reward mechanism for having a
good performance.

Dialogic Reading with Morphological Training Handbooks

As mentioned before, the current project selected 12 storybooks for the participants in
the two dialogic reading conditions. The project introduced how to use effective dialogues
during reading to improve children’s literacy abilities to the parents and children in the
corresponding group. In addition, two handbooks of morphological training were developed.
To develop the handbooks, all words of the 12 storybooks were selected and sorted by the per
book. Then, according to the morphemes and morphological structures of the words that were
selected from the storybooks, two more examples of each word were given. Moreover, after
the daily training, the children would answer related questions to enforce the words that they
learned through the training. These handbooks also contain most words for primary schools
students in Grades 1-3, in addition, these words were systematically presented according to
their morphemes and morphological structures.

Results of the Intervention Study

16



Preliminary Analyses

The descriptive statistics of homophone awareness, morphological awareness,
Chinese character reading, reading fluency, reading comprehension, dictation, motivation of
reading, phonological awareness, vocabulary, rapid automatized naming, working memory,

and non-verbal 1Q of the pre-test and post-test are summarized in Table 1.
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Table 1

Means and SDs of All Measures of the Pre-test and Post-test

Pre-test Post-test
M (SD) M (SD)
Game MA Dialogic  Control Game MA Dialogic  Control

(N=22) (N=19) (N=17) (N=19)

(N=22) (N=19) (N=17) (N=19)

“Results

20.47
HA
(3.47)
60.24
MP
(24.55)
34.65
CCR
(23.23)
31.92
RF
(9.16)
5.90
RC
(2.67)

19.80
(3.27)
59.25
(17.50)
30.46
(11.55)
35.77
(14.35)
6.69

(2.84)

20.21
(3.63)
62.38
(15.99)
31.73
(19.02)
36.33
(15.42)
7.82

(2.12)

20.75
(6.23)
60.33
(24.26)
36.53
(20.68)
38.94
(13.06)
7.231

(3.43)

24.56
(4.71)
99.11

(6.71)

74.84

(18.50)

40.65

(11.33)

11.50

(3.95)

18

23.47
(5.07)
88.44

(7.99)

56.88

(21.23)

38.07

(11.92)

10.56

(4.78)

25.40
(3.36)
81.44
(6.30)
67.60
(12.96)
49.89
(11.68)
11.09

(3.44)

23.46
(3.17)
76.60
(9.88)
57.64

(15.53)
46.58
(8.00)
11.00

(3.51)

Game ~ MA = Dialogic = Control

Game > MA > Dialogic > Control

Game > MA = Dialogic =~ Control

& Game = Dialogic ~ Control

Game ~ MA > Dialogic = Control

Game ~ MA = Dialogic = Control



Pre-test Post-test
M (SD) M (SD)
Game MA Dialogic  Control Game MA Dialogic  Control

(N=22) (N=19) (N=17) (N=19)

(N=22) (N=19) (N=17) (N=19)

“Results

Dictation

MR

PA

Vocabulary

RAN

WM

13.72
(6.01)
38.52

(14.20)
19.56
(7.56)
16.43
(8.50)
28.48
(9.45)

4.41

(3.94)

10.21
(6.20)
40.27

(10.01)
18.07
(6.79)
17.36
(6.86)
28.22
(8.70)

3.68

(4.24)

11.33
(5.86)
35.18

(12.19)
15.83
(6.05)
18.12
(2.26)
24.09
(8.63)

4.24

(3.07)

12.06
(8.68)
39.17

(14.28)
17.07
(8.02)
18.54
4.71)
26.92
(4.95)

3.26

(2.83)

23.81
(11.27)
37.78
(14.50)
27.11
(4.32)
26.90
(8.27)
28.66
(10.00)
10.45

(3.48)

19

2458
(9.43)
40.44

(10.80)
26.81
(4.09)
25.69
(8.09)
29.22
(8.29)

9.06

(3.54)

21.36
(7.03)
41.64
(9.32)
26.56
(3.69)
31.13
(7.95)
32.08

(12.39)

8.78

(2.37)

16.78
(9.89)
33.40
(8.65)
25.08
(4.47)
23.00
(5.73)
28.00
(4.75)
8.33

(3.04)

Game ~ MA = Dialogic = Control

Game ~ MA = Dialogic = Control

Game ~ MA = Dialogic = Control

Dialogic > Control ~ Game ~ MA



Pre-test Post-test

M (SD) M (SD)
“Results

Game MA Dialogic  Control Game MA Dialogic  Control

(N=22) (N=19) (N=17) (N=19) (N=22) (N=19) (N=17) (N=19)

17.00 15.72 15.94 14.56 20.85 20.11 21.00 21.13

Nonverbal 1Q
(4.46) (3.80) (5.01) (4.86) (3.54) (2.64) (2.65) (1.85)

Note. Game = computer game training; MA = dialogic reading with morphological training; Dialogic = dialogic reading; Control = no-treatment
condition. HA = homophone awareness; MP = morphological production; CCR = Chinese character reading; RF = reading fluency; RC =
reading comprehension; MR = motivation for reading; PA = phonological awareness; RAN = rapid automatized naming; WM = Working

memory.

“ Results are the analyses of the post-test, with control of age and nonverbal 1Q. The score of each task of the four groups was similar in the pre-

test.
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To have an overview of the training effects of each group, we compared the
participants’ performance in all measures between the pre-test and post-test. The results
showed that for (a) the game group (N =22), 77.3 %, 100%, 100%, 77.3%, 90.9%, 86.4%,
54.5%, 72.7%, and 90.9% of the participants improved their performances in homophone
awareness, morphological awareness, Chinese character reading, reading fluency, reading
comprehension, dictation, motivation of reading, phonological awareness, and vocabulary,
respectively. For (b) the morphological training group (N = 19), 78.9%, 94.7%, 89.5%,
57.9%, 78.9%, 94.7%, 57.9%, 89.5%, and 84.2% of the participants improved their
performances in homophone awareness, morphological awareness, Chinese character
reading, reading fluency, reading comprehension, dictation, motivation of reading,
phonological awareness, and vocabulary, respectively. For (c) the dialogic reading group (N
=17), 88.2%, 88.2%, 88.2%, 82.4%, 76.5%, 88.2%, 76.5%, 94.1%, and 100% of the
participants improved their performances in homophone awareness, morphological
awareness, Chinese character reading, reading fluency, reading comprehension, dictation,
motivation of reading, phonological awareness, and vocabulary, respectively. For the control
group, 73.7%, 68.4%, 78.9%, 68.4%, 63.2%, 42.1%, 89.5%, and 78.9% of the participants
improved their performances in homophone awareness, morphological awareness, Chinese
character reading, reading fluency, reading comprehension, dictation, motivation of reading,
phonological awareness, and vocabulary, respectively.

To examine whether there was a group difference in the numbers of participants that
improved performance in the post-test, further analyses was conducted. The results of the
Jonckheere-Terpstra test showed that the group difference was (marginally) significant in
morphological production (p = .002), Chinese character reading (p = .03), reading
comprehension (p = .08), and dictation (p = .06). Further comparison between groups showed

that the game group had marginally significant differences in reading comprehension with the
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morphological training group (p = .08) and dictation with the dialogic reading group (p
=.06). The game group and the control groups had significant differences in morphological
production (p =.01) and Chinese character reading (p = .03). The morphological training
group and the dialogic reading group had a significant difference in Chinese character
reading (p = .04). Also, the morphological training group and the control group had
significant differences in morphological production (p = .04) and dictation (p = .02). In
addition, the dialogic reading group and the control group differ in the motivation of reading
(p=.04).

Analyses of Measures

To further examine whether there were differences among these four groups, 2 (Test:
Pre-test/Post-test) x 4 (Group: Game/MA training/Dialogic reading/Control) ANCOVAs,
with control of age and non-verbal 1Q (that was measured in the pre-test), were conducted for
analyzing homophone awareness, morphological awareness, Chinese character reading,
reading fluency, reading comprehension, dictation, motivation of reading, phonological
awareness, vocabulary. The results are summarized in Table 2.

The results showed that for the homophone awareness (see Figure 1), the main effect
of the Test was significant. The participants had higher scores on the homophone awareness
in the post-test than in the pre-test (mean difference = 3.91). The main effect of Group and
the interaction effect between Test and Group were not significant. For the morphological
production task (see Figure 1), the main effects of Test and Group were (marginally)
significant. All the participants had better performance in the post-test than in the pre-test
(mean difference = 25.81). Overall, the participants in the game condition had better
performance than the control group (mean difference = 8.79). The interaction effect of Test
and Group was significant. Simple main effects showed that in the post-test, the participants

in these four groups had similar performance. However, in the post-test, the participants in

22



the game group had higher scores on the morphological production task than those in the
morphological training (mean difference = 10.36, p < .001), in the dialogic (mean difference
=17.32, p <.001), and control (mean difference = 22.61, p <.001) groups. Also, the children
in the morphological training group had (marginally) significant higher scores than those in
the dialogic reading group (mean difference = 6.96, p =.05) and in the control (mean
difference = 12.26, p <.001) group. However, the children in the dialogic reading group had
similar performance with those in the control (mean difference = 5.30, p =.27) group. On the
other hand, the difference between the pre-test and post-test was significant in all the four
groups.

For Chinese character reading (see Figure 2), the main effects of Group and Test, and
the interaction effect of them were not significant. The main effect of the Test was
significant. The participants had higher scores on the homophone awareness in the post-test
than in the pre-test (mean difference = 30.90). The main effect of the Group was not
significant. Overall, the participants in the four groups had similar performances in the
Chinese character reading task. However, the interaction effect between Test and Group was
significant. Simple main effects showed that in the post-test, the participants in these four
groups had similar performance. In the post-test, the participants in the game group had
higher scores than those in the morphological training (mean difference = 16.30, p = .01).
However, the participants in the game group had similar scores to those in the dialogic
reading (mean difference = 6.00, p = .84) and control (mean difference = 12.81, p = .11)
groups.

For the reading fluency, reading comprehension, and motivation for reading, the main
effects of Test and Group, and the interaction effect between them were not significant (see
Figure 2). For the dictation task, the main effect of the Test was significant, the scores in the

post-test were higher than in the pre-test (mean difference = 9.79). The main effect of the
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Group was not significant. Overall, the participants in the four groups had similar
performances. The interaction between Test and Group was significant. Simple main effects
showed that the group difference was not significant neither in the pre-test nor in the post-
test. However, the difference between the pre-test and post-test was significant in the game
(mean difference = 10.61, p < .001), morphological training (mean difference = 14.68, p
<.001), and dialogic reading (mean difference = 10.55, p < .001) groups, but not in the
control group (mean difference = 3.33, p =.20).

For the phonological awareness task (see Figure 3), the main effect of the Test was
significant; the participants had higher scores on the task in the post-test than in the pre-test
(mean difference = 8.76). However, the main effect of Group and the interaction effect of
Test and Group were not significant. For the vocabulary task (see Figure 3), the main effects
of Test and Group were not significant. Overall, the participants had similar performance in
the task on the two testing points. The participants in the four groups had similar performance
in general. However, the interaction between Test and Group was significant. Simple main
effects showed that the participants in these four groups did not have significant differences
in the pre-test. In the post-test, the participants in the control group had lower scores than
those in the dialogic reading group (mean difference = -7.66, p = .03) but had similar scores
to the participants in the game (mean difference = - 3.48, p = .66) and morphological training

(mean difference = - 2.28, p = .94) groups.
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Table 2

Results of ANCOVAs for Homophone Awareness, Morphological Production, Chinese Character Reading, Reading Fluency, Reading

Comprehension, Dictation, Motivation of Reading, Phonological Awareness, Vocabulary

2

Frest p n Ferop P n F(Testx Group) p n
Homophone awareness 5.03 .03 .07 40 76 .02 99 40 .04
Morphological production 9.37 .003 12 2.39 .08 .09 5.88 .001 .20
Chinese character reading 4.03 .05 .05 1.55 21 .06 4.30 .01 15
Reading fluency 1.76 19 .02 1.76 19 .02 2.19 10 .09
Reading comprehension 0.73 40 .01 .87 46 .04 .89 45 .04
Dictation 7.58 .01 10 .88 45 .04 3.34 .02 A2
Motivation for reading 0.76 .39 .01 .36 78 .02 2.15 10 .08
Phonological awareness 28.60 <.001 .29 71 55 .03 1.83 15 .07
Vocabulary 0.02 .89 .001 1.64 19 .07 2.42 .07 .09
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Figure 1

Scores on Homophone Awareness and Morphological Production Tasks of the Pre-test and Post-test

Game Parent Control Game Parent Control

120

100

80

6

=

4

=

2

[=]

=

Homophone awareness Morphological production

m Pre-test mPost-test

26



Figure 2

Scores on Chinese Character Reading, Reading Fluency, Reading Comprehension, Dictation, and Motivation for Reading of the Pre-test and

Post-test
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Figure 3

Scores on Phonological Awareness and Vocabulary of the Pre-test and Post-test
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Analyses of the Game Group

To further study the relationship between the game training and the improvements of
literacy skills, the results of the game group were further analyzed. Two indicators regarding
the game training were selected. One was the game time in minutes (M = 920.69; SD =
674.78), that is, the total time that spending on the game training. Another one was the game
score (M =816.55; SD = 603.73), that is, the total score that the children gained through
responding correctly to the questions in the game. A correlation analysis showed that the
game time had a positive correlation with the improvement (i.e., the difference between the
post-test and the pre-test) of Chinese character reading (r = .40, p = .03). The game score had
positive correlations with the improvement of reading comprehension (r = .38, p = .04) and
vocabulary (r = .37, p =.05).
Discussion

The results of the intervention study reflected that the children had improvements in
different literacy aspects after the training. The comparisons between the three training
groups and the control group reflected the training effects of each group. Specifically,
consistent with our assumption, the current findings indicated that compared to the other
groups, game training can benefit children’s morphological awareness more. However, such
extra benefit of the game training on morphological awareness only was observed in the
morphological production task, but not in the homophone awareness task. One possible
interpretation is that the homophone awareness task was relatively easy for the children in the
current sample. The scores of the homophone awareness task (Maximum = 31) were
relatively high in the pre-test (Mean = 20.32) and the post-test (Mean = 24.20). It is possible
that the group difference would be observed in a homophone awareness task with a higher
difficulty. Also, the morphological training improved the children’s performance in

morphological production, whereas the dialogic reading elicited improvements similar to the
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control group. Together, these findings demonstrated that training including morphological
information can improve children’s morphological awareness.

Another interesting finding is that the game training also led to a larger enhancement
in Chinese character reading than the morphological training. This finding implied a
possibility that the computer game can facilitate the reading ability at the word level.
Consistent with this finding, previous studies also found that playing games with high-quality
content through digital tools can improve children’s academic achievements, including
literacy abilities (Neumann, 2014; Shamir & Korat, 2007). In line with the current findings,
previous studies found that even after controlling for children’s performance on homophone
sensitivity along with other measures, the morphological production task still explained
unique variance in character reading (Shu et al., 2006).

It should be noted that in the morphological production task, both sensitivities to
specific morphemes and knowledge of morphological structure were required. Thus, the
morphological production task is particularly comprehensive as a measure of morphological
awareness. The morphological production task first requires that children correctly identify

critical morphemes. For example, in the question FRAMFE/NEEBEEEIATEE?  (“What do
we call a scenario in which a horse is dancing?”), the critical morpheme in the word #k#%
(tiu3-mou5, jump-dance) is £ (dance), because #% (dance), but not Bk (jump), most
precisely represents the meaning of the word #k#%. In addition, children must use the correct
word structure to combine the two critical morphemes to produce a novel word 5% (maa5s-
moub, horse-dancing), reflecting children’s awareness of Chinese compounding structure,
and the subject-predicate structure in this case. Some children gave variable incorrect
answers, including #£55 (mou5-maab, dancing-horse) or BkF (tiu3-maab, jumping-horse),
the structures of which are incorrect in expressing the exact meaning of the question. This

task appears to directly tap children’s ability to use both the morpheme and morphological
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structure knowledge. Therefore, group differences in this task demonstrated that the game
and the morphological training were beneficial for the morpheme and morphological
structure knowledge.

An alternative interpretation is that playing the game, which presents interesting
stories and challenges, enhanced the children’s interests in reading. Literature demonstrated
that interest in reading can assist reading development (Wigfield et al., 2004), however, this
interpretation should be further explored with empirical evidence. Meanwhile, the data of the
game group showed positive correlations of playing the game with literacy abilities, i.e.,
Chinese character reading, reading comprehension, and vocabulary. These results lent
support for the effectiveness of the game. It can not only improve children’s morphological
awareness but also improve their general literacy abilities (Li et al., 2002; Liu & McBride-
Chang, 2010; McBride-Chang et al., 2003).

As well, we found a group difference in dictation. That is, the children in the three
training groups had significant improvements after the training session, but not the control
group. These results demonstrated that reading-related training can not only benefit the
ability relating to the training content but also assist children’s general reading ability. Also,
the improvements in the game and morphological training groups might be led by the
improvements of morphological awareness, which has correlated with literacy abilities,
including dictation (Kalindi & Chung, 2018; Shu et al., 2006).

At the same time, the current findings showed that dialogic reading leads to the
largest improvement in vocabulary. This finding reflected an advantage of parent-child
dialogic reading in improving vocabulary. A possible reason is that the content of the parent-
child dialogue was not limited. The parents were asked to lead dialogues during reading
storybooks. The dialogues even can beyond the content of the storybook. The training aimed

to encourage children to think about the story and to express their ideas. The children may be
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acquired more words through the dialogues, resulting in an improvement of vocabulary
(Teepe et al., 2017). However, as the current project did not record the parent-child
dialogues, it is hard to provide empirical evidence for this interpretation. Future studies could
explore it by analyzing more details of the dialogic reading training.

On the other hand, we received some feedback about the MorpheGame and the
morphological training handbooks, which were developed by the project team. According to
the feedback from the participated children and parents, both of these two training materials
improved children’s learning interests. More importantly, these two materials make the
knowledge relating to morpheme and morphological structure explicitly, which is rarely been
taught directly in traditional teaching materials. At the same time, we also acquired many
valuable comments to improve the quality of the two materials. These comments can help us
make a better interface of the game, which makes the game more child friendly. Also, during
the training, the children found the morphological structures are relatively hard to acquire. To
make the content of the game and handbooks consistent, we used the same template for
training the morphemic knowledge (i.e., homophones and homographs) and the
morphological structure. However, indeed, compared to the homophones and homographs,
which can be seen directly, the invisible morphological structure is harder to acquire. Thus, to
improve their effectiveness, it would be better to revise the design of the game and the
handbooks to make the content, in particular the one regarding morphological structure,
easier for children to obtain. If it is possible, we hope to discuss with SCOLAR to upgrade
the MorpheGame and the morphological training handbooks and promote them to the
community in the future.

Conclusions and Recommendations
The current project developed a computer game and two handbooks to improve

children’s morphological awareness, and their effectiveness was examined through an
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intervention study. The results showed that the training that was utilized in the current
project, i.e., the game, the dialogic reading with morphological training, and the dialogic
reading, can benefit children’s reading development. In particular, the game and the dialogic
reading with morphological training can facilitate children’s morphological awareness. In
addition, these three trainings, especially these relating to morphological awareness, could
improve children’s reading abilities at multiple levels, such as Chinese character reading,
reading comprehension, dictation, and vocabulary. The current findings provide insights into
using digital tools to facilitate children’s reading development. Notably, the prevalence of
using digital tools in children is increasing. Although using digital tools may lead to some
negative results (Dias et al., 2016; Madigan et al., 2019; McManis & Gunnewig, 2012; van
der Kooy-Hofland et al., 2012), it also could result in benefits. We should utilize these
convenient digital tools to develop more interesting and efficient educational games or

learning materials.
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