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Abstract

Chinese character-pinyin mapping is a foundational but demanding task for beginning learmers of Chinese
as a foreign language. Learners must connect visual character forms with alphabetic pinyin spelling and
tonal information, yet classroom practice often relies on copying, word lists, or recognition-based exercises
that provide limited active retrieval and feedback. This study presents PinyinDash, a dual-mode digital game
prototype designed to support Chinese character-pinyin learning through accurate pinyin-tone input, post-
learning review, rapid memory retrieval under time pressure, light pre-exposure, immediate feedback, and
customizable classroom word banks. The prototype combines Learning Mode, which organizes characters
into short tone-marked pinyin input sessions, and Time Mode, which turns toneless pinyin retrieval into a
post-learning falling-meteor review activity. Time Mode outcomes are interpreted as retrieval-practice and
pre-exposure signals rather than direct evidence of tone-marked mastery. The design was informed by
digital game-based learning, retrieval practice, spaced review, and Keller's Attention, Relevance, Confidence,
and Satisfaction (ARCS) motivation model. A one-group pre-test/post-test classroom study was conducted
with 30 Grade 10 students in Chiang Mai, Thailand. After teacher instruction on the target item pool, students
completed a pre-test, used PinyinDash for 2 weeks, and completed a post-test and an ARCS-based
motivation questionnaire. Learning achievement increased from the pre- test (M = 13.00, SD = 3.19) to post-
test (M = 18.37, SD = 2.19), p < .001. Motivation results showed high agree/strongly agree response
percentages across Relevance (95.0%), Satisfaction (92.5%), Attention (88.3%), and Confidence (85.8%), with
high overall internal consistency (Cronbach’s alpha=.928). These findings suggest that PinyinDash is a
feasible and motivationally acceptable prototype for classroom Chinese character-pinyin practice, while

controlled studies are needed to establish causal effectiveness.
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M ntroduction

Chinese character-pinyin mapping is one of the first technical barriers encountered by learners of
Chinese as a foreign language. To participate in even basic classroom tasks, learners must connect a visual
character with its alphabetic pinyin spelling, tone, and pronunciation. This mapping is not transparent to
beginners because the written character does not directly reveal pronunciation, as alphabetic writing
systems often do. Leamners, therefore, need repeated encounters with the same forms, but repetition alone
is not enough. They also need active recall, feedback, and opportunities to notice and correct partial errors
in spelling or tone. In many classroom settings, pinyin and character practice still depend heavily on word
lists, copying, teacher-led questioning, or recognition-based tasks. These activities can be useful for initial
exposure, but they may not provide enough retrieval practice. A learner who can recognize a correct pinyin
form in a multiple-choice item may still struggle to produce that form independently. Similarly, a learner
who can copy pinyin with tone marks may not yet retrieve it fluently when a character appears without
support. This gap between recognition and production is especially relevant for early-stage learners who
are trying to build reliable form-sound links.

Digital game-based learning is one way to address this problem because it can tumn repeated
practice into a goal-directed, feedback-rich activity. Prior work has suggested that language-learning games
can support engagement, participation, and vocabulary practice when game mechanics align with learning
tasks rather than serve as superficial rewards (Butler, 2015; Chen & Hsu, 2020; Zhonggen, 2018). Research
on vocabulary and game-based tasks has also reported positive or supportive effects on vocabulary
achievement, motivation, self-confidence, and word knowledge across different language learning contexts
(Li, 2021, Mokhtar & Rahelan, 2024; Rasti-Behbahani & Shahbazi, 2020). Within Chinese learning, recent
studies have examined gamified vocabulary tools, Mandarin learning games, and expert or learner
perspectives on digital games for Chinese vocabulary learning (Rawendy et al.,, 2017; Ying et al, 2021;
Phupunna & Hongsamsibkao, 2024; Zhang & Abdul Salam, 2025). These studies suggest that game-based
tools can be pedagogically useful, but they also point to the need for tools that are designed around
specific features of Chinese, including character-pinyin mapping. The need for task-specific design is
especially clear in the context of Chinese pinyin learning. A game that only asks learners to select a matching
card may increase exposure, but it may not require learners to construct the pinyin form. A game that asks
learners to react quickly may increase excitement, but it may also reduce attention to tones if tonal
accuracy is not included somewhere else in the learning cycle. For this reason, the present study treats
prototype structure as part of the research problem. The question is not only whether students like a game,
but whether the game organizes the right kinds of practice: accurate production, repeated retrieval,

feedback after errors, and content alignment with what the teacher is actually teaching.
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PinyinDash was developed as a targeted response to this need. Rather than presenting Chinese
vocabulary solely as a quiz or recognition task, the prototype asks learners to type pinyin. Its core design
idea is that beginners need two complementary forms of practice: slow, careful input for accurate pinyin-
tone encoding, and post-learning review that encourages rapid memory retrieval after initial study.
Therefore, the prototype contains two linked modes. Learning Mode supports accurate tone-marked pinyin
input with immediate feedback and retry opportunities, while Time Mode transforms toneless pinyin
retrieval into a falling-meteor review game that can also provide light pre-exposure to future learning items.
The game also supports teacher-aligned custom word banks, visible progress, score feedback, wrong-item
collection, and review support. The present article reports PinyinDash as a research article rather than as a
software manual. It focuses on the educational concept, prototype structure, and classroom evidence from
a one-group classroom study. The study asks whether this dual-mode prototype is feasible and
motivationally acceptable for Thai high school learners of Chinese, and whether learners show
improvement in character-pinyin learning after a two-week classroom intervention. Because the empirical
design uses a single participating group without a separate comparison group, the study does not provide
strong causal evidence. Instead, it provides preliminary classroom evidence to guide future controlled

studies and further prototype refinement.

| Significance and Purposes

1) To describe the game concept and prototype structure of PinyinDash in relation to Chinese
character-pinyin learning.

2) To examine learners' motivation after using PinyinDash through an ARCS-based questionnaire.

3) To evaluate leamers' achievement change through pre-test and post-test scores from the

participating group.

B Literature Reviews
Digital Game-Based Learning for Language Practice

Digital game-based learning is commonly discussed to promote attention, persistence, interaction,
and repeated practice. In language learning, games may be especially useful when they make learners
repeatedly process target forms while maintaining a sense of challenge and progress. However, the
pedagogical value of a game does not come solely from entertainment. It depends on how well the
mechanics of the game are aligned with the learning objective (Butler, 2015; Chen & Hsu, 2020). If learners
spend most of their effort on actions unrelated to the target knowledge, game mechanics can distract from

learning. If the game action is the learning action, repeated play can become repeated practice.
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This alignment is important for vocabulary learning. Word learning usually requires multiple
encounters, gradual strengthening of form-meaning or form-sound associations, and feedback after errors.
Recent studies on word games and classroom gaming tools have reported supportive patterns for
vocabulary development when activities provide active engagement and meaningful repetition (Bustrillo et
al., 2024; Mokhtar & Rahelan, 2024). Research on serious games and digital game-based tasks has similarly
suggested that interactive vocabulary practice may influence learning outcomes when it is structured around
the content to be learmed (Chen & Hsu, 2020; Rasti-Behbahani & Shahbazi, 2020; Zhonggen, 2018).

At the same time, a positive game effect should not be assumed simply because an activity is
digital or game-like. Game-based practice may help when it increases time on tasks, encourages repeated
responses, and provides meaningful feedback, but it may be less useful when points, animation, or
competition are disconnected from the learning target. In a vocabulary game, the most important action
should involve the target vocabulary itself. This principle guided the design of PinyinDash: scoring, progress,
and completion are tied to pinyin responses rather than to unrelated navigation or chance. The prototype,
therefore, aims to make the game action and the learning action the same.

In Chinese learning contexts, game-based tools face a more specific design challenge. Learners
must connect characters, pinyin spelling, tones, pronunciation, and meaning. Many vocabulary games
support recognition or matching, but fewer are built around active pinyin production. Previous work on
Chinese language learning games and Mandarin learning tools has illustrated the potential of gamified
practice and the importance of connecting game design with vocabulary content, learner engagement, and
motivational support (Rawendy et al., 2017; Ying et al.,, 2021; Phupunna & Hongsamsibkao, 2024; Zhang &
Abdul Salam, 2025). PinyinDash addresses this need by treating pinyin input as the core game action rather
than a secondary display feature.

This focus on pinyin input also distinguishes the prototype from broader Chinese vocabulary games.
Many useful tools combine images, meanings, pronunciation, or character recognition, but beginners often
need a narrower and more repetitive bridge between a character prompt and the pinyin form they must
produce. A classroom prototype can therefore be valuable even if it does not attempt to teach every
aspect of Chinese vocabulary at once. PinyinDash deliberately narrows the task so that learners repeatedly
answer the same central question: when this character appears, can | produce the corresponding pinyin

form accurately or quickly enough for the present mode?

Retrieval Practice and Spaced Review

Retrieval practice provides a cognitive rationale for input-based character-pinyin practice. When
learners actively recall a target form, retrieval itself can strengthen later retention more effectively than
passive exposure (Roediger & Karpicke, 2006; Karpicke & Roediger, 2008; Roediger & Butler, 2011). Retrieval-
based learning has also been shown to support meaningful learming beyond simple restudy (Karpicke &
Blunt, 2011). This is directly relevant to pinyin learning because the learner must retrieve the pinyin spelling

from a character prompt. A multiple-choice task may allow recognition, but typing requires the learner to
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assemble and produce the form. For beginners, this production requirement can reveal partial knowledge:
a learner may remember the initial consonant but forget the final, or may type the correct letters but omit
the tone.

Spaced review is also relevant because vocabulary and form-sound associations are not normally
stabilized after a single correct response. Distributed practice has been shown to support later retention
across many verbal leaming tasks (Cepeda et al,, 2006), and the timing of spacing can influence later
retention (Cepeda et al., 2008). A classroom game cannot fully replace a long-term memory system, but it
can provide short-cycle review and prevent difficult items from disappearing too quickly. PinyinDash
therefore uses visible mastery states and review support to keep weak, new, and due-for-review items
available for continued practice.

For beginning learners, spacing also has a practical classroom meaning. Learners may meet a word
during the teacher's explanation, answer it once during an exercise, and then move on before the form is
stable. A review-oriented prototype can create additional encounters without requiring the teacher to
manually track every learner's weak items. In PinyinDash, review support is intentionally presented through
simple visible states rather than through technical terminology. Learners see that some items are new, pre-
exposed, in progress, due for review, or mastered. This design keeps the interface understandable while
still encouraging distributed practice (Cepeda et al., 2006, 2008).

The distinction between accurate encoding and review-oriented retrieval is central to the present
prototype. Learning Mode prioritizes careful pinyin transcription with tone marks. Time Mode prioritizes
rapid retrieval of toneless pinyin after learning and can lightly expose learers to items that will be formally
studied later. This distinction is pedagogically important because tone-marked accuracy, memory retrieval
under time pressure, and prior exposure are related but not identical learning functions. A timed game can
support repeated retrieval, but it should not be treated as complete evidence that a learner has mastered
pinyin spelling and tone. The design separates these functions while allowing both to contribute to the

overall learning experience.

ARCS Motivation Model

Motivation is a major concern in repeated vocabulary practice because the activity can easily
become monotonous. Keller's Attention, Relevance, Confidence and Satisfaction (ARCS) model provides a
useful framework for designing and evaluating the motivational quality of instructional materials (Keller,
2010). The model includes four dimensions: Attention, Relevance, Confidence, and Satisfaction. Attention
concerns whether the learning experience captures and sustains interest. Relevance concerns whether
learners perceive the activity as connected to their needs or goals. Confidence concerns whether the
environment helps leamers believe they can succeed. Satisfaction concerns whether learners experience
reward, accomplishment, or positive reinforcement.

The ARCS model is also useful because it separates different motivational qualities that might

otherwise be merged into a general statement that learners enjoyed the game. A learmer may find the
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falling-meteor screen exciting but still feel that the task is not relevant to class. Another learner may believe
the content is relevant but feel anxious if the task is too difficult. By reporting Attention, Relevance,
Confidence, and Satisfaction separately, the present study can more directly connect learner responses to
prototype design decisions. This is important for a design-oriented article because motivation results should
inform revision, not only provide a positive evaluation.

PinyinDash used the ARCS model not only as a post-use questionnaire framework, but also as a
prototype design lens. In line with Keller’s motivational design model, the prototype was designed to
address learners’ attention, relevance, confidence, and satisfaction during repeated pinyin practice (Keller,
2010). The design also followed the view that game mechanics should be meaningfully aligned with the
target leaming action rather than function only as external decoration or reward (Butler, 2015; Chen & Hsu,
2020; Zhonggen, 2018). Recent work on Chinese vocabulary educational games has also used the ARCS
model to frame game design, supporting its relevance for this context (Zhang & Abdul Salam, 2025). Table
1 summarizes the main ARCS-based design mapping. The table focuses on representative design features

rather than listing every interface element.

Table 1.

ARCS-based design mapping

ARCS dimension PinyinDash features Design rationale

Attention Falling Chinese-character meteors that tumn These features sustain
repeated pinyin retrieval into a visually changing attention during
task; dual time pressure through a 60-second Time  repeated pinyin review
Mode round and individual falling-meteor by combining visual
deadlines; immediate visual feedback after correct  movement, bounded
or incorrect responses. time pressure, and

immediate feedback
while keeping the game
action tied to pinyin
responses.

Relevance Teacher-aligned custom word banks that allow These features help
practice items to match classroom-taught learners perceive the
vocabulary; a shared item pool across Learning game as connected to
Mode and Time Mode that connects slow learning  class learning rather than
and fast review to the same lesson content; light as unrelated
Time Mode pre-exposure that makes some future entertainment.

Learning Mode items familiar before formal study.
Confidence Five-item Learning Mode groups that break the Reduces overload,

word bank into manageable practice units; mistake

supports step-by-step
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ARCS dimension PinyinDash features Design rationale

cards, “Don’t Know” support, and retry success, and makes

opportunities that make errors recoverable; visible  mistakes part of guided

mastery states that show each item’s learning practice rather than final
status. failure.

Satisfaction Success cards and meteor destruction that make These features make
correct retrieval immediately visible; score and successful practice
combo rewards that turn repeated correct visible, rewarding, and
responses into achievement feedback; group- complete.

completion review and visible progress indicators
that give learners a sense of closure; an optional
local leaderboard that records Time Mode

achievement.

The mapping should be interpreted as design rationale rather than feature-level causal evidence.
Several features may support more than one motivational quality, but the table identifies their primary
intended role in the prototype. The present study reports learners’ overall motivational response to

PinyinDash and cannot determine which individual feature contributed most to the ARCS ratings.
Research Gap

The literature suggests that game-based learning can support vocabulary practice, retrieval practice
can strengthen memory, spaced review can organize repeated exposure, and ARCS can guide motivational
design. However, there remains a practical need for classroom-oriented prototypes that combine these
ideas for the specific problem of Chinese character-pinyin learning. The gap addressed in this study is
therefore not simply whether games can be fun, but whether a pinyin-input game can be structured as a
coherent learning environment and show promising classroom evidence in both achievement and

motivation.

| PinyinDash Game Concept and Prototype Structure
Overall Design Concept

As shown in Figure 1, PinyinDash was designed as a dual-mode classroom game prototype for
Chinese character-pinyin practice. The system uses a teacher-taught item pool or custom word bank as the
shared content base. Learning Mode supports slower and more accurate pinyin-tone input, while Time

Mode turns later review into a falling-meteor retrieval game. This structure reflects the idea that beginning
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learners need both careful form practice and repeated retrieval opportunities, but these functions are better

supported through different interaction conditions.

Teacher-taught item pool PinyinDash item pool
Custom word bank aligned with classroom Chinese characters, pinyin spelling, and
lessons tone-marked display forms
T

shared content base

Dual-mode classroom practice

Learning Mode Time Mode

post-learning review

Falling-meteor review, rapid toneless retrieval, score,
lives, and combo feedback

Careful pinyin-tone input, immediate feedback, and
retry practice

light familiarity for later practice
\\ Leamning Mode remains the main space for tone-marked pinyin /
\\ learning !_,-/
\ /./'
X v
Feedback and progress support Classroom outcomes
Progress indicators, wrong-item support, review cues, Learning achievement and ARCS motivation
and learner feedback evidence

Figure 1. Overview of the PinyinDash classroom practice flow.

In this paper, the game concept is presented at the prototype and classroom-use level. The focus
is on how the tool organizes learning activities for students, not on the full internal scheduling mechanism.
More technical details of adaptive item selection and scheduling are treated as future system-development

work.

Custom Word-Bank Management

Figure 2 illustrates the word-bank management interface, including built-in word banks, teacher-
created lists, item viewing, and import functions. A key design feature of PinyinDash is its custom word-bank
function. Teachers can prepare or select a word bank containing Chinese characters, pinyin spelling, and
tone-marked display forms. The prototype supports both built-in word banks and teacher-created word
banks. Teachers may select an existing word bank for general HSK level 1-2 practice or create a classroom-
specific list by entering items manually in game or importing a prepared text file. Each item includes a
Chinese character or word, a toneless pinyin form for answer matching, and a tone-marked display form for
learner feedback. Word banks can be edited, deleted, exported, and imported, allowing teachers to align
PinyinDash with lesson content, tests, or review activities. This allows the game content to remain aligned
with classroom lessons and assessment content. In the present study, the pre-test, post-test, and game

practice were all connected to the same teacher-taught item pool.
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Words in "hsk2"

le|lido

qinjaing

é

rud

ybu

pin

zé

xid

cud

bén

nién

ma

Figure 2. PinyinDash’s word bank management interface.

This function supports classroom relevance because students practice items that belong to their
current course rather than an unrelated commercial word list. It also preserves the teacher's role in selecting

learning content, while the game provides repeated practice, feedback, and review opportunities.

Learning Mode

Figure 3 shows the Learning Mode dashboard, where learmers view grouped characters and mastery-
related information before practice. Figure 4 shows the pinyin-tone input screen, where learners enter tone-
marked pinyin for a target Chinese character. Learning Mode is the accuracy-oriented part of the prototype.
It organizes practice into short groups of items so that learners can focus on a manageable set of Chinese
characters at one time. During practice, learners see a Chinese character and enter the corresponding pinyin
with tone information. The tone-input mechanism differed according to device type. On devices with a
physical keyboard, learners typed pinyin letters with the standard keyboard and used the number keys 1-
4 to enter the four Mandarin tones. The number key was applied to the most recently typed vowel in the
current input sequence. For example, to enter “a”, a learner could type a and then 3, so that the system
converted “a” into “@”. On mobile or touch-screen devices, Learning Mode displayed a custom virtual
keyboard with letter keys, a backspace key, a confirmation key, and four tone keys corresponding to tones
1-4. This input design allowed leamers to produce tone-marked pinyin without installing an external Chinese
input method. Immediate feedback helps learners notice spelling or tone errors, and incorrect items can

reappear for further practice.
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Mastery Level Guide

New
Never answered correctly. Will appear in the next
learning session

Learning - 1-3 correct
Correct 1-3 times. Will be reviewed again soon

Due for review!
Correct 4+ times and it's time to review! Will appear
with priority.

Mastered
:-1: Correct 4+ times, review not yet due. Will be skipped
until the next review date

Spaced Repetition

The system schedules reviews at increasing intervals: 25s — 1d
» 6d — 15d — 38d — 90d. Getting a word wrong resets its
progress.

[0 View in Help Center

Figure 3. PinyinDash’s Learning Mode dashboard.

This mode is important because it requires active pinyin production rather than only recognition.

It also keeps tone accuracy in the learning cycle. The input design aims to reduce the technical difficulty

of typing tone-marked pinyin while still requiring learners to attend to tones.

Don't Know

Figure 4. PinyinDash’s pinyin-tone input screen.
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Time Mode

Figure 5 shows the Time Mode screen, including falling character meteors, score and combo
feedback, and the timed retrieval environment. Time Mode is the review-oriented part of the prototype. In
this mode, Chinese characters appear as falling meteors, and learners type the corresponding toneless
pinyin before the meteor reaches the bottom of the screen. The standard round uses a short time limit,

lives, score, and combo feedback to make repeated retrieval more game-like and engaging.

Figure 5. PinyinDash’s Time Mode practice screen.

The educational purpose of Time Mode differs from Learning Mode. Time Mode supports rapid
retrieval and post-learning review, but it should not be interpreted as complete evidence of tone-marked
mastery because learners do not type tone marks during the timed response. Therefore, Learning Mode
remains the main space for careful pinyin-tone learning, while Time Mode provides review, motivation, and

light pre-exposure to items that may later be practiced more formally.

Brief Dual-Mode Linkage

The two modes are connected at the classroom-practice level rather than treated as isolated mini-
games. Students can first use Learning Mode for careful pinyin-tone practice and then use Time Mode for
faster review. Time Mode may also help learners become familiar with some items before formal practice,
but it does not replace Learning Mode as evidence of pinyin-tone learning. This distinction keeps the
prototype’s learning flow clear: careful input first, retrieval-oriented review afterward. In this article, the

linkage is therefore described only as a learning-flow design, not as a detailed algorithmic mechanism.

Classroom Flow
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The prototype also includes progress indicators, feedback, score, wrong-item support, and review
cues. These features help students understand their practice status without needing to see the technical
scheduling logic. From the learner’s perspective, the flow is simple: learn a small group, type pinyin, receive
feedback, play a timed review round, and return to weak items when necessary.

This structure makes PinyinDash suitable for short classroom sessions. A teacher can introduce or
review target words, students can complete a short Learning Mode activity, and Time Mode can be used
as a high-energy retrieval activity. Because the system uses the teacher’s own word bank, the game can
remain connected to the course syllabus and assessment content. This classroom alignment is central to
the present study because the article evaluates PinyinDash as a feasible classroom prototype rather than

as a complete standalone learning platform

B Methods

Research Design

The study used a one-group pre-test/post-test classroom study design. This design was selected
because the study aimed to evaluate the classroom feasibility of a newly developed prototype and to
examine preliminary evidence of learner motivation and achievement. The design is appropriate for an
early-stage prototype evaluation, but it does not allow strong causal claims because it lacks a separate
control group. This design aligns with the project's developmental status. PinyinDash was a working
classroom prototype, not a mature commercial platform. At this stage, the first empirical question was
whether learners could use the game during ordinary class time, whether teacher-selected content could
be practiced through the system, and whether the achievement and motivation results were promising
enough to justify a larger controlled study. The design emphasizes feasibility and preliminary evidence

rather than definitive effectiveness.

Participants and Context

Participants were 30 grade 10 learners at a private high school in Chiang Mai, Thailand. The learners
were enrolled in a Chinese course using content aligned with the HSK Level 2 learning level. The
intervention was implemented during regular Chinese classes rather than in an artificial laboratory setting.
This classroom context was important because the study aimed to examine whether the prototype could
be integrated into ordinary instruction.

The instructional sequence included teacher instruction on the target content, a pre-test, 2 weeks
of PinyinDash practice, and a post-test. The two-week intervention included eight regular Chinese class
sessions. In each session, learners used PinyinDash for approximately 10-15 minutes. The usual classroom

sequence was to use Learning Mode first to learn and review the target character-pinyin items, followed by
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Time Mode for consolidation through timed retrieval practice. During the two-week intervention, the teacher
did not continue reteaching or reviewing the same target item pool; ordinary instruction moved on to later
course content, while PinyinDash provided practice on the previously taught items. The teacher-taught item
pool served as the basis for both the game and assessment content. All 30 learners completed the pre-
test, participated in the full intervention sequence, and completed the post-test, and all results are reported
in aggregate form.

The choice of a high school classroom context is important for interpreting the study. Thai learners
of Chinese often study characters, pinyin, pronunciation, and meaning within limited weekly class time.
Teachers need practice activities that are short, repeatable, and easy to connect with current lessons. The
intervention was therefore not designed as a stand-alone self-study course. It was designed as a classroom

supplement that could be inserted after the teacher's explanation and before a later assessment.

Intervention Procedure

The classroom intervention followed four stages. First, before the game-practice period, the teacher
introduced the target Chinese characters and pinyin forms through normal classroom instruction. Second,
learners completed the pre-test to measure their initial performance on the target learning content. Third,
learners used PinyinDash across eight class sessions during a two-week practice period. Practice normally
began with Learning Mode for slower pinyin-tone learning and review, and then moved to Time Mode for
consolidation, rapid retrieval, and game-based practice. Fourth, learners completed the post-test and the
ARCS-based motivation questionnaire.

The intervention was designed as an extension of classroom instruction rather than as a
replacement for the teacher. This distinction matters because digital tools are often most useful when they
provide additional practice, feedback, and motivation around teacher-selected content. In the present
study, PinyinDash provided a structured practice environment for content that had already been introduced
in class.

During gameplay, learners practiced the same general item pool in both modes. Learning Mode
was used for slower pinyin-tone input and correction, while Time Mode provided post-learning review, rapid
memory retrieval under game pressure, and light pre-exposure to selected items. Although the teacher
retained the flexibility to respond to the classroom rhythm, the typical implementation placed Learning
Mode before Time Mode, so that learners first carefully reviewed items and then consolidated them in the
timed game environment. This combination of a short practice window and a consistent mode sequence

is one reason the prototype was suitable for this classroom implementation.

Research Instruments

Learners' motivation, which was measured using a Thai-language ARCS-based questionnaire after

the intervention. The questionnaire contained 16 closed-ended items organized into four dimensions:
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Attention (items 1-4), Relevance (items 5-8), Confidence (items 9-12), and Satisfaction (items 13-16). Each
dimension contained four items. Responses were given on a five-point Likert scale ranging from 1 = strongly
disagree to 5 = strongly agree. For descriptive reporting, responses within each ARCS dimension were
summarized using frequencies and percentages. Dimension means were retained only as supplementary
descriptive indicators, with higher scores indicating stronger perceived motivation. Internal consistency was
evaluated using Cronbach's alpha for the 16 ARCS items overall. The questionnaire was administered after
learners had experienced the prototype rather than before use, because the purpose was to measure their
perceived motivation toward the actual learning activity. Attention items were interpreted in relation to the
game interface and interaction style. Relevance items were interpreted in relation to the connection
between game content and classroom learning. Confidence items reflected whether learners felt able to
succeed during practice. Satisfaction items reflected whether the game produced a sense of progress,
reward, or worthwhile completion.

Another tool is the learners’ learning achievement, which was evaluated using a pre-test and a
post-test. Each test had a maximum score of 20 points and contained 20 items. Ten items were multiple-
choice questions that included pinyin with tone information in the answer options, and ten items were
pinyin-writing items requiring learners to write the pinyin corresponding to given Chinese characters. Each
item was worth one point. For the pinyin-writing items, learners wrote standard pinyin with tone marks for
the given Chinese characters, such as ma, rather than tone numbers. Each response was judged as correct
or incorrect according to a researcher-prepared answer key; no partial credit was given because the pinyin
form was treated as a complete answer. The school's Chinese teacher first checked the responses, and the
researcher then reviewed the judgments. For polyphonic characters, any correct pronunciation was
accepted as correct. The two tests were not identical repeated forms. Instead, they were designed according
to the same assessment blueprint, used the same item-type balance, were intended to be similar in
difficulty, and sampled Chinese characters from the same teacher-taught item pool. The two-part test
format was chosen to reflect both recognition and production. Multiple-choice items can show whether
learners recognize the correct tone-marked pinyin among alternatives, while pinyin-writing items require
learners to produce the complete pinyin form from a Chinese character prompt. To reduce the possibility
that learners would improve simply by remembering the exact pre-test items, words appearing in prompts
and options were replaced where appropriate in the post-test. These replacement words were selected
from the same classroom item pool, so the two forms remained aligned with the same target content while
avoiding direct item repetition. These procedures provided content validity evidence because the test
content, classroom instruction, game word bank, and target construct were aligned around Chinese
character-pinyin mapping. The two components were combined into a total achievement score because
both measured complementary aspects of the same target construct: connecting Chinese characters with
corresponding pinyin forms. The total score was therefore interpreted as an overall classroom-aligned

indicator of character-pinyin learning.
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Internal consistency was examined for the dichotomously scored achievement tests. The pre-test
showed acceptable internal consistency, Cronbach’s alpha = .740, and the post-test also showed

acceptable internal consistency, Cronbach’s alpha = .733.
Data Analysis

Descriptive statistics were calculated for pre-test and post-test total scores. A Shapiro-Wilk test was
used to examine the normality of difference scores. A paired-samples t-test was used to compare pre-test
and post-test achievement. The mean gain and paired-samples effect size d, were reported to describe the
magnitude of change. For the paired-samples comparison, d, was calculated as t/\/ﬁ, and its absolute
value was interpreted as the magnitude of the effect. Component-level descriptive statistics were also
calculated for the multiple-choice recognition items and the pinyin-writing production items. Internal
consistency for the dichotomously scored achievement tests was examined using Cronbach’s alpha. For
motivation, response frequencies and percentages were calculated for each ARCS dimension, and
dimension means were retained as supplementary descriptive indicators. Cronbach’s alpha was used to
evaluate overall internal consistency.

The statistical analysis was kept aligned with the one-group classroom study design. The paired-
samples t-test was suitable because the same learners completed the pre-test and post-test. The paired-
samples effect size d, was reported to provide an effect-size estimate, but it is interpreted cautiously
because there was no comparison group. The motivation analysis focused on descriptive patterns and
reliability rather than prediction. This choice reflects the article's purpose: to report whether the prototype
is promising in classroom use and to identify design implications for future controlled studies.

Detailed in-game log data were not collected during this classroom implementation. Therefore, the
present analysis focuses on achievement outcomes and post-use motivation responses rather than
behavioral process data such as mode-use frequency, item-level attempts, response times, or wrong-item

review actions.

B Research Results

Learning Motivation Results

Table 2 presents the response frequency and percentage distribution for the ARCS motivation
guestionnaire. The overall 16-item ARCS scale showed high internal consistency, Cronbach’s alpha = .928.
Across the four dimensions, most responses were either agree or strongly agree. The combined
agree/strongly agree percentage was highest for Relevance (95.0%), followed by Satisfaction (92.5%),
Attention (88.3%), and Confidence (85.8%). These results suggest that learners generally perceived
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PinyinDash as relevant to their classroom learning, satisfying to use, attention-supporting, and confidence-
supporting.

As supplementary descriptive indicators, the dimension means were also high: Satisfaction (M =
4.66), Relevance (M = 4.59), Attention (M = 4.51), and Confidence (M = 4.44).

The pattern across the four dimensions provides useful design information. The high proportion of
agree/strongly agree responses for Satisfaction suggests that learners experienced the activity as rewarding
or worthwhile. The high proportion of agree/strongly agree responses for Relevance suggests that learners
did not perceive the game as unrelated entertainment; instead, they recognized a connection between
PinyinDash and their Chinese learning. Attention was also high, which is consistent with the use of animated
falling items, feedback, score, and short rounds. Confidence showed the lowest agree/strongly agree
percentage among the four dimensions, although it remained high, which may reflect the difficulty of
producing pinyin accurately, especially when tone information is involved.

Taken together, the motivation results support the feasibility of continuing to use and refine the
prototype in classroom settings. They do not prove that motivation caused achievement gains, but they
show that leamers' affective response was positive after the intervention. This matters because character-
pinyin practice requires repeated effort. A tool that improves practice opportunities but is experienced as

frustrating or irrelevant would be unlikely to survive in regular classroom use.

Table 2.

ARCS response distribution by dimension

N 1n 2n 3n 4n 5n 4-5n
ARCS dimension
Response (%) (%) (%) (%) (%) (%)
0 0 14 31 75 106
Attention 120
(0.0%) (0.0%) (11.7%) (25.8%) (62.5%) (88.3%)
0 1 5 36 78 114
Relevance 120
(0.0%) (0.8%) (4.2%) (30.0%) (65.0%) (95.0%)
0 3 14 30 73 103
Confidence 120
(0.0%) (2.5%) (11.7%) (25.0%) (60.8%) (85.8%)
0 0 9 23 88 111
Satisfaction 120
(0.0%) (0.0%) (7.5%) (19.2%) (73.3%) (92.5%)

Note. Each ARCS dimension contained four items; therefore, each dimension included 120 item responses
from 30 learners. Scale: 1 = strongly disagree, 5 = strongly agree. The 4-5 column combines agree and

strongly agree responses.

Learning Achievement Results

Table 3 presents the component-level and total descriptive results for the achievement test scores.

The Shapiro-Wilk test indicated that the difference scores were approximately normally distributed, W=.981,
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p = .841. A paired-samples t-test showed a statistically significant increase from pre-test to post-test, t(29)=-
10.85, p < .001. The negative sign reflects the subtraction order used in the paired comparison. The mean
gain was 5.37 points on the 20-point scale, and the effect size was large, |d_z |=1.98.

Because the two tests followed the same assessment blueprint but did not repeat the same items,
this comparison is interpreted as change across two classroom-aligned forms rather than as performance
on an identical repeated test.

The descriptive pattern is also educationally meaningful. The total mean score increased from
65.00% to 91.85% of the maximum score. The median score increased from 13.00 to 19.00, suggesting that
the improvement was not limited to a small number of learners. The standard deviation decreased from
3.19 to 2.19, which indicates that post-test performance was not only higher on average but also more
concentrated near the upper end of the scale. In this classroom study, this pattern suggests broad
improvement during the PinyinDash practice period on a target item pool introduced before the pre-test.

The result should still be read within the scope of the assessment. The tests measured the teacher-
taught character-pinyin item pool rather than general Chinese proficiency. Therefore, the gain indicates
improvement across two classroom-aligned test forms covering the target learning content used in the
course and game intervention. This is appropriate for prototype evaluation because the purpose of
PinyinDash is to support classroom-aligned practice, but it should not be generalized to all aspects of
Chinese vocabulary or communicative ability.

Component-level descriptive results clarified the mixed assessment structure. The multiple-choice
recognition component increased from M=8.67 (SD=1.30) to M=9.70 (SD=0.65), with a mean gain of 1.03
points out of 10. The pinyin-writing production component increased from M = 4.33 (SD = 2.41) to M = 8.67
(SD = 1.97), with a mean gain of 4.33 points out of 10. Therefore, improvement appeared in both test
formats, but the larger gain was found in productive pinyin writing.

The achievement test forms showed acceptable internal consistency, with Cronbach’s alpha = .740

for the pre-test and .733 for the post-test.

Table 3.

Component-level descriptive results for achievement scores

Component N Max Pre-test Pre-test Post-test Post-test Mean
score M SD M SD Gain

Multiple-choice 30 10 8.67 1.30 9.70 0.65 1.03
Pinyin-writing 30 10 4.33 2.41 8.67 1.97 4.33
Total 30 20 13.00 3.19 18.37 2.19 5.37

achievement

M Discussion
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Prototype Feasibility

The results provide preliminary classroom evidence for the feasibility of PinyinDash as a dual-mode
digital game prototype. The learning gain from pre-test to post-test suggests that learners improved on the
teacher-taught character-pinyin content during the intervention period. The motivation results suggest that
learners responded positively to the game experience. Taken together, these findings support continuing to
develop and evaluate the prototype. The prototype structure provides a plausible design-based
explanation for why the tool may be useful in classroom practice, although the present study did not
collect log data to test the separate contribution of each feature. Learning Mode creates a low-pressure
space for pinyin-tone input and correction. The five-item group structure keeps practice manageable, while
the retry queue prevents incorrect items from being ignored. This aligns with retrieval practice because
learners must actively produce pinyin forms rather than simply identify them. It also supports confidence
because the learner can complete a small group through repeated attempts rather than facing a long list
of disconnected items.

The five-item group structure is especially important for classroom feasibility. A long list of
characters can make beginners feel that the task is endless, while a very small task may not provide enough
repetition. Five items create a short cycle that can be completed, reviewed, and repeated within a brief
class period. This supports the teacher's need for manageable classroom activities and the learner's need
for visible completion. It also makes progress feedback easier to understand because learners can see
movement from a small current set toward broader mastery. Time Mode contributes a different kind of
value. The falling-meteor mechanic, timer, lives, score, and combo feedback create urgency and
engagement. These mechanics can make repeated pinyin retrieval feel less like mechanical drilling and
more like a challenge. The mode is especially useful after initial instruction because it encourages learners
to retrieve pinyin from memory under bounded time pressure. However, the design should still be
interpreted carefully: Time Mode uses toneless pinyin, so it supports rapid form retrieval rather than
complete tone-marked mastery. The prototype is strongest when Learning Mode and Time Mode are used
together.

This dual structure also helps manage the tension between accuracy and time-pressured retrieval.
If tone-marked pinyin input were forced into every timed response, some learners might spend more effort
fighting the input method than retrieving the target form. If tones were removed from all practice, the game
would avoid a central difficulty of pinyin learning. PinyinDash resolves this tension by assigning different
learning functions to different modes. Accuracy is protected in Learning Mode, while review, repeated
retrieval, and light pre-exposure are emphasized in Time Mode. The design avoids treating one mode as
sufficient for all learning purposes. The same boundary is important for interpreting pre-exposure and
adaptive difficulty. Pre-exposure should be understood as a way to order future Learning Mode practice,
not as implicit evidence that an item has been learned. Similarly, the 85 percent target belongs to Time
Mode meteor-level pacing and challenge control; it was not used as a mastery threshold and was not

separately validated in this classroom study.
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Motivational Interpretation

The ARCS results are consistent with the design rationale summarized in Table 1. The high
agree/strongly agree percentage for Attention suggests that leamners responded positively to the falling-
meteor review environment, dual time pressure, and immediate visual feedback. These features were
designed to make repeated pinyin retrieval more dynamic while keeping the core game action connected
to pinyin responses.

The high agree/strongly agree percentage for Relevance is also important because PinyinDash was
designed around teacher-aligned word banks and a shared item pool across Learning Mode and Time Mode.
This structure helped connect slow learning, fast review, and classroom-taught vocabulary. Light Time Mode
pre-exposure may also have made some future Learning Mode items more familiar, although it should not
be interpreted as evidence that those items had already been mastered.

Confidence showed the lowest agree/strongly agree percentage among the four dimensions,
although it remained high. This pattern is understandable because productive pinyin retrieval is demanding
for beginning learners. The prototype addressed this challenge through five-item Learning Mode groups,
mistake cards, retry opportunities, and visible mastery states. These features make the task more
manageable and help learners treat errors as part of guided practice rather than as final failure.

Satisfaction showed the highest agree/strongly agree percentage among the four dimensions. This
may reflect the way successful responses are made visible through success cards, meteor destruction, score
and combo rewards, group-completion review, visible progress indicators, and the optional local
leaderboard. These rewards are tied to successful pinyin practice, so the game reward and the learning
action remain connected. However, the ARCS data should still be interpreted as learmers’ overall response

to the prototype, not as evidence that any single feature independently caused the ratings.

Achievement Interpretation

The achievement gain is encouraging but should be interpreted as preliminary. The learners
received teacher instruction on the target item pool before the PinyinDash practice period, and the study
did not include a control group. During the two-week intervention, regular teaching continued with later
course content rather than additional reteaching of the same target items. Therefore, the result still cannot
prove that PinyinDash alone caused the improvement, but it is more accurate to say that learners improved
after a classroom sequence that included prior teacher instruction and eight short PinyinDash practice
sessions. Even with this caution, the result is meaningful for prototype evaluation. A digital learning tool
must first demonstrate that it can be integrated into classroom practice and that learners can use it in a
way that supports positive learning change. The large mean gain and high motivation ratings suggest that
PinyinDash is promising enough for more rigorous future research using stronger classroom designs and

richer process data.
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The assessment format also matters for interpreting the gain. Because half of each test required
pinyin-writing responses with tone information and did not allow partial credit, the post-test improvement
cannot be explained only as better recognition of answer choices. It suggests improvement in the type of
active pinyin-tone retrieval that the prototype is designed to support. The two forms were designed with
the same blueprint and target item pool, but the prompt and option words were replaced where
appropriate to reduce memorization of exact test items. The component-level descriptive results now
clarify that improvement appeared in both recognition and productive pinyin-writing components, with a
larger gain in productive pinyin writing. Future controlled studies should examine whether game practice

contributes not only to recognition but also to productive pinyin spelling with tone information.

Implications for Chinese Character-Pinyin Learning

The findings also suggest a broader design implication for Chinese learning tools. Character-pinyin
practice should not be limited to recognition. Beginning learners need opportunities to produce pinyin
forms, notice errors, and repeat weak items. At the same time, repeated production needs to be made
motivationally sustainable. PinyinDash addresses this balance by combining careful input practice with a
review-oriented game mode. This dual-mode structure may be useful for other language-form learning
contexts where learners need both accuracy and repeated memory retrieval.

For teachers, the main implication is that a digital game can serve as a targeted practice layer rather
than a separate entertainment activity. The teacher remains responsible for introducing characters,
explaining pronunciation, and situating words in meaningful use. The game then provides additional
opportunities for learners to retrieve pinyin forms and receive immediate feedback. This division of roles is
realistic for school contexts because it does not require the technology to carry the entire burden of
instruction. It also allows the teacher to adapt the word bank to lessons, tests, or review needs.

For researchers, the study shows why prototype papers should report both design structure and
learner outcomes. If only achievement is reported, it is difficult to understand which practice produced the
result. If only the prototype is described, it is difficult to judge whether the tool is promising in real classroom
use. By combining structure, achievement, and ARCS motivation, the present article provides a fuller early-
stage evaluation. The evidence remains preliminary, but it identifies a clear design direction for more

rigorous future research.

Comparison with Previous Studies

The findings of the present study are broadly consistent with previous research on digital game-
based language learning. Prior studies have suggested that language games can support engagement,
vocabulary practice, and learning outcomes when game actions are closely connected to the target learning
task (Butler, 2015; Chen & Hsu, 2020, Zhonggen, 2018). The improvement observed in this study is

compatible with this view because PinyinDash required learners to respond directly to Chinese character-
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pinyin prompts rather than interact with game elements unrelated to the learning content. The results also
align with vocabulary game studies reporting positive or supportive patterns for vocabulary achievement,
motivation, and word knowledge (Li, 2021; Mokhtar & Rahelan, 2024; Rasti-Behbahani & Shahbazi, 2020).

The achievement pattern is also consistent with retrieval-practice and spaced-review research.
Previous studies have shown that active retrieval can strengthen later retention more effectively than
passive exposure or restudy (Roediger & Karpicke, 2006; Karpicke & Roediger, 2008; Karpicke & Blunt, 2011),
and that distributed practice can support long-term verbal leamning (Cepeda et al., 2006, 2008). PinyinDash
reflects these principles by asking learners to produce pinyin forms in Learning Mode and by creating
repeated review opportunities through Time Mode. However, the present study should be interpreted as
classroom feasibility evidence rather than direct proof of these cognitive mechanisms, because it did not
include a control group or item-level process analysis.

The motivation results also correspond to the ARCS-based design rationale. Keller’s ARCS model
emphasizes Attention, Relevance, Confidence, and Satisfaction as important motivational dimensions in
instructional design (Keller, 2010). In this study, all four dimensions were rated highly, suggesting that
learners perceived the prototype as engaging, relevant to class, manageable, and satisfying. This is consistent
with previous Chinese vocabulary game studies that highlight the motivational potential of gamified
vocabulary practice (Rawendy et al., 2017; Ying et al., 2021; Phupunna & Hongsamsibkao, 2024; Zhang &
Abdul Salam, 2025). At the same time, Confidence was the lowest of the four ARCS dimensions, which
suggests a useful difference from purely motivational interpretations: learners may enjoy the game and find

it relevant, but pinyin-tone production remains a demanding learning task that still requires scaffolding.

B conclusion

This article presented PinyinDash, a dual-mode digital game prototype for Chinese character-pinyin
learning, and reported preliminary classroom evidence from a participating group of Thai high school
learners. The prototype combines Learning Mode for accurate pinyin-tone input with Time Mode for post-
learning review, rapid memory retrieval, and light pre-exposure through falling-meteor gameplay. It also
supports teacher-aligned word banks, immediate feedback, visible progress, wrong-item support, and review
support. After two weeks of classroom use, learners showed a statistically significant improvement from
pre-test to post-test and reported high motivation across all four ARCS dimensions. These results suggest
that PinyinDash is a feasible and motivationally acceptable prototype for supporting Chinese character-
pinyin practice. The findings should be treated as preliminary rather than causal, but they provide a strong

basis for future controlled studies and continued prototype refinement.

B Linmitations and Recommendations
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This study has several limitations. First, the one-group pre-test and post-test design limits causal
interpretation. Without a control group, the observed improvement cannot be attributed only to PinyinDash.
Second, the sample size was appropriate for an early-stage classroom study but remains limited for broader
generalization. Third, although the revision reports component-level descriptive results for multiple-choice
recognition and pinyin-writing production, the present study does not conduct item-level difficulty or
discrimination analyses. It also does not model the independent contribution of Learning Mode and Time
Mode to each test component.

Another limitation is the lack of detailed in-game log data from the classroom implementation.
The available results show that learners improved and reported positive motivation after using the
prototype, but they do not show which specific game behaviors were most closely related to improvement.
Therefore, claims about progress indicators, retry opportunities, wrong-item support, review cues, score
feedback, combo rewards, and leaderboard use should be interpreted as design-based explanations rather
than feature-level causal evidence. The ARCS results should also be interpreted as learners' overall post-
use perceptions rather than evidence that any single feature independently caused motivation.

Future research should use controlled or quasi-experimental classroom designs with larger and
more diverse samples. It should also collect detailed usage logs, including Learning Mode attempts, Time
Mode accuracy, response time, mode-use duration, wrong-item records, review actions, score and combo
records, leaderboard use, and item-level progress changes. Such data would make it possible to examine
which parts of the prototype are most closely associated with learning gains and motivation. Future studies
could also include delayed post-testing to examine whether character-pinyin leamning is retained beyond

the immediate classroom intervention.
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