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Nowadays, mastering one or more foreign languages has become the norm. Especially with
the expanding economic and cultural influence of China, there is a growing interest in learn-
ing Chinese. However, due to the limitations of traditional foreign language teaching meth-
ods and the shortage of appropriate and up-to-date learning materials, learners fail to gain
ideal learning outcomes and gradually decrease learning enthusiasm. At the same time, this
situation also places a burden on educators. The advent of generative artificial intelligence
(GAI) has opened up new avenues for foreign language learning, yet there is a lack of clear
design principles to guide its application in this field. This study adopts a design science
research (DSR) methodology to derive three practical design principles for applying GAI in
assisting foreign language learning, leading to the development of the LanYu system. This
system leverages GAI to allow users only to enter Chinese characters or phrases instead of
prompts, and obtain two contextualized dialogues reflecting real-life scenarios, along with
corresponding vivid visual illustrations. Feedback from user studies demonstrates that this
system efficiently assists learners in learning Chinese by not only providing professional
and easy-to-understand learning materials but also offering an enjoyable learning experi-
ence. This research provides design guidance for incorporating GAI into foreign language
learning and lays the foundation for establishing an innovative paradigm in foreign language
education in the future.



ABBREVIATIONS

GAI
Al
LLM
T21
DSR
DR
CoT
TAM

Generative artificial intelligence
Artificial intelligence

Large language model

Text to image

Design science research

Design requirement

Chain of thought

Technology acceptance model



Table of contents

Abstract
Abbreviations
I INEOAUCTION. .. ettt et et 6
2 Related WOTK......oeii e 9
2.1 GAI for Foreign Language Learning..............ccooviviiiiniiiiiiiiiiniiiiineennes 9
2.2 Prompt ENGINEeTING ... .uvuiuiiininieiieiie e 10
2.3 Consistency in Image Generation............c.oeuveuiiiuniniiniiiiiiieiineeeeinenanes 10
3 MeEthOAOLOZY ..uvneeiteee e e e 12
3.1 Research APProach............ooiiuiiiiiiii i 12
3.2 Identification of Problems and Motivations ............c.cccvuveieniniininiininnenennn. 14
3.3 Objectives Of @ SOIUION ... .uvuinitiiiii e 15
3.4 Design and Development ..........coouiiuiiiiiiiiiiiiiiiii e 17
3.4.1 Derivation Design PrinCiples .........cocveviviiiniiiiiiiiiiiiiiiiiiiieieenenen 17
342  LanYu SYSIeIM...c.iuuiiniiiieie e 19
4  Demonstration and Evaluation...............oooiiiiiiiiiiiiiii e 26
5 Discussion and Limitation ............c.oeiuiiniiiiiiii e 30
T B B o) E 10 ) PPN 30
S5.1.1  Design PrinCiples ..o 30
S5.1.2  LanYu SySteml.....en e e 31
5.1.3 Consistency in Image Generation ..............cceeeeuveuiiinneninnininnennnnen. 32
5.2 LAMIEATION . 1.ttt it ettt et e ettt e aaes 33
5.2.1 User Interface Design ........ccoeuiiiiiiiiiiiiiiiiiiiii e 33
5.2.2  Problems with Unknown Characters in Generated Images................. 33
5.2.3 Delivering Multimodal Output ............c.coeuiuviiiiiiiiiiiiiiiinieeaeene, 34
6 CONCIUSIONS. ...ttt e et 36
REEIONCES .. eeeiec 37

Appendices



Appendix 1  Questionnaire



1 Introduction

“One who knows nothing about a foreign language knows nothing about oneself,” said
Goethe, clarifying the importance of learning a foreign language (Ratcliffe, 2018). In an era
of increasing international communication, learning one or more foreign languages strength-
ens the development of various personal skills and offers potential advantages for career
prospects and academic achievement (Fox, Corretjer and Webb, 2019). Hence, foreign lan-
guage education has been widely prioritized. According to the statistics on foreign language
learning reported by Eurostat, in 2021, more than half of EU students (60.6%) in lower
secondary education were learning two or more foreign languages, with Finland leading at
98.4%, the highest percentage among all EU Member States (Eurostat, 2023). In upper sec-
ondary education, approximately half of EU students (49.5%) studied at least two kinds of
foreign languages, particularly in Romania, where almost the entire student population in up-
per secondary education (98.0%) studied multiple foreign languages, and in Finland (87.5%)
and Luxembourg (82.9%) where the proportion exceeds 80% (Eurostat, 2023). This trend
also extends to higher education institutions, as numerous universities offer language courses
covering various foreign languages, particularly Chinese courses, which have gained popu-
larity due to the rapid development of China (H. Zheng and L. Zheng, 2020; G. X. Zhang
and L. M. Li, 2010).

The traditional pattern of foreign language education mainly centers around the teacher, with
the classroom serving as the primary learning environment, demands students attend classes
regularly and mostly learn in the classroom (Collins and Mufoz, 2016). It usually lasts
several weeks or months and requires strict adherence to pre-determined lesson plans and
curricula. However, this approach tends to be overly rigid, overemphasizing the memoriza-
tion of grammatical structures and vocabulary (Renau and Maria, 2016). In the long run,
such a stereotyped teaching model will diminish students’ motivation and interest in foreign
language acquisition and limit their creative ability. Preparing learning materials is another
challenge in traditional foreign language teaching. On the one hand, teachers must exhaust
a great deal of time and effort into searching and organizing appropriate textual and visual
learning resources to enrich learning content, placing a considerable burden on them. On the
other hand, students’ textbooks and learning resources are often outdated and overly stan-
dardized in content, deviating from real-life contexts, making it difficult for students to apply
acquired knowledge in their daily interactions and potentially discouraging their motivation
to learn (G. X. Zhang and L. M. Li, 2010).

Nowadays, incorporating advanced technology to assist foreign language teaching has be-

come a modern trend. Golonka et al. (2014) conducted a comprehensive review of early



technological applications in foreign language education, illustrating the positive impact that
technology can have on language learning and teaching. Building upon this, Shadiev and
Yang (2020) compared the applications of early and modern technologies in foreign lan-
guage education. Covering relevant literature between 2014 and 2019, they provided a more
extensive analysis of twenty-three distinct technologies used in foreign language learning,
further proving that emerging technologies not only effectively provide foreign language

learning support but also increase the motivation and interest of learners.

With the advent of ChatGPT in 2022, generative artificial intelligence (GAI) has sparked a
revolution that profoundly impacts every aspect of life (OpenAl, 2022). This is a new type of
artificial intelligence (AI) that not only has the ability to understand user input and respond,
but can also adapt to personal preferences to provide personalized answers in diverse forms,
such as text, images, video, etc. (Touvron et al., 2023; Nichol et al., 2021; Saharia et al.,
2022; Ho et al., 2022). Among the most representative of these, ChatGPT, a conversational
large language model (LLM), has abilities to produce human-like text based on context,
which has a broad application foreground in healthcare, business and finance, law, education,
and scientific research (Ray, 2023). Through a series of iterative updates and improvements
by OpenAl, ChatGPT has evolved from the GPT-2 and GPT-3 models and is now the latest
GPT-4 model (Radford et al., 2019; Brown et al., 2020). This advanced model outperforms
most previous LLMs in understanding a wide range of languages and exhibiting human-like
capabilities in a variety of academic and professional exams (Achiam et al., 2023). Another
notable advancement is the DALLE-E 3, a text-to-image (T2I) generation model developed
by OpenAl, which allows users to produce vivid images solely from textual descriptions,

outperforming other models in various assessments (Betker et al., 2023).

GAI has demonstrated its exciting potential, and its practical applications are being widely
explored. However, despite these advances, the practical application of GAI to specific sce-
narios, particularly in foreign language learning, still lacks clear design principles. Given
the current situation, this paper proposes a research question (RQ) to investigate the po-
tential design principles for more effective incorporation of GAI to assist foreign language

learning:

RQ: What design principle should be followed when leveraging GAI in assisting

foreign language learning?

Therefore, this thesis aims to investigate this RQ and explore appropriate design principles
by adapting the design science research (DSR) approach (Hevner et al., 2004; Peffers et al.,
2007; Moller, Guggenberger and Otto, 2020). The chapters are organized as follows: Chap-

ter 2 reviews the application of GAI in foreign language learning and discusses related tech-



niques for optimizing GAl-generated content. In Chapter 3, the paper outlines the process of
deriving the design principles based on the DSR methodology. Through user interviews and
a literature review, this study has successfully identified essential design requirements (DRs)
and derived three innovative design principles. These principles are further used to guide
the development of LanYu (}#15). This prototype system utilizes samples collected from
the textbook to fine-tune the LLM and couple it with the T2I generation model, allowing
the system to generate professional and closely aligned real-world contextual conversations
based on words or phrases the user enters. In addition, by integrating textual and visual il-
lustrations, the system provides users with an immersive learning experience that promotes
user engagement and effectively assists them in grasping and gaining a deeper understand-
ing and impressions of vocabulary in real-world contexts. Chapter 4 presents the results
and user feedback from a user study. The results validate that adhering to the developed
design principles in guiding the development of GAI for foreign language learning applica-
tions not only provides professional and attractive learning resources to bolster their learning
but also enriches the user experience. Finally, the paper summarizes the research’s primary
contributions, highlights existing limitations of this research, and suggests opportunities for

improvement as well as directions for future exploration.



2 Related Work

2.1 GAI for Foreign Language Learning

GAI has demonstrated its potential to support students in learning foreign languages through
its advanced semantic understanding and capacity to interact with users and continuously
provide personalized and real-time responses. With the support of GAI, students can gain
valuable learning resources, improve their writing skills, and increase their motivation to
practice when learning a foreign language, such as English (Young and Shishido, 2023;
Kim, Shim and Shim, 2023; C. Song and Y. Song, 2023). Moreover, the application of GAI
to foreign language learning is not limited to English; it has also been shown to be effective
in supporting the learning of other foreign languages, such as German, Spanish, Maltese,
and so on (Athanassopoulos et al., 2023; Tarp and Nomdedeu-Rull, 2024; Zammit, 2023).

Additionally, there is a growing interest in learning Chinese due to China’s rapid develop-
ment. According to a report by the Chinese Ministry of Education, over 30 million indi-
viduals studied Chinese outside of China until 2023, bringing the total number of Chinese
learners and users close to nearly 200 million (Ministry of Education of the People’s Re-
public of China, 2023). However, learning Chinese presents plenty of challenges, such as
pronunciation, grammar, Chinese characters, and various other difficulties. As a result, there
has been an increased interest in applying GAI to support Chinese language learning. Re-
cently, a study introduced ChatGPT into the classroom as an instructional tool for Chinese
language teaching and learning, providing personalized support for students with varying
language proficiency based on different curriculum objectives (J. Li et al., 2023). This study
highlighted the ability of ChatGPT to effectively cater to the needs of students at levels of
language proficiency and to support a range of teaching and learning activities. While an in-
creasing number of studies are exploring GAI as an effective tool to assist foreign language

learning, it is essential to note that GAI is still in the initial stage of development.

Therefore, clear and specific design principles are urgently needed to guide developers and
designers to effectively incorporate GAI to develop applications to assist foreign language
learning. At present, there are only a limited number of general design principles for GAI
applications (Weisz et al., 2024). However, these principles have not yet been refined and
explicitly targeted to address the need to integrate GAI into foreign language learning. There-
fore, this study aims to explore the design principles of GAI applicable to foreign language

learning, thus expecting to fill the research gap in this area.
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2.2 Prompt Engineering

LLMs generate responses based on contextual input, but various factors such as prompt
structure, length, and content affect the quality of their output (Lu et al., 2022; Kaddour
et al., 2023). Prompt engineering represents an effective approach of carefully designing
and refining the prompts that are entered to ensure that LLMs better understand the needs
of users and generate a response or content that more closely matches those needs (Chen
et al., 2023). Effective strategies in prompt engineering include delivering clear instructions,
setting specific roles suitable for the task, using special symbols, and continuously trying
and adjusting the prompts (Chen et al., 2023). In practice, using prompt engineering tech-
niques to provide foreign language learning resources could not only ensure the quality of

the generated learning content but also reduce the burden on the instructor (Lee et al., 2023).

The chain-of-thought (CoT) approach markedly improves the performance of the LLMs on
complex reasoning tasks and also ensures that the reasoning process is clear and understand-
able to the user by imitating the human reasoning process (Z. Zhang et al., 2023). The CoT
approach is mainly divided into zero-shot CoT, which guides the model through step-by-step
reasoning using phrases such as “Let’s think step by step,”, and few-shot CoT, which better
meets the user needs by adjusting the response based on provided specific example. Al-
though LLMs are quite knowledgeable, they still may give unreliable or biased answers due
to their limitations in understanding the complex laws of the natural world and their inability
to recognize unanswerable questions (Nazir and Z. Wang, 2023; Yin et al., 2023). Introduc-
ing external expertise and combining it with the CoT approach will significantly improve
the reasoning capabilities of LLMs, thereby increasing the accuracy and reliability of the
responses they generate (J. Wang et al., 2023). Therefore, this research fine-tunes the LLM
by combining dialogues from a textbook few-shot CoT approach to enable students to learn

foreign languages more effectively and engagingly.

2.3 Consistency in Image Generation

By simply describing ideas in natural language and combining T2I generation models such
as stable diffusion and DALL-E 3, users can easily produce and obtain vivid, high-quality
images that dramatically unleash creativity and imagination (Betker et al., 2023; Rombach et
al., 2022). In practice, however, users often expect to receive a series of images at once, rather
than just a single image, that are all consistent in style and characteristics to ensure a coherent
experience, which remains a significant challenge for T2I generation models (Avrahami et
al., 2023).

Current research utilizes a variety of methods to ensure consistency in image generation.
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For instance, providing sample images beforehand or fine-tuning the parameters in T2I gen-
eration models are proven techniques for guaranteeing the coherence of generated images
(Ruiz et al., 2022; Han et al., 2023). In a recent study, consistent characters can be gen-
erated from text descriptions without providing any target images (Avrahami et al., 2023).
All of these methods provide effective, fine-grained control over the image generation pro-
cess, ensuring that the generated images are consistent in style and characteristics. However,
the drawbacks of these approaches are their heavy reliance on computational resources and

potentially a long wait for image generation.

Another approach is to use carefully crafted prompts. By describing in detail the style, color,
scene, character style, and emotional tone of the image, as well as information such as seed,
consistency in the generated images can also be ensured (JoshGreat, 2023). Additionally,
guiding the layout of an image through prompts is a simple but effective strategy for main-
taining consistency in image style and content (Heidrich and Schreiber, 2023; Mao, 2023).
By first describing the overall image style and character image in the input prompt and then
further describing each layout in detail, it can also effectively maintain the same visual style
and characteristics for the generated image in each layout, thus providing users with a consis-
tent visual experience. While the text prompts are more convenient for guaranteeing image
consistency, it is necessary to note that the user first needs to input appropriate prompts. In
other words, without relevant technical background knowledge, the user is required to invest

time in learning how to design appropriate prompts in order to ensure image consistency.

Therefore, this study proposes an innovative automated image generation approach that al-
lows users to efficiently obtain consistent images in both style and characters that match
textual descriptions without requiring background knowledge. Users can achieve this solely
through natural language to create clear, attractive, and easy-to-understand visual content that
deepens understanding and memorization of characters and phrases, thus assisting students

in learning foreign languages better without requiring massive computational resources.
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3 Methodology

This section presents in detail how the DSR methodology is implemented step by step to ex-
tract DRs, starting from the literature review and user interviews. Then, the design principles
are further derived, and the principles are instantiated in a prototype system to answer the

RQ mentioned in the introduction.

3.1 Research Approach

Design principles are abstract forms of prescriptive knowledge that support designers and
researchers in making decisions during the design process and provide professional guidance
in developing artifacts (Gregor, Chandra Kruse and Seidel, 2020; Chandra Kruse, Purao and
Seidel, 2022). It can be categorized into three main types: design principles related to user
activity, design principles related to an artifact itself, and design principles combining the
characteristics of user activities and the artifact (Gregor, Chandra Kruse and Seidel, 2020).
The first type explains how a user uses the artifact, while the second type defines an artifact’s
essential characteristics, such as its shape, structure, and functions. The third type combines
the first two elements by specifying what users are expected to do with the artifact and its

features.

In order to derive the design principles, the DSR approach is widely utilized to formulate
appropriate design principles to address the challenges and requirements of users. Hevner et
al. (2004) initially proposed the DSR approach contained two main components: design and
evaluation. This approach aims to integrate and apply existing knowledge to devise innova-
tive solutions to current problems while facilitating the creation of new design knowledge

with potential broader impact.

Furthermore, Peffers et al. (2007) introduced an innovative DSR process consisting of a six-
stage methodology to guide design science research. This approach begins with problem
identification, followed by establishing research objectives, formulating specific require-
ments based on these objectives, directing the design and development phases, and demon-
strating the problem-solving capabilities of artifacts through experiments, simulations, case
studies, etc. In addition, the artifacts are evaluated by comparing their actual performance
with the relevant techniques, including functional comparisons, performance metrics, and
user feedback, among other forms, to decide whether to improve the effectiveness through
iterative processes continuously or to defer improvements to future projects. Finally, re-
searchers communicate the importance of the problem, the utility and innovation of the arti-
facts, and the significance of the design to the relevant academic and practice areas through

scholarly publications and professional communication channels.
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Recently, Moller, Guggenberger and Otto (2020) categorized design principles into two
groups: one that is supportive in justifying future design decisions and another that is re-
flective artifacts have been developed, leading to further refinement and elaboration of the
DSR methodology. They suggest that researchers use a combination of theory, literature
review, interviews, or other relevant data sources to infer meta-requirements. In addition,
they advocate using mapping diagrams to intuitively understand the connections and internal

logical relationships between design principles and meta-requirements.

Given the exciting opportunities presented by GAI applications in foreign language learning
and the lack of clear design principles to guide them, this research adapts the DSR method-
ology to propose a DSR process consisting of six stages, as illustrated in Fig. 1. Specifically,
the following sections identify the current challenges in language learning and the use of
GAI as a learning tool (Section 3.2) through the literature review. Based on these challenges,
expert and user interviews are conducted (Section 3.3) to acquire more concrete DRs and
formulate design principles (Section 3.4). Furthermore, these principles are instantiated and
applied to a novel system, LanYu (J#1Z) in Section 3.4. LanYu is an innovative system
that leverages GAI to assist foreign language learning, specifically for Chinese, which can
generate dialogues in real-world contexts combined with illustrations for contextual under-
standing, enabling users to comprehend the context of dialogues in real-world scenarios intu-
itively. Finally, in Chapter 4, experts and users are re-invited to evaluate the system through
the technology acceptance model (TAM) (Davis, 1989; Pal and Vanijja, 2020; Ibrahim et al.,
2017).

Identify Problems Design &

Define Objectives

Demonstration

Evaluation

Communication

& Motivations of a Solution Development
Identifying and Obtaining Deriving design Instantiating Evaluating the Discussion of
Justifying design principles and LanYu system LanYu system contribution
Problems in requirements of design the interface based based on and limitation
foreign incorporating LanYu system on the design perceived
language GAl in assisting principles usability, ease
education and foreign of use, and
GAl in assisted language intent to use
learning learning through user
applications through user interviews

interview

Figure 1. The overview of research approach based on Hevner et al. (2004), Peffers et al.

(2007), and Moller, Guggenberger and Otto (2020).
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3.2 Identification of Problems and Motivations

Based on the DSR approach, this section discusses the issues and research motivations faced
in foreign language education (FE), especially Chinese and GAI in assisted learning appli-
cations (GA), as shown in Table 1. The LE highlights the challenges currently present in
educational models and the specific difficulties encountered in learning Chinese, while the
GA reveals the current limitations of GAI in assisting foreign language learning. Analyz-
ing these two facets can provide an in-depth understanding of the existing issues and further

explore practical solutions.

The limitations of the traditional foreign language education pattern have been discussed in
the previous introduction and related work sections, emphasizing that current teaching meth-
ods are rigid and reduce student motivation (Renau and Maria, 2016) (FE1). These findings
demonstrate the urgent need to integrate innovative educational tools and techniques to spark
their enthusiasm for learning foreign languages. Additionally, there is a growing interest in
learning foreign languages, especially Chinese (Ministry of Education of the People’s Re-
public of China, 2023). However, teachers also face the challenge of accessing learning
resources appropriate for students at different learning stages, which requires extensive time
and effort in organizing and adjusting these teaching materials to meet the specific needs of
students (G. X. Zhang and L. M. Li, 2010; Yue, 2017) (FE2). Consequently, it is essential
to explore methods or technologies for delivering more abundant and appropriate learning

materials to reduce the burden on teachers and enable students to learn more effectively.

The complexity of foreign language learning lies in the diversity of structures and expres-
sions in the language itself, especially in Chinese. The complex grammatical structure of
Chinese, its varied pronunciation and tones, and the intricate composition of characters pose
multiple challenges for learners (Hu, 2010). Non-native language learners, in particular, al-
ways struggle when learning Chinese characters due to the large number of characters and
multiple variations in both the writing and pronunciation of each character (M. Li, 2020).
Learners are required to spend a huge amount of time and effort to understand the meanings
of Chinese characters and phrases and remember the correct writing order and pronunciation
rules, resulting in frustration and discouragement. Therefore, finding an efficient method
to assist learners in understanding and memorizing these characters and phrases is crucial

instead of relying solely on rote repetition (Gong, X. Gao and Lyu, 2020) (FE3).

Incorporating GAI into the learning process opens up new opportunities for educators and
also brings challenges and issues. Several studies raised concerns about the validity and re-
liability of GAI-generated responses, which can be incorrect or biased (Javaid et al., 2023;

Yu and Guo, 2023) (GA1). Furthermore, students may unconsciously absorb and apply such
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biased and incorrect information, mistakenly forming incorrect concepts and bringing nega-
tive consequences. Thus, ensuring the accuracy and professionalism of generated content is
crucial. In addition, differences in the prompts entered into the integrated GAI system may
also lead to considerably different quality of the output content, affecting learning outcomes
(Chen et al., 2023) (GA2). Therefore, applications integrated with GAI are expected to al-
low users to immediately and effortlessly obtain high-quality responses that meet their needs

without constructing complex prompts or possessing technical knowledge.

Table 1. Idenified issues from application in language education and GAI in assisted learning
applications

No. Language Education (LE) & GAI in Assisted Learning Applications (GA)

FE1 Current teaching methods are rigid and reduce student motivation (Renau and Marfa,
2016)

FE2 Lacking appropriate learning resources (Yue, 2017)

FE3 The complexity of the Chinese makes it hard to master (Gong, X. Gao and Lyu, 2020)

GAl Generated responses may be inaccurate or biased (Yu and Guo, 2023; Javaid et al., 2023)

GA2 The quality of prompts directly impacts generated content (Gong, X. Gao and Lyu, 2020)

3.3 Objectives of a Solution

To further obtain user DRs (Table 3) and derive the design principles suitable for applying
GALI to foreign language learning, a series of face-to-face interviews were conducted. The
participants include two lecturers responsible for teaching Chinese courses (L/, L2) and three
students currently enrolled in these courses (S1, S2, $3), serving as potential users for the
interviews. Lecturers are selected based on the following criteria: they are currently engaged
in teaching Chinese courses and have rich experience in this field; the students are chosen

based on their current enrollment in Chinese courses and previous learning experience.

Each interview lasts about 30-40 minutes, aiming to better understand the requirements of
participants and experiences. Before the interviews commence, participants are given a thor-
ough overview of the purpose of this interview and the process to guide them through the
session. The interviews primarily revolved around three themes: Previous experience, in-
quiring about the teaching or learning background of the participants; Current challenges,
discussing the difficulties encountered in learning Chinese, such as the difficulty of the Chi-
nese characters, the quality and accessibility of learning resources, and motivation to learn;
Opinions on GAI, seeking perspectives on the potential use of GAI to address existing issues

in teaching and learning Chinese. The interviewee’s information is shown in the Table 2.

Previous learning or teaching experience: The interview began by discussing their previ-

ous experiences teaching or learning Chinese, focusing on their motivation and interest. Pre-
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Table 2. Interviewee information for obtaining user design principles

ID Gender Age Learning & Professional Experience Response for & En-
rolled Course

L1 Female 38  University lecturer responsible for teaching Chinese for al- Basic Chinese & In-
most 10 years termediate Chinese

L2 Female 33 University lecturer with more than one year of experience Basic Chinese & In-
in teaching Chinese and previously assisted in teaching Chi- termediate Chinese
nese

S1  Female 22  Student studied Chinese for at least three years, including Basic Chinese & In-

elementary school, across eight languages termediate Chinese
S2 Male 25 Student studied Chinese for three years, across two lan- Basic Chinese & In-
guages termediate Chinese

S3  Female 20 Student studied Chinese at least three years, including high  Basic Chinese & In-
school, across four languages termediate Chinese

vious research highlighted findings from a literature review that suggested a gradual decline
in student motivation (LE1) while noting an increased interest in learning Chinese, which all
interviewees recognized. Furthermore, Lecturers E1, E2, and Student S2 suggested that the
content in the textbook should be made more appealing, including using rich visual elements
such as images and videos, as well as a variety of cases, to increase the motivation of students
(DR1). Lecturer E2 also mentioned that it was difficult to find high-quality online resources
that were closely aligned with the course content. Lecturer £/ indicated that searching from
the internet for appropriate learning materials was often time-consuming and inefficient, and
thus wondered if a more effective way of accessing resources to support Chinese learning
could be developed (DR2).

“...1 feel that the textbooks are not intriguing enough and do not provide sufficient resources

for students to learn Chinese.” - E1

“...I am facing challenges in searching for resources on the internet; it is inefficient and

time-consuming to get to the one [ want” - E1 & E2

Challenges of Chinese learning: In discussing the challenges in learning Chinese, Lecturer
E1 mentioned that students had difficulties in understanding and using phrases in real-life
contexts, highlighting that the need to acquire additional resources that combined visual el-
ements, such as comic strips with text, would help students understand and memorize these
phrases (DR3). Lecturer E/ also suggested that providing short dialogues based on spe-
cific contexts as examples could guide students in using these phrases in real-life situations
(DR4). Students S1, S2, and S3 expressed similar views and a desire to develop a tool that
would allow them to type specific phrases or grammar points that would immediately gener-
ate images containing detailed explanations and example sentences. Lecturer E£2 also pointed

out a significant difficulty in learning Chinese: polysemy. She explained that a single Chi-
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nese character or word might convey various meanings depending on its context, and this
characteristic brings additional challenges to learning Chinese. For example, the Chinese
character “& ” can be interpreted as “being able to” in one scenario and “being likely to” in

another.

“It is helpful to let students understand the meaning of words and know how to use these

phases by providing examples in both visual and textual in real-world contexts” - E1 & E2

Attitudes and Expectations of GAI: All interviewees expressed a positive willingness to
try out GAI. Students S/, S3, and Lecturer E/ mentioned that the current GAI might pro-
duce some unexpected content and that developing a system or platform specifically for
foreign language learning could be beneficial for both teachers and students (DRS). How-
ever, Lecturer L/ and L2 expressed concern about the possible inappropriate expression of
GAl-generated content and emphasized the need for ensuring that the content generated by
GAI is accurate, professional, and reliable (DR6). Similarly, Student S7 expressed a worry

about the possibility of including inappropriate meanings in GAI-generated output.

“...The results it generates are sometimes incorrect or negative, leading to student frustra-
tion. If there is a way to make the generated results more professional, then I think it would

be more efficient and would not frustrate the student.” - L2

Table 3. Extract design requirements from user interviews and literature review

No. Design Requirements

DR1 Incorporating images, video, and other multimedia into learning materials to increase the in-
terest and interactivity of a course, thereby motivating students to learn

DR2 Allowing teachers more efficient access to instructional resources also ensures that students
have access to high-quality materials that are closely aligned with course objectives and content

DR3 Combining visual elements, such as cartoons and text, to support students’ comprehension and
memorization of Chinese characters and phrases

DR4 Provide short, contextualized dialogues as examples to guide students in using Chinese char-
acters and phrases in a real-world context.

DRS5 Development of customized GAI tools specific to foreign language learning

DR6 When using GAI for educational purposes, the generated content must be accurate, profes-

sional, and reliable in order to avoid conveying inappropriate or incorrect information.

3.4 Design and Development

3.4.1 Derivation Design Principles

In the previous chapters, a literature review has successfully identified the main issues and
challenges currently faced in language education using GAI to assist learning and clarified

the research motivation. In addition, specific design principles have been collected through
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user interviews that demonstrate the basic expectations of actual users when using GAI for
foreign language learning. This section derives a set of design principles from these issues
and requirements. These principles not only serve as guidelines for developing future GAI
applications but also aim to ensure that the applications developed are more effective in
assisting foreign language learners in actively achieving their learning goals. The specific
design principles are presented below.

User feedback has emphasized the desire for learning materials in diverse formats such as
images, text, and video (DR1). Moreover, incorporating visual elements with contextualized
dialogues to present language use in vivid, real-world scenarios (DR3, DR4) can not only
facilitate users to comprehend the nuances of phrases in diverse contexts, but also deepen
their impression of language use across different situations, significantly increasing their

motivation and engagement in learning (FE1, FE2). Therefore, this research proposes:

DP1: Principle of Content: When designing and developing foreign language
assistance applications incorporating GAI, developers should fully leverage the
capabilities of GAI to create diverse, real-world context examples and content.
The generated content should be closely aligned with the actual needs of users,

helping them understand meanings and enhancing learning motivation.

The literature review (AF1) shows that the results produced by the current GAI are not al-
ways reliable. User feedback suggests that they are concerned about the professionalism
and accuracy of the current GAI results. They also expect the GAI to be trained through
highly relevant, professional, and reliable resources to produce professional learning mate-
rials to help students cope with language learning difficulties and challenges. (GA1, FE3,
and DR6). The following design principles are therefore proposed:

DP2: Principle of Trustworthy: When designing and developing foreign lan-
guage learning applications that incorporate, the GAI should be trained with
professional and reliable resources to generate professional, high-quality, and
accurate responses, thereby ensuring that the application is effective and trust-

worthy.

When interacting with GAI, the user is required to have a certain level of technical knowl-
edge to obtain high-quality responses, and users may sometimes need to perform multiple
interactions to achieve the desired information (GA2). Therefore, it is essential to develop
customized GAI tools for foreign language learning that provide high-quality, highly rele-
vant instructional materials based on specific learning goals and course content (DRS, DR2).

Design principles for collaborating with GAI are therefore proposed:
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DP3: Principle of Collaboration: When designing and developing foreign lan-
guage learning applications incorporating GAI, optimizing the user interaction
experience and increasing learning efficiency are vital considerations. The in-
terface should be clean and straightforward, with clearly labeled features and
a consistent layout to ensure that non-technical users can easily and efficiently

access high-quality learning resources through simple input.

3.4.2 LanYu System

Based on the summarized design principles (summarized in Table 4), the LanYu system
(X&iE

incorporating GAI to provide a more professional, richer, and engaging Chinese learning

) has been designed and developed as an innovative assistive Chinese learning tool

experience. The LanYu system consists of a contextual understanding module, and a con-
textual illustration module. And the generated contents are presented in a user interface that
guarantees access to high-quality Chinese learning resources and promotes an engaging and
immersive learning experience (depicted in Fig. 2).

LanYe Contextual Understanding

Example 1:

Enter Words or Phrases:
R4F

KT
<l

NBARYE, 1h%aﬁqgﬁ‘%}§ug;gi&£§ ?&Eﬁ§lf’ﬁ)\£¢ ”{il; RV, HX A f'?!l; J)Z;zﬁﬂ'l%i ZNLARSE, fEE4§E%1'J’\1I‘]>&
Xiaoming:| H| I' E:;?{y%):?r\‘ag can | come in Laboratory s‘:va‘ﬁf T‘leymuaargi\r/‘ery welcome, | X\asnmggﬁne‘!gagwg:‘sgmy Li Xlaohung Hellu | am glad to visit O

Example 2:
AN, BELGMIGA AN, BT INTAE—F ANERSFEY, R,

Red:Hi, can I'help you with somethi x.aormhg Hello, where is your cafe? Little Red:On the first floor. Ming:Okay, thank you.

Generate

Figure 2. User interface for the LanYu system.

The contextual understanding module processes the Chinese text or phrase entered by the
user and generates contextual dialogues based on it. It fine-tunes the LLM using well-
designed templates to generate two sets of clear, professional, and accurate contextual di-
alogues in different real-life scenarios. Each set of dialogues consists of four sentences with
corresponding English translations to facilitate a complete understanding of the meaning of
the dialogues. The contextual illustration module employs a T2I model to create images

corresponding to the contextual dialogue, showing characters with a consistent style. Thus,
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Table 4. Design Principles for leverage GAI in assisting foreign language learning

No.  Title Design Principles

DP1  Principle of Content Leverage GAI capabilities to create diverse, contextually rich ex-
amples aligned with user needs, enhancing understanding and mo-
tivation.

DP2  Principle of Trustworthy Employ professional, reliable resources for training GAI, ensuring
high-quality, accurate responses and trustworthiness of the appli-
cation.

DP3  Principle of Collaboration Design for optimal user interaction with a clean, straightforward

interface for easy access to high-quality resources, enhancing
learning efficiency.

integrating textual and visual elements helps the user vividly understand the meaning of Chi-
nese characters and phases and their practical applications within real-life contexts. The
workflow is presented in Fig. 3.

Contextual Understanding Module Contextual lllustration Module

Prompt Template Dialogue Dialogue
Fine-tune

GPT-4 Model

Fine-tune A

Scene Description

" ,:}m%

GPT-4 Model Prompt Template

g i)

Figure 3. The workflow of LanYu system.

a) User Interface

Following the design principle DP3, the user interface of the LanYu system has been de-
signed to be very clear and simple to ensure that users can focus on using the generated
foreign language learning materials. On the left side of the user interface, there is an in-
put box where the user can enter single or multiple Chinese characters or phrases he or she

wishes to learn or understand, such as “fR4F ” or “fR4F, 3" instead of any prompts.

When the user finishes typing, he or she clicks the button below the input box, and the system
transfers the input to the contextual understanding module and the contextual illustration
module. These two modules transform the input into two contextual dialogues to assist
the user in capturing the meaning of the input content of the input content in the specific
context and generate corresponding visual illustrations so that the user can intuitively and
clearly understand its application in the specific context. Not only does this allow the user

to understand real-life language usage scenarios through contextual dialogues and visually
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grasp the use of words and phrases in real-life contexts through accompanying images, but
it also allows the user to fully concentrate on mastering and understanding language content

without distraction during the learning process.

b) Contextual Understanding Module

The primary function of this module is to process Chinese characters or phrases entered
by the user and convert them into dialogues of realistic contexts, thereby assisting the user
in comprehending the meanings of these characters or phrases within real-world contexts.
Fig. 4 illustrates the internal procedure, while Fig. 5 displays the exact code to generate

contextual dialogues asynchronously.

Contextual Understanding Module

Prompt Template Dialogue
Task description: Suppose you are an intelligent robot - R
teaching Chinese. 1'm going to... Ily, TR 4
2
Reasoning process: Identify the meaning of each word and
then create a real-world conversation in Chinese that matches b
the meaning of the words. 7% o ‘
. PREF, 1 ERATT I
Domain knowledge: Common parts of speech... BT ZER L2
Common Chinese sentence patterns... a
Concrete examples: i
Input: fizilt, W%, W% -
Phase Meaning: #:li: recently, lately; i %:capital of ER
Shaanxi Province; I {%: time, moment .e
Output: MI: kB 5 ) Ll 72 7% -
AN EPEET L, R,
ANE RS A IR 250G 22 1 2
AN RRT AN25 KR X

Figure 4. The internal operating process contextual understanding module.

The system utilizes a meticulously designed prompt template to fine-tune the LLM according
to the design principle DP2, ensuring that the generated responses are professional and well-
structured. This template guides the model in understanding and generating contextualized
dialogues based on given inputs while guaranteeing that the outputs meet the requirements
as supplemental instructional resources. The template is organized into four main sections:

task description, reasoning process, domain knowledge, and concrete examples.

Initially, the template directs the model to concentrate on Chinese language generation by
specifying the role of the LLM and clarifying its task - specifically, to generate a four-
sentence question-and-answer dialogue that aligns with a realistic scenario based on the in-
put content. Subsequently, to improve the model’s reasoning capability, the template offers
guidance based on CoT to support its reasoning process. This reasoning process involves

first enabling the model to comprehend the lexical meanings of each Chinese character or
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phrase and then constructing real-world dialogues based on these meanings. Furthermore,
to ensure the grammatical accuracy of the generated sentences, the templates also contain
information regarding frequently used syntax and lexical properties, which assists the model

in constructing contextual dialog more accurately.

# Contextual understanding module to generate text based on the input values
async def async_function_segment_text(input_valuel, input_value2):
# Asynchronously creates a session for making HTTP requests
async with aiohttp.ClientSession() as session:
# The first contextual dialogue
responsel = await session.post(
url: 'https://api.openai.com/vl/chat/completions', # URL for the OpenAI API endpoint
headers={'Authorization': f'Bearer {api_key2}'}, # The API key
json={"model": "gpt-4", # Use GPT-4 model to generate contextual dialogue
"messages": [
{"role": "system", "content": prompt_seg}, # Prompt template
{"role": "user", "content": input_valuel}, # User Input
1}
)

datal = await responsel.json()

# The second contextual dialogue

response2 = await session.post(
url: 'https://api.openai.com/vl/chat/completions’,
headers={'Authorization': f'Bearer {api_key2}'},
json={"model": "gpt-4",

"messages": [
{"role": "system", "content": prompt_seg},
{"role": "user", "content": input_value2},
1t
)

data2 = await response2.json()

# Returns the contextual dialogue from GPT-4 model
return datall'choices'][0]['message']['content'], data2['choices'][0]['message']['content']

Figure 5. The code snippet of asynchronously generated contextual dialogues.

The system is provided with 20 sets of contextual dialogues in a real-world context from the
professional textbook, New Concept Chinese 2 (Yonghua, 2013), with the structure of “Input,
Phrase Meaning, Output” to ensure that generated contents are professional and structured.
These examples allow the LLM to learn and imitate professional language usage and produce
output with the same structure. Finally, the user input, along with this template, is processed
through the GPT-4 model and asynchronously generates the desired two sets of contextual

dialogues in different real-world scenarios.

Through this well-designed template, the LanYu system effectively assists users in master-
ing Chinese in a more easy-to-understand and practical way by providing high-quality edu-

cational content that is contextually relevant to real-life situations, thus improving learning
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efficiency and experience.

c¢) Contextual Illustration Module
The LanYu system has developed the contextual illustration module in Fig. 6 based on the
design principle DP1 to generate the visual representation corresponding to the generated

contextual dialogues.

Contextual lllustration Module
Dialogue

Scene Description Prompt Template iy

Task description: You are a smart text summary assistant.
Your task is...

Dialogue examples:
Xiaoming: What grade is your daughter in?
Xiaohong: ...

Scene description examples:
Summary: Two parents are talking...

Ty,
Pigy
Scene Description
Summary: A conversation occurs where a customer by
inquires... My
Top Left: ... ,
Top Right: ... DALL-E 3 o
Bottom Left: ...
o Bottom Right: ...
Prompt Template ungmm
y
Canvas: Please divide the canvas
I Style: Please generate the image according
Figure 6. Contextual illustration module workflow.
Scene Description Prompt Template Scene Description
Task descripﬁon: You are a smart text summary assistant. Your task is to Summary: A conversation occurs when a customer inquires about the location
summarize a conversation in four sentences and split them into four suitable of a café and receives directions from a staff member.

descriptive sentences with different locations to generate images in English. Top Left: The staff member is  smiling lady holding her right hand fo welcome

customers.
Top Right: A slightly confused customer asks a friendly staff member about the
café’s location in a bustling mall.

Dialogue examples:

Xiaoming: What grade is your daughter in?
Xiaohong: My daughter is just in the first grade now.
Xiaoming: Is her schoolbag heavy? Bottom Left: The staff member, smiling welcomingly face-to-face, tells customers
Xiaohong: Well, for a while, her schoolbag did weigh quite a lot, but now we where the cafe is located.

try not to let her bring too many books home. ® Bottom Right: This is a view of the café from a distance. It shows a cozy and

. inviting space on the mall's first floor, bustling with patrons.
Scene description examples:

Summary: Two parent are talking about their daughter's school grade.
Top Left: A curious man asks a woman about her daughter's school grade in a

friendly neighborhood setting. Prompt Temp|aie

Top Right: A young girl with a bright smile walks to school, carrying a colorful

backpack that seems a bit large. Canvas: Please divide the canvas into four equal-sized regions, each 512*512.
Bottom Left: The same girl at home, her backpack open, showing many books 1 will provide the prompts with the location and corresponding region.

-and school supplies spilling out.

Bottom Right: The girl happily doing her homework at a table, with only a few
essential books, reflecting the effort to lighten her load.

...... Here is the prompt to create the image:

| Style: Please generate the image according to my prompts in a simple sketch
style with a white background.

Figure 7. The prompt template of the contextual illustration module.

This module again requires fine-tuning of the LLM to accurately capture and summarize the
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contextual dialogues, transforming them into concrete scene descriptions with few exam-
ples. For instance, a dialogue such as “Xiaoming: What grade is your daughter in?” would
transformed by the GPT-4 model into a scene description like “A curious man is asking a
woman about her daughter’s school grade in a friendly neighborhood setting.” This detailed
description of the scene and characters allows the T2I generation model to precisely cap-
ture the intended visual context and produce images that closely correspond to contextual
dialogues.
# Asynchronously creates a session for making HTTP requests
async with aiohttp.ClientSession() as session:
# The contextual illustration corresponding first generated contextual dialogue
responsel = await session.post(
url: 'https://api.openai.com/vl/images/generations’,
headers={'Authorization': f'Bearer {api_key3}'}, # The API key

json={"model": "dall-e-3", # DALL-E 3 model
"prompt": prompt_image + input_valuel, # Prompt template and user input

"n": 1, # generate one image
"size": "1024x1024", # the size of image
"response_format": "url"}

)

imagel = await responsel.json()

generated_image_1 = requests.get(imagel["data"][@]["url"]).content

# The contextual illustration corresponding second generated contextual dialogue
response2 = await session.post(
url: 'https://api.openai.com/vl/images/generations’,

headers={'Authorization': f'Bearer {api_key3}'},
json={"model": "dall-e-3",
"prompt": prompt_image + input_value2,

llnll: 1'
"size": "1024x1024",
"response_format": "url"}

)
image2 = await response2.json()
generated_image_2 = requests.get(image2["data"][0]["url"]).content

Figure 8. The code snippet for generating corresponding visual illustrations.

The prompt template (shown in Fig. 7) then constructs a specialized canvas layout for the
DALL-E 3 model to create images corresponding to each contextual dialog. Fig. 8 presents
the implemented code. The canvas is divided into four equal-sized regions, each measuring
512x512 pixels and positioned at “Top Left, Top Right, Bottom Left, Bottom Right.” Each
generated scene description is sequentially allocated to these four regions to ensure visual
content alignment with textual content. Furthermore, to maintain the consistent style and
clarity of each generated image, the prompt further instructed the DALL-E 3 model to pro-

duce images using a simple sketch style with a solid color background.
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Therefore, this module ensures consistency in visual style and character coherence, allow-
ing each illustration to visually reflect the corresponding contextual dialogues. In addition,
a simple sketching style allows learners to concentrate on the content and avoid being dis-
tracted by complex visual elements. By combining contextual dialogues with intuitive and
vivid visual illustrations, the LanYu system offers users professional and engaging learning
materials that facilitate direct observation of vocabulary and expressions applied in real-
world contexts and significantly improve learning efficiency, thereby enabling learners to

acquire knowledge in a productive and enjoyable learning experience.
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4  Demonstration and Evaluation

Upon successfully developing and implementing the LanYu system, the five experts and
students who have previously participated in the interviews are re-invited to evaluate whether
it meets the user’s requirements. The design of the evaluation experiment is according to
the TAM (Davis, 1989; Pal and Vanijja, 2020; Ibrahim et al., 2017), including three key
assessment metrics: perceived usefulness, intention to use, and perceived ease of use. The

evaluation result is displayed in Fig. 9.

Perceived Usefulness

PU1: The system is efficient for learning Chinese. PU1

PU2: The system provides professional and helpful PU2
information for learning Chinese.

PU3: The system improves my motivation to learn Chinese. PU3

Intend to Use

1UT: lintend to use this system to assist in learning 1
Chinese in the future.

1U2: | plan to recommend this system to other students. U2

1U3: I would frequently use this system for my Chinese U3
learning.

Perceived Ease of Use

PEUT: The system is easy fo use. revt D

PEU2: Learning to operate the system to help me learn PEU2
Chinese was easy for me.

PEU3: The experience of interacting with the system is PEU3
easy and enjoyable.

0 1 2 3 4 5

Strongly Agree| | Agree Il Neither agree nor disagree Bl Disagree Strongly Disagree

Figure 9. The results of user evaluation of the LanYu system are based on perceived useful-
ness (PU1-PU3), intention to use (IU1-1U3), and perceived ease of use (PEU1-PEU3).

Participants were initially asked to select Chinese characters or phrases from the New Con-
cept Chinese 2 (Yonghua, 2013) that they were interested in or unfamiliar with and enter
them into the system. The system then displayed the corresponding contextual dialogues
and visual illustrations based on the selections (shown in Fig. 10). Participants were free to

make multiple requests until they decided on the point to end the test.

Participants were invited to evaluate the generated results and their experiences at the end
of the experiment on a five-point Likert scale ranging from 1 to 5, with 1 being strongly
disagree to 5 being strongly agree. The questionnaire (shown in Appendix 1) was designed
through the SurveyMonkey platform (SurveyMonkey, 2024), shared with participants as a
link, and took approximately 12 minutes to complete. Participants were also encouraged
to comment on each system response in the questionnaire. This feedback was utilized to
analyze the practical application of the system, focusing mainly on the usefulness of the
interface design, the user interaction experience, and the quality of generated content. The
insights gathered from this feedback helped to refine the system to better align with the needs

of its users.
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e # R
Xiao Ming: Your birthday is Xiao Hong: To be honest, | really didn't Xiao Ming: How about you do Xiao Hong: Good ideal I've always

d : ! ay:
approaching. Do you have any special think about it. Do you have any good something romantic on this special day? wanted to have a romantic birthday!
plans? suggestions?

NG R IE ZE IR A B L 2 ANEL : FREE L P 5 0 B AN IR N M
G & ffie ;L
Xigo Ming: What position are you Xiao Hong: I'm applying for the position Xiao Ming: Wow, that sounds inferesfing. Xiao Hong: | love reading very much. |
applying for? of librarian. What makes being a librarian ineresting think working in a library can give me
to you? access to a lot of interesting books.

i

Figure 10. Some generated results when the user interacts with the LanYu system.

a) Perceived Usefulness
The general feedback from all participants is that the LanYu system effectively supported

their Chinese learning and provided comprehensive, professional, and practical information.

For the generated content, participants generally agree that the information provided by the
system is professional and valuable in learning Chinese. For instance, E2 pointed out that
the generated contextual dialogue was highly professional and similar to the content in the
textbook. However, the only problem was that the text in the generated images sometimes

confused her. This issue is further explained in the next section.

In particular, combining contextual and visual elements is incredibly beneficial for under-
standing and memorizing Chinese words and their meanings, improving memorization effi-
ciency and increasing the attractiveness of the material. Participant S/ noted that the LanYu
system facilitated her learning process more effectively by integrating real-world scenarios
than traditional textbook learning, enriching the learning experience and turning theoretical
knowledge into practical skills in real-life situations. Similarly, £2 emphasized the effective-
ness of this system in revealing the meaning of new words in diverse contexts, and praised
its skillfully combining images with vocabulary, enabling users to memorize the meaning of
these words more easily. In addition, participant S/ recommended incorporating additional
elements, such as moving conversations to audio and having them spoken by native speakers,

to augment the learning experience, which is discussed in detail in the next section.

Regarding motivation, all participants reported that the system greatly motivated them to
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learn Chinese. S/ highlighted learning through real-life scenario-based dialogues proves
to be more engaging and inspiring compared to the traditional textbook-based learning ap-

proaches.

“I think that motivation is a quality that the student must already have, but the system makes
it easier to learn new vocabulary and sentence structures, which motivates me to keep learn-
ing new things.” - E2

“I think this system is much more engaging than just using books in the classroom. I have

been able to learn through real-life scenarios, and this has greatly boosted my learning.” -
S1

b) Intention to Use

All participants have unanimously expressed their strong willingness to continue using this
system to support their Chinese learning in the future. This novel learning method is be-
lieved to be more exciting and practical, provides a wide variety of learning materials, and
dramatically expands both the horizon and the depth of knowledge. In addition, most of
the participants have expressed their willingness to recommend the system to other learners,
and participator S/ is eager to actively introduce this system to anyone involved in Chinese
teaching or learning. Furthermore, participants widely reported that they would frequently
use the LanYu system to support their Chinese learning, reflecting a high recognition and

acceptance of using this system as a practical educational resource.

“I would like to use this system to assist my learning as I have found it quite useful in giving
me contextual examples of vocabulary, which is something that is often lacking in self-study

materials” - E2

“When a similar system is available, I would definitely recommend it to anyone who is in-

volved in teaching or studying Chinese.” - S1

c¢) Perceived Ease of Use

Most participants enthusiastically praised the high usability and user-friendliness of the
LanYu system. They agreed that the experience of interacting with the system was both
intuitive and enjoyable, and reported that learning how to use the system to help them learn
Chinese was effortless. However, E2 noted that she experienced some confusion when using
the system for the first time because she was unfamiliar with existing similar systems inte-
grated with GAI, indicating that the system may need to provide more guidance and support
for users during the introductory phase. This issue is also discussed in more detail in the next

section.
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“It was very simple and engaging. Let’s put this system into real classrooms as soon as
possible. This kind of new way method based on real-world scenarios makes it much easier

and fun to learn.” - S1
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5 Discussion and Limitation

5.1 Discussion

5.1.1 Design Principles

While GAl is rapidly becoming an essential tool for multidisciplinary applications and offers
a wide range of possibilities, it also reveals the lack of clear and specific design principles
in guiding the design of its practical applications. After review and iterative refinement, a
recent study identified six general design principles applicable to GAI applications, as shown
in Fig. 11 (Weisz et al., 2024).

New interpretations

q ' Design for
0 Design Design for ;
(]
a Responsibly Mental Models Appropn?te i
S & Reliance
£
a
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3
- Design for Design for Design for
Generative Variability Co-Creation Imperfection
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3 Exploration
(@
é Optimizati
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Figure 11. Six general design principles for GAI applications (Weisz et al., 2024).

Instead of exploring general GAI application design principles, this research focuses on de-
riving design principles for GAI applications in foreign language learning. This research
is driven by a modified DSR methodology and aims to identify and define DRs through
a literature review and user interviews with experts and students. Based on these require-
ments, three design principles specific to utilizing GAI to assist foreign language learning
are derived: DPI, the Principle of Content; DP2, the Principle of Trustworthiness; and DP3,
the Principle of Collaboration, which serve as practical, prescriptive design knowledge that

provides clear guidelines for similar applications.

Design Principle DP1 encourages designers and developers to provide richer and more var-
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ied content when designing future applications incorporating GAI to assist foreign language
learning. User feedback suggests that this not only arouses learning interest in a foreign
language but also maximizes the potential of GAI by providing a multi-sensory, immersive
learning experience, thereby effectively integrating it into the learning process. Furthermore,
the design principle DP2 emphasizes the significance of using professional and reliable data
for developers when training the GAIL. The professionalism, reliability, and accuracy of in-
structional materials are of the utmost importance, especially in the field of education. This
principle focuses on addressing user concerns and building trust in GAl-integrated applica-
tions to better serve educational purposes. Thus, students and educators can use these tech-
nologies and applications more confidently and effectively. Based on the design principle
DP3, it is recommended that complex and redundant forms of interaction should be avoided
when designing GAI applications. The user interface and interaction design of applications
should be intuitive and efficient so that users can easily access the high-quality content they

need to fully engage in language learning.

It is worth noting that while the design principles derived in this research serve as a foun-
dation for leveraging GAI to assist foreign language learning, they still lack comprehensive
evaluation and validity from the users. The iterative process is needed to further refine and
perfect these design principles so that we can unlock the potential of GAI to bring users a

more efficient, interactive, and engaging learning experience.

5.1.2 LanYu System

This study has successfully designed and developed the LanYu system, a GAI-based Chinese
language learning assistance system, based on summarized and derived design principles. It
fine-tunes a LLM utilizing training samples collected from professional textbooks to obtain
reliable contextualized dialogues in response to user queries. Furthermore, it also delivers
intuitive and vivid visual displays that support learners in comprehending and memorizing
Chinese characters and phrases through a series of illustrations, effectively raising their in-

terest in learning Chinese.

Initial user evaluations have garnered approval from students and experts, demonstrating that
the LanYu system is an innovative and effective tool for learning Chinese. It provides an ef-
ficient and enjoyable learning experience and complements and extends the current Chinese
learning materials. In addition, the user interface design of the LanYu system has received
high praise from users, especially for its intuitive, straightforward, and user-friendly lay-
out. Integrating this system into the traditional learning process will break its limitations,
resulting in learning more than just rote memorization or mechanical repetition. Therefore,

implementing the LanYu system not only opens up new perspectives for educators and stu-
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dents but also gives them a first-hand experience of the immense potential of GAI. This
experience motivates them to more actively embrace and integrate advanced technologies

into the traditional learning process, which in turn drives a revolution in education patterns.

However, while the LanYu system has exhibited strengths and potential in assisting foreign
language education, participant feedback also points out that there is still room for improve-
ment. For instance, some new users may experience confusion during initial interactions
due to unfamiliarity with the system. In addition, the generated visual illustrations some-
times contain unrecognizable characters. The following section elaborates on these issues in
more detail and identifies possible solutions. Future efforts aim to improve and optimize the
user interface and two modules of the LanYu system to establish it as a robust learning tool
that effectively supports foreign language learning, further broadens the horizon of learners,
deepens the understanding of the learning material for learners, and provides an enriched

learning experience.

5.1.3 Consistency in Image Generation

This research introduces a novel method for image generation in the contextual illustration
module that only utilizes prompts to ensure the consistency of visual style and character fea-
tures of the generated images. The valuable advantage of this approach, which distinguishes
it from other image generation techniques, is that it does not require the pre-training of T2I
generation models or a high demand on computational resources. These advances make it

particularly suitable for resource-limited environments and non-specialist users.

The core of this approach lies in applying the textual comprehension capabilities of the LLM
to the T2I generation process rather than relying on a complex image generation procedure.
This method utilizes the LLM to transform the contextual conversation into scene descrip-
tions. Furthermore, the system directly influences the final rendering of the image through
precise instructions for partitioning the canvas and directing the images generated on each
partition based on the corresponding scene descriptions. This approach ensures that the gen-

erated image series is consistent in style and characteristics.

Owing to its simplicity and low resource consumption, it can easily be applied to create im-
ages across a broader range of application scenarios and user groups. Users can effortlessly
produce high-quality and consistent images by just inputting natural language, significantly

reducing the technical barriers and expanding the potential for creative expression.

Therefore, this prompt-based image generation approach simplifies image generation pro-
cesses, and promises to make image generation technology more popular and easier to use

by providing a low-cost and efficient solution. This is crucial for promoting GAl-based ap-
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plications in various fields, such as creative work and education, particularly for users who
lack time to learn about prompt engineering or cannot afford the expensive cost of comput-
ing resources. However, the generated images sometimes contain unrecognizable text, which
can affect the user experience and the clarity of the content. The coming section discusses

this challenge and its potential solutions in detail.

5.2 Limitation

5.2.1 User Interface Design

While most participants commented on the clarity and easy accessibility of the user interface
and the pleasant experience of interacting with the system, some feedback indicated that
the interface could be confusing when used for the first time. In particular, some users
were confused about what to enter into the input box without clear guidance. Therefore,
future work will focus on optimizing the user interface design, such as dividing the input
box into smaller sections to enable users to input Chinese characters and phrases separately
and displaying examples to guide users. Inspired by the textbook, the user interface will
display contextual dialogues and visual illustrations vertically and mimic the page format
of the book to better align with the reading habits of the user. There will also be more
interaction in the user interface, such as dragging the visual elements and allowing the user

to customize the generated content.

“Initially I didn’t quite understand how to use the system as I am not familiar with any

existing similar systems, but it was quite easy after receiving some instruction.” - E2

5.2.2 Problems with Unknown Characters in Generated Images

One significant issue when using T2I generative models is the potential presence of illegible
characters in the generated visual illustrations, as presented in Fig.12. This can be caused by
the model failing to thoroughly learn the associations between certain words and their visual
representations during training, leading to the incorrect inclusion of these words as visual
elements. Efforts have been made to simplify descriptions and reduce complex concepts in
prompts to minimize the creation of confusing visual elements. However, it is still difficult

to completely avoid this complex problem.

In order to mitigate this issue, image editing software (Adobe, 2024) can automatically seg-
ment text from images, which helps users to edit and remove distracting text elements while
maintaining image quality. In addition, establishing a user feedback mechanism that allows
users to report problems, such as illegible characters in the generated images, is required to

prepare for the further identification and resolution of this problem.
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By implementing these strategies, future applications can more effectively leverage the ca-
pabilities of GAI to provide users with clearer, more understandable images. Moreover, the
future directions will center on reducing the likelihood of misinterpretation and confusion,
improving the quality of generated images, and optimizing the user experience, ultimately

making GAI more functional and widely applicable.

”Sometimes wrong words show up on the picture that it provides, which would make me a

little bit confused. I hope the developers can fix this tiny problem.” - S2

For kise you to

(' Sugoid your funein
learning Chinese?

\._learnng chinese

Figure 12. Unknown characters in generated images.

5.2.3 Delivering Multimodal Output

While interacting with the system, participants expressed the need for a more enriching
learning experience by incorporating additional modes of interaction and forms of output,
such as adding a voice module, which reads out dialogues with the correct tones and rich
emotions. Future research will move in this direction by incorporating GAI to generate mul-
timodal content, including audio and video, to facilitate a more productive and immersive
learning experience. For example, the integration of audio output can help learners more
accurately distinguish differences in pronunciation and intonation. At the same time, video
content can provide more vivid and detailed representations of language use in real-world
contexts. Therefore, by incorporating this multimodal learning approach, the LanYu system
will provide more comprehensive information while simulating real-world communication
scenarios through the visual and auditory senses, deepening memorization, and ultimately

making learning a foreign language learning more engaging and efficient.

"It was pretty easy to use. I learn better when there are pictures, which makes it even easier.

An additional voice option would be even better.” - S1
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”It would be even better if I could also listen to the conversation to hear the native pronun-

ciation.” - S1
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6 Conclusions

The rapid development of GAI has brought about an unprecedented transformation in sev-
eral fields, especially in education, where the application potential of GAI technology is
gradually being explored. The challenges in GAI applications are particularly significant in
foreign language learning. Foreign language learning requires not only the accurate mastery
of grammar and vocabulary, but also the contextual application of the language, and these
complexities increase the difficulty of applying GAI in this field. Currently, there is a lack of
research proposing design principles that can be applied to the GAI to assist foreign language

learning.

Therefore, this study adopts the DSR approach, which initiates problem identification, gath-
ers DPs through literature review and user interview, and finally derives and implements
applicable design principles. These principles are instantiated in the LanYu system, which
utilizes GAI to facilitate vocabulary learning and enrich the foreign language learning ex-
perience by generating contextual dialogues with corresponding illustrations. This approach
highlights, in particular, the ability of GAI to deal with the complexity and diversity of the
language. It also reveals how GAI can be effectively integrated to increase the efficiency
of learning and comprehension and enrich the learning experience. User evaluations of the
system have shown favorable feedback, demonstrating the effectiveness and practicality of

the system and offering robust support for foreign language learning.

Although the LanYu system performed nicely in improving learning efficiency and engage-
ment, there are still shortcomings in the user interface design as well as the GAI-generated
content. Therefore, future research will follow user feedback to further refine the established
design principles and design a more user-friendly user interface. Potential improvements
include improving the content display of the interface to make it more intuitive and easy to
use, and integrating visual design elements to support more effective information delivery

and user manipulation.

There is also a need for further optimization of GAl-generated content. In particular, it is
vital to ensure the accuracy of the grammar and diction of the contextual dialogues it gen-
erates. This improvement is potentially achievable and uses a high-quality and extensive
reliable dataset to fine-tune LLMs. In addition, generated images that convey false or mis-
leading information must be avoided. To effectively address this issue, integrating more
advanced image generation models and user feedback is required to identify and correct po-
tentially inaccurate or misleading information. With continued refinement and improvement,
the practice of leveraging GAI to assist foreign language learning will become an indispens-

able component of future foreign language learning processes.
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Appendix 1  Questionnaire

Thank you for your time and effort in participating in this questionnaire. Your input is
invaluable to us.

This questionnaire aims to gather information to understand how users interact with our
system and how we can improve it, thereby enhancing the system's Perceived
usefulness, Intention to use, and Perceived ease of use. By participating in it, you
consent to voluntary participation in this research.

All responses to the questionnaire are anonymous and will remain confidential.

* 1. What is your Tester ID number

* 2. What is your gender?
O Male
O Female

O  Prefer not to say

* 3. What is your current age?

* 4. The system is efficient for learning Chinese
Strongly disagree

Disagree

Neither agree nor disagree

Agree

Strongly agree

ONONONONG

5. Feel free to explain your answer in short words

* 6. The system provides professional and helpful information for learning Chinese
Strongly disagree

Disagree

Neither agree nor disagree

Agree

Strongly agree

ONONONONG)



7. Feel free to explain your answer in short words

* 8. The system improves my motivation for learning Chinese
Strongly disagree

Disagree

Neither agree nor disagree

Agree

Strongly agree

ONONONONG)

9. Feel free to explain your answer in short words

*10. I intend to use this system in assisting learning Chinese in the future
Strongly disagree

Disagree

Neither agree nor disagree

Agree

Strongly agree

(ONONONONG)

11. Feel free to explain your answer in short words

*12. I plan to recommend this system to other students
Strongly agree

Agree

Neither agree nor disagree

Disagree

Strongly disagree

ONONONONO)

13. Feel free to explain your answer in short words




*14. I would frequently use this system for my Chinese learning
Strongly disagree

Disagree

Neither agree nor disagree

Agree

Strongly agree

ONONONONG)

15. Feel free to explain your answer in short words

* 16. The system is easy to use
Strongly disagree
Disagree

Neither agree nor disagree
Agree

Strongly agree

(ONONONONG)

17. Feel free to explain your answer in short words

* 18. Learning to operate the system to help me learn Chinese was easy for me
Strongly disagree

Disagree

Neither agree nor disagree

Agree

Strongly agree

ONONONONO)

19. Feel free to explain your answer in short words

* 20. The experience of interacting with the system is easy and enjoyable
Strongly agree

Agree

Neither agree nor disagree

Disagree

Strongly disagree

ONONONONG



21. Feel free to explain your answer in short words
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