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Abstract. The rapid development of the web has made it one of the most im-

portant elements of modern daily life. One recent trending approach to imple-

menting the web is using artificial intelligence (AI) technologies. AI tools are 

becoming more and more reliable, and using them to develop the web has become 

a practical and efficient scheme. This article delves into several applications of 

AI in web interaction designs, including chatbots, web accessibility, and genera-

tive search engines. Web accessibility is a rather broad topic, and thus this article 

shall concentrate on three typical techniques, including text-to-speech (TTS), au-

tomatic speech recognition (ASR), and automatic image caption. Chatbots repre-

sent a noticeable application of AI technologies; chatbots can facilitate interac-

tions between AI and human users across web platforms. Web accessibility tech-

nologies empowered by AI algorithms provide different approaches for disabled 

users to access websites and thereby enable their access to web content. Genera-

tive search engines take advantage of AI to improve search results. Despite these 

advancements, challenges persist in the implementation of AI-driven web inter-

action designs. Several issues about each of the three technologies are empha-

sized in this article. Addressing these challenges requires much effort. Possible 

future directions for addressing these challenges are suggested in this article. By 

exploring these dimensions and charting future directions, this study aims to pro-

vide a basic understanding of AI's role in shaping the digital landscape and po-

tential approaches to future enhancements. 
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In the 1950s, the notion of artificial intelligence was introduced [1], which marked the
beginning of a transformative journey that continues to shape various facets of
modern life. Over the decades, AI has evolved in many aspects, and its trajectory is
marked with many remarkable achievements. Recent years have witnessed a surge in
innovative advanced AI technologies, which make AI one of the most trending topics.
Key achievements include breakthroughs in natural language processing (NLP) [2],
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the advent of large language models (LLM), and the proliferation of Reinforcement
Learning techniques, Transformer architecture, etc.

The efficacy of AI in diverse areas has been aptly demonstrated, and the impact of
AI has been profound and multifaceted. More and more developers in various fields
are integrating AI tools into their projects [3-4]. AI technologies greatly impact many
fields, and web interaction design is one of those fields.

Generally, traditional implementations of web designs, including interaction
designs, require programmers to code by hand. Hence, traditional approaches tend to
be error-prone and inefficient [5]. AI technologies bring solutions to such difficulties.
Therefore, the application of AI technologies in web interaction modes has become
one of the trending approaches to implementing or improving web interaction, as AI
tools have been applied to various aspects of web interaction mode designs.

This article concentrates on several AI applications in web interaction mode
design, with a particular focus on chatbots, web accessibility, and generative search
engines. Chatbots are computer programs that chat with human users in natural
languages. Therefore, AI’s ability to recognize natural language makes it a reasonable
underlying technology with which to develop chatbots.

Similarly, web accessibility has benefitted from AI-driven advancements. Web
developers have developed various advanced techniques to improve web accessibility.
However, many traditional techniques are relatively time-consuming and difficult to
ensure accuracy [6]. However, the application of AI technologies introduces
innovative solutions to various accessibility features, thereby improving usability for
individuals with diverse needs. Furthermore, generative search engines are
improvements to traditional search engines. Traditional search engines are also error-
prone and time-consuming to implement by hand, and they cannot always return
satisfying content.

Although AI technologies bring solutions to the challenges of traditional web
interaction, they also introduce new problems that would not otherwise exist. This
article shall present and discuss several issues, such as the ability of chatbots to
conduct analyses, hallucination, accuracy of the recognition of speech and image,
correctness of the generated responses, etc.

This article aims to present some of the current applications of AI technologies in
chatbots, web accessibility, and generative search engines through a comprehensive
review of existing literature. Web accessibility has many forms. Therefore, this article
focuses on the following three kinds of web accessibility: TTS, ASR, and automatic
image caption. More specifically, this review aims to provide brief introductions to
each of the three technologies and discuss several typical challenges about them, as
well as possible future directions to addressing these problems in hopes of inspiring
further research and innovation, fostering the development of more inclusive,
intuitive, and intelligent web interaction experiences.
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2 AI-based Web Applications

Artificial intelligence stands as a prominent topic within computer science and has
gained significant attention from several experts who have devoted themselves to this
field. This section focuses on three typical applications of AI in web design: chatbots,
web accessibility, and generative search engines.

2.1 AI-based Web Chatbot

The innovation of AI-based chatbots has had a large impact on many fields. In recent
years, significant advancements have been witnessed in AI-based web chatbots. One
notable example is ChatGPT, which has garnered considerable acclaim and
popularity.
ChatGPT demonstrates proficiency in engaging with web users using natural

language, which is made possible by NLP. Moreover, it possesses the ability to
generate diverse content types, spanning from programs to movie scripts, owing to its
advanced capabilities. Fig. 1 shows a piece of program generated by ChatGPT.

Fig. 1. Program computing matrix multiplication generated by ChatGPT（Picture credit:
Original）

The utility of ChatGPT extends across various domains. For instance, recent research
has applied ChatGPT in circuit theory teaching [7]. Other notable chatbots in
existence include Bing, BERT, Erine Bot, Tencent Hunyuan, and RoBERTa. The
advent of AI-based chatbots has profound influence.

2.2 AI-based Web Accessibility

Web accessibility serves as a methodology aimed at facilitating access to various web
content for users with disabilities. Numerous standards have been proposed to ensure
the creation of inclusive web environments. Recent standards include EN 301 549
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V3.2.1 published by the European Telecommunications Standard Institute in 2021,
and ISO/IEC 40500 published by ISO in 2019 [8].
As artificial intelligence continues to advance, using AI technologies becomes a

natural choice to enhance web accessibility. It has been well established by a study
that AI-based web accessibility technologies can effectively transform web content
into various formats, thereby aiding impaired users in accessing web content. More
explicitly, AI-based web accessibility technologies can now render web content
accessible to users with cognitive impairments, hearing impairments, and other
disabilities [8]. Fig. 2 shows Whisper's output, a speech recognition system developed
by OpenAI.

Fig. 2. Speech recognized by Whisper (Photo credit: Original）

2.3 AI-based Search Engines

Search engines play a vital role on the web, serving as the primary tool for users to
navigate the internet. Therefore, the efficacy of search engines holds significant
importance. Traditional search engines rely on crawling and ranking technologies to
index and retrieve web pages relevant to a user’s query. While traditional methods
have been proven practical, there is room for improvement.

AI-based generative search engines have driven significant improvements. These
engines offer a distinct advantage for their capacity to generate content in response to
user queries rather than relying solely on pre-existing information like traditional
search engines. Generative search engines are particularly valuable in situations
where existing information fails to meet user requirements. Numerous generative
search engines have emerged, including BingChat, Search Generative Experience
(SGE), and NeevaAI. Some generative search engines are based on extensions to
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language models; Fig. 3 shows one example, which is WebChatGPT, and, as
suggested by the name, WebChatGPT is based on ChatGPT.

Fig. 3. Search results generated by WebChatGPT. last accessed 2024/04/09（Photo credit:
Original）

3 Existing Issues and Possible Solutions

Despite the rapid advancement of artificial intelligence, the technology remains
imperfect, and issues persist in its applications within web design. This section aims
to highlight some of the challenges encountered in the three applications of artificial
intelligence in web design discussed in the preceding sections. Additionally, possible
future directions for each application are proposed in this paper.
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3.1 Analysis of ChatGPT: An Example

Since there are many chatbots, this section shall focus on only ChatGPT and the
issues concerning it, as well as potential approaches to mitigate the issues. However,
the problems discussed herein are not exclusive to ChatGPT alone, and the suggested
approaches may apply to other language models.

Issues in ChatGPT. While ChatGPT demonstrates proficiency in understanding user
queries presented in natural language and executing various tasks such as solving
mathematical problems and writing code in different programming languages, studies
have highlighted certain limitations. Specifically, ChatGPT encounters difficulties
when tasks necessitate analytical reasoning. For instance, a study revealed that
ChatGPT may provide incorrect answers to certain mathematical problems posed by
users. Furthermore, ChatGPT showed subpar performance even in graduate-level
mathematical exams [9].
Mathematics is not the only field in which ChatGPT has rather poor performance.

Recent research revealed its shortcomings in medical domains. Although ChatGPT
exhibits high accuracy in responding to general medical topics, it struggles to deliver
satisfactory responses requiring analytical capabilities [10].

Possible Solutions. To address these challenges, employing unsupervised approaches
in AI model development could offer a solution. Chatbots are commonly developed
with supervised approaches, in which the models are trained with labeled datasets. A
recent study highlighted the limitations of datasets, emphasizing their inability to
accurately reflect real-world scenarios regardless of their size [11]. Therefore,
unsupervised approaches may hold an advantage over supervised methods.
Also, different datasets may be of assistance. The lack of ability to perform

analyses could be resolved by using specialized data which contains information on
how humans analyze problems and solve them to train the models. In other words,
data that record cognitive information that captures processes of how human minds
analyze problems. However, acquiring such data requires significant advancements in
cognitive science. Further exploration into the fundamentals of human cognition may
be imperative.

3.2 Analysis of AI-based Web Accessibility

Numerous AI-based web accessibility technologies have been proposed and
extensively utilized. Nevertheless, challenges persist in this domain. This section
discusses deficiencies in three common AI-based web accessibility technologies and
possible directions to address these challenges. Sections 3.2.1 and 3.2.2 shall
specifically examine fundamental technologies such as TTS, ASR, and Automatic
Image Captioning.
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Typical AI-powered Web Accessibility Technologies. TTS. Text-to-speech
technology employs AI to convert written text into spoken language. TTS engines are
commonly integrated into web browsers or assistive technology tools to offer audio
feedback for users with visual impairments. In recent years, prevalent
implementations of TTS rely on deep learning (DL) [12].

ASR. AI-driven speech recognition technology has various forms of applications. One
typical application is to employ ASR to recognize speech and translate it into forms
accessible to users with impaired hearing, like text. ASR also allows users to navigate
websites and interact with content using voice commands.

Automatic Image Captioning. Automatic image captioning can analyze visual content
and generate descriptive text. Automatic image captioning can greatly assist people
with disabilities by providing access to visual information that they may otherwise
struggle to interpret. For individuals with visual impairments, image captions offer a
way to understand the content of images they encounter online or in other media. DL
also serves as a prevalent underlying technology in this domain.

Shortages Related to AI-powered Web Accessibility Technologies. Difficulties in
TTS. A challenge encountered in TTS technology is the difficulty in consistently
producing speech that sounds natural. Moreover, issues regarding accuracy and
dataset limitations have been reported in certain TTS systems [12].
Future directions may include incorporating complementary techniques to build the

models and augmenting datasets to improve overall TTS performance. Incorporating
complementary techniques may involve integrating additional algorithms or
methodologies, such as prosody modeling or linguistic rules, to enhance the accuracy
of the resulting speech. These solutions may bridge the gap between synthetic and
natural speech, ensuring better accessibility and user experience in TTS applications.

Difficulties in ASR. A recent study suggests that users with hearing disabilities have
found ASR technologies to be limited in accuracy. The same study also revealed that
ASR implementations are generally inaccurate. For instance, ASR struggles with
recognizing pronunciation with accents [13].
To tackle the accuracy issues in ASR, future directions could involve implementing

more robust and inclusive training datasets that cover a diverse range of accents,
dialects, and speech patterns. Also, advancements in machine learning (ML)
techniques, particularly those exploiting deep learning and neural network
architectures, could be applied to improving ASR accuracy by enhancing the model's
ability to generalize various linguistic variations. ML could also be used to recognize
less fluent speeches more accurately.
Furthermore, developing domain-specific ASR models and fine-tuning algorithms

for specific applications or user groups could help mitigate biases and improve
recognition accuracy in specialized contexts.
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Difficulties in Automatic Image Caption. The following shortcomings of automatic
image captioning have been emphasized [11]:
(1) Object hallucination: This occurs when the image captioning system generates
descriptions for objects that are not in the image. It is often due to over-reliance on
context or inaccurate object recognition.
(2) Illumination condition: Variations in lighting conditions can significantly impact
the system's performance, like reduced contrast and shadows.
(3) Contextual understanding: This means comprehending the content of the given
images, like the relationships between objects. However, models may struggle to
grasp complex contextual relationships within images.
(4) Referring expression: Referring expressions pose a challenge as they require
models to accurately identify and link objects in the image based on linguistic cues,
enhancing caption quality by providing detailed descriptions for more accurate
captions.
Future developments may benefit from contextual reasoning; techniques like graph-

based representations or attention mechanisms could be applied to capture contextual
dependencies and reduce object hallucination. Training on diverse datasets that cover
a wide range of lighting scenarios could add robustness to lighting variations.
Advanced techniques are also useful. Various advanced techniques are being
developed, such as techniques to improve contrast, and restoring color, etc [11].
Unsupervised learning may ease the challenges related to contextual understanding
and referring expressions.

3.3 Analysis of Generative Search Engines

Generative search engines can generate responses to the users. Thus, the correctness
of the generated responses is crucial. Regretfully, the correctness remains to be
improved. In this section, some typical difficulties encountered in generative search
engines are presented and discussed.

Difficulties in Generative Search Engines. Low Verifiability. Some generative
search engines include citations in their responses to enhance verifiability, as shown
in Fig. 3. However, such generative search engines are lack of verifiability in a recent
study. Although the generated responses are seemingly informative and natural,
citations are far from accurate and supportive on average. In other words, the citations
are not adequate, if at all, to support the response [14].

Hallucinatory Content. Hallucination poses a challenge for both image caption and
generative search engines. In the context of generative search engines, hallucination
refers to responses generated without proper consideration of meaning, resulting in
improper and irrelevant content. This type of content does not have a direct basis but
is made up. Hallucinatory content is not practical, even if it is coherently based on
reliable sources.
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Possible Solutions. Several techniques have been proposed to tackle these problems.
Techniques like reinforcement learning are being developed to improve verifiability;
also, new evaluation protocols aimed at achieving the same goal have been proposed
[14]. Future developments may include improving mechanisms to allow users to
provide feedback on the accuracy and supportiveness of citations.
Researchers are actively exploring advanced techniques to mitigate hallucination,

such as Refusal-Aware Instruction Tuning. Future directions may also include
improving evaluation protocols for the content of the generated responses. Also,
employing unsupervised approaches to building the models may reduce hallucination.

4 Conclusion

This article presents three types of applications of AI tools in web interaction mode
designs. The technologies include chatbot, web accessibility, and generative search
engines. However, not all forms of web accessibility are covered; this article
concentrates on only three forms: TTS, ASR, and automatic image caption, which can
be used to ease web accessing for web users with issues like visual impairment,
hearing impairment, and cognitive impairment.
Furthermore, the challenges of each of the three types of three types of web

interaction technologies are discussed. Chatbots cannot perform complex and accurate
analyses. As for web accessibility technologies: TTS is not able to produce natural
speech; ASR suffers from low accuracy; automatic image caption suffers from object
hallucination, poor illumination condition, limited contextual understanding, and
limited ability to handle referring expressions. Generative search engines may
generate content with low verifiability or even hallucinatory content.
There are some obvious challenges with existing technology. For instance,

hallucination affects both automatic image caption and generative search engines.
More precisely, the output of an automatic image caption program may include a
description of objects that are not actually in the image, and the content generated by
generative search engines could include events or facts that are not in reality.
Approaches to solving these challenges are necessary for web interaction

technologies to be reliable and practical. Aiming to provide some guidance, possible
future research directions are shown in the article.
Web interaction mode design is a vast topic; any design must be sufficiently

complicated to meet the requirements of users with diverse needs. Therefore, the
coverage of this article is far from enough to fully demonstrate the significant impact
brought to the field of web interaction mode designs by the innovations of AI tools.
Also, the demonstrations of the challenges relating to each of the technologies
described in the article are limited, as only a few challenges are mentioned.
In the future, a more detailed re-examination of network interaction pattern design

will be conducted. Innovative application solutions of artificial intelligence in this
field should be studied to deepen the understanding of related research.
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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