A Qualitatively Driven Mixed Study: A Review of Chinese Literature on Smart Cockpit Experience Design for Chinese Brands
1.Introduction
A greater number of studies on smart car cockpits have been conducted abroad than in China, although the latter has seen a rapid growth in the number of studies on smart cockpits and user experience over the past two to three years (Chen et al., 2024, pp.27566-27577; Gu et al., 2024, pp.1-14; Li et al., 2021, pp.667-678; Liu et al., 2022, pp.82-85). Currently, smart cockpit experience design in China is a key driver in the transition from the second to the third phase of smart cockpits (Wang et al., 2022, pp. 963-969). In order to gain an understanding of the evolution of research in the field of smart cockpit experience design, this paper analyses the Chinese literature on the subject over the past ten years, from 2013 ‒ 2023, using the CNKI database. The analysis employs literature visualization techniques to identify the research focal points and paradigms, and to predict future research trends.

The research found that：The direction of domestic smart cockpit experience design over the past decade has undergone a significant evolution, with a shift towards cockpit scene intelligence and a user-centred approach (Zhu, 2023, pp.115-117; Feng et al., 2021, pp.201-206) This trend provides a valuable insight into the future direction of research in the field of smart cockpit experience design. It will inform future research and practice in this area, enhance international counterparts' understanding of smart cockpit experience design, and facilitate exchanges between researchers.
[image: Frame 2_00]
Figure 1 Timeline of smart cockpit development

2. Methodology
The existing literature on intelligent cockpit is mostly in English, but the Chinese literature on intelligent cockpit and user experience has shown a rapid growth trend in the past two to three years, and the research on cockpit experience has emerged in an endless stream. On the basis of qualitative review of a large number of relevant literatures on intelligent cockpit and its interaction design, some scholars have conducted research and prospects from different perspectives, but there are still few reviews on experience design and Chinese brand intelligent cockpit based on quantitative research. In addition, there are certain subjective judgments on the selection and classification of relevant literatures and trend tracking. Furthermore, there is a lack of objective quantitative analysis. Based on the relevant literature of Chinese brand intelligent cockpit experience design, this study uses the methods of bibliometrics and highly cited literature analysis to analyze and summarize the field of Chinese intelligent cockpit experience design by combining quantitative and qualitative research.

There are several obvious limitations in the traditional research method of systematically reading literature and summarizing and concluding. First, this method is a huge workload, which consumes a lot of time and requires a lot of labor. Secondly, it is easy to lead to the deviation of research direction and the omission of questions, and sometimes it may even lose the grasp of the overall research direction because of excessive attention to details. Therefore, this paper takes CNKI(China's National Knowledge Infrastructure) as the research object, and uses the visual citation analysis tool Citespace(6.3.R1) (Chen and Song, 2019, p.e0223994) to conduct a quantitative and then qualitative analysis and summary of relevant researches in the field of intelligent cockpit experience design.
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Figure 2 Roadmap for research methodology

3.Research Methods
3.1Research methods based on scientific knowledge mapping
Knowledge mapping is a quantitative literature research tool that is widely used in various fields, and the knowledge map in this study comes from CiteSpace version 6.3R1 (Chen et al., 2015, pp.242-253) developed by Professor Meichao Chen.CiteSpace species have 11 functions to choose from, which are mainly divided into three categories, namely, collaborative mapping, co-dedication mapping and co-citation mapping (Zins, 2007, pp.526-535). In this study, through the visualisation of these maps and related data, we determine the specific relationship and evolution between each research hotspot, sort out the research trends through the research hotspots, and finally analyse the highly cited literature to summarise the research paradigm.

Specific literature combing research methods are as follows: firstly, search and screen the data on CNKI, import the screened data into Citespace, firstly, carry out the analysis of institutions, authors, and journals, and then carry out the analysis of keyword clustering and clustering, and draw the keyword clustering and clustering knowledge map and timeline knowledge map. Secondly, based on the above mapping, the research hotspots of intelligent cockpit experience design are clustered and summarised, and the research trends and future trends of intelligent cockpit experience design are formed from the above data. The highly cited and core literature is analysed to sort out the research paradigm and disprove the previous conclusions.

3.2 Data sources
The data for this study was primarily sourced from the CNKI database between 2013 and 2023. The objective was to ensure that the literature search process yielded as much topic-related research and accuracy as possible. To this end, a search interface was developed to determine the search criteria for 'smart cockpit', 'smart car cabin', 'smart connected car cabin', 'HMI', 'HUD', and other related terms. The following terms are used in the context of the smart car cockpit: smart connected car cockpit, HMI, HUD, etc. The design elements of the smart cockpit, including "experience design," "user experience," and "experience," as well as their respective abbreviations, are ultimately incorporated into the search statement. A search for articles on the topic of intelligent cockpit experience design using the following search terms: (UX + UX design) + Experience Design + UED + UX + Experience) AND (Intelligent Vehicle Interactive Interface + Intelligent Cockpit + Intelligent Cockpit System + Intelligent Vehicle Cockpit + Intelligent Internet Connected Vehicle Cockpit + New Energy Vehicle Cockpit + Cockpit Human-Computer Interaction + HMI + HUD) returned a total of 261 articles, with 236 articles containing valid data, including dissertations and academic journals. Of these, 167 articles were found in academic journals. A total of 236 articles were exported to TXT text data in Refworks format for the subsequent quantitative analysis.

CiteSpace provides two indicators, Modularity Q and Silhouette S, based on the relevant structure and clarity of the graph visualisation. Generally speaking, the Q value is generally in the interval of [0,1), Q>0.3 means that the dispersed clusters structure is significant, when the S value is 0.7, the clustering validity confidence is high, if it is above 0. 5, the clustering is qualified (Zins, 2007, pp.526-535). The relevant data of this study are as follows: time slice is 1, g-index parameter k=25; among them, the data of organisation and author clustering map is Q=0.93, S=0.9873; the data of keyword clustering map is Q=0.6839, S=0.9317, which are all within the reasonable range.
Data finding criteria:
1) Study was published on CNKI
2) The research is related to the content of intelligent cockpit based on user experience (Intelligent Networked Vehicle Cockpit)
3) The study is from the last 10 years
Data exclusion criteria:
1) Full text is not available
(2) Smart cockpit studies not based on user experience or experience design
(3) User experience research in other fields
4) Non-Chinese literature
5) Newspaper news articles

3.3Summarisation of data
1） Author-agency collaborative mapping analysis
he CNKI database 2013-2023 smart car experience and smart cockpit academic journals issue data is collated, a total of 167 articles. The top 11 organisations are as follows, see Table 1.As shown in the figure, the research on intelligent cockpit experience design in China mainly focuses on automobile enterprises and some double first-class colleges and universities, among which Guangzhou Wilson Information Technology Co., Ltd. is the first one, and among the double first-class colleges and universities, Hunan University and Tongji University have more articles.

	Name of Institution
	Number of articles

	Guangzhou Wilson Information Technology Co.
	5

	China First Automobile Group Corporation (CFAG)
	4

	Hunan University
	4

	Tongji University
	4

	Wuhan Institute of Technology
	3

	Hubei Dongfeng Motor Company
	2

	Shanghai Jiao Tong University
	2

	China Automotive Technology and Research Centre (CATRC)
	2

	Jiangnan University
	2

	Tsinghua University
	2

	Anhui Jianghuai Automobile Co.
	2


Table 1 CNKI Database Literature Ranking (Top 11)

The reasons why the amount of articles issued by colleges and universities is less than that of automobile enterprises may be as follows: it is difficult for teachers and students of colleges and universities, and academic institutions to carry out on-the-ground research, and it is difficult to obtain user information and other actual data with high credibility; and automobile enterprises will not share the actual research data and results. In order to conduct more in-depth and academic research, some universities have set up relevant laboratories for smart car and smart cockpit research, which are the key research objects.

The CNKI database 2013-2023 smart car experience related research all 206 data imported into Citespace, select the author cooperation co-occurrence map and institutional cooperation co-occurrence map to overlap, to get the cooperation relationship between the various research teams composed of authors and institutions, the cooperation presents the characteristics of the overall dispersion, the local is more centralised, as shown in Figure 3. 

The results show that there is a research circle centred on Hunan University, and some regional research groups formed by Shanghai Jiaotong University and universities in Beijing. The co-operation between various vehicle companies is more limited, with independent research as the main focus, and co-operation needs to be strengthened.
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Figure 3 Diagram of the co-operation between the various research teams


2）Research Hot Keywords Co-occurrence and Clustering
Firstly, the CNKI smart cockpit experience design data are imported, and the overall hotspot direction is determined through the keyword node information and clustering in CiteSpace. This is followed by the CiteSpace original clustering being organised into specific research hotspots by integrating the connection between the keyword nodes of each research topic. These topics are: 
The five categories of hotspots identified are as follows:
1. Cognitive and emotion-based smart cockpit experience (Liu and Wang, 2020, p.6962; Xue, 2022)
2. Smart cockpit scenario-based experience (Ma and Feng, 2023, p.63; Wang et al., 2024, p.102557; Qin and He, 2023, pp.67-76)
3. Smart cockpit safety and smart auto-pilot experience (He et al., 2023, pp. 287-292; You et al., 2021, pp.20-28; Li et al., 2023, pp.40-48; Wang, 2021, pp.1-12; Tan and Sun, 2016, pp.58-62)
4. Smart cockpit users' personalised experience (Hao et al., 2023, pp.64-84; Liu, Z.W. and Liu, J.R., 2023, pp.168-175; Xue et al., 2024, pp.35-44; Li and Chen, 2021, pp.98-105; Meng et al., 2020, pp.109-113)
5. Quality and evaluation of the smart cockpit experience (Tan and Tang, 2023, pp.12-24+469; Zhang et al., 2022, pp.361-366; Yuan and Yang, 2022, pp.62-67; Yang et al., 2022, p.15014)
These categories are interrelated and mutually reinforcing.

[image: 截屏2024-05-02 17.11.33]Figure 3 Keyword Clustering 1

[image: 截屏2024-05-02 17.09.19]

Figure 4 Keyword Clustering 2

3）Timeline chart and keyword emergence chart
In order to further explore the hotspot changes and development trends of the research related to intelligent cockpit experience design, CNKI data time is set to ‘2013-2023’ in CiteSpace, the time zone slice is one slice per year, and Minimum Spanning Tree is selected in the branch reduction method, and Timeline View is selected in Layout, and the rest of the options are set according to the default settings of the software. In CiteSpace, the time of CNKI data is set to ‘2013-2023’, the time zone slice is one slice per year, and Minimum Spanning Tree is selected for branch reduction method.

The research focus on intelligent cockpit experience design in Chinese literature has shifted from a primary emphasis on the fundamental human-computer interaction system and interface design to a greater interest in the investigation of cockpit function diversification and the integration of artificial intelligence technology during the period spanning 2013 to 2023. A further area of interest is the integration of multi-modal cockpit interaction and the combination of virtual reality and other multi-scenarios for the future autonomous driving. Another area of interest is the exploration of ‘cockpit multimodal interaction fusion, combined with virtual reality and other multi-scenarios of the future automatic driving’. In terms of user research, there has been a shift from a focus on basic safety and performance-level user experience research to multi-level and personalised user emotional experience research.
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Figure 5 Keyword timeline chart
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Figure 6 Keyword Surfacing Chart

4. Conclusion
4.1 future trends
In summary, based on the analysis of the above keyword timeline graph and keyword emergence graph, China's smart cockpit experience design research has significantly developed towards the direction of cockpit scene intelligence and user-centredness in the past decade. From the analysis of the above data, the following three future development trends of China's smart cockpit experience research are derived from the combination of hot directions:
(1) Machine Learning-based Intelligent Cockpit Deep Intelligence Experience
With the development of machine learning and artificial intelligence technology, the design of multi-channel fusion cockpit experience will become mainstream with AI-based intelligent assistant as the hub. The cockpit interaction experience will become more naturalised and anthropomorphic, and the linking contacts will be expanded more. For example, research on multi-screen interaction in the cockpit, research on collaborative interaction inside and outside the cockpit, and research on remote interaction in the cockpit. In terms of trust and safety experience, automatic driving lane change and takeover have maintained a high level of attention in recent years.
2）Scene-integrated intelligent cockpit integrated user personality experience based on scene integration
Scholars have conducted in-depth research on segmented users, combined with more usage scenarios, to make the smart cockpit a personalised ‘third space’ . The cockpit scene is not limited to the car and a single scene, in the future will pay more attention to the complex integration of inside and outside the car scene, smart city scene construction. Smart cockpit and smart car will become an important part of the future integration of smart living space.
3) Scientific improvement design of smart cockpit based on multi-dimensional evaluation
In recent years, based on the development of cognitive psychology, design and ergonomics, scholars' research in this field has become more scientific and multidimensional, and in addition to the basic safety and efficacy evaluations, the perceptual experience evaluation has maintained a steady heat in recent years. Through various physiological and psychological data of users, many studies have combined qualitative research, such as interview research; and quantitative research, such as questionnaires, and other methods, in an effort to form a scientific closed-loop evaluation process of smart cockpit experience, and to provide a more accurate standard and improvement direction for the cockpit experience.

4.1Reflections on future research space
The advancement of intelligent cockpit experience design has emerged as a pivotal driving force in the evolution of intelligent cockpit from the second to the third stage. Currently, the following research areas exist:
(1) Intelligent cockpit integration experience: Despite the multitude of current intelligent cockpit hardware and software functions, the style design remains disparate. A comprehensive examination of the functional ecological chain is necessary to enhance its uniformity. Moreover, the car style integration and functional modularity of the experience require further in-depth study.
(2) Intelligent experience and safety function balance: the current cockpit interaction has become more diversified, with the introduction of touch-screen virtual keys replacing many buttons from the former button configuration. However, the safety of this new button experience requires further verification. Inappropriate interaction language and complicated steps may present a hidden safety hazard for the cockpit.
(3) Integration of smart cockpit and smart life: the smart cockpit is an integral component of the smart life experience, functioning as the 'third living space'. It plays a pivotal role in the process of integrating the smart life and smart city experiences. However, there is a paucity of research investigating the direct link between the smart cockpit and the smart city. This represents a significant research opportunity.
(4) Smart cockpit experience for special people: although smart cockpit users have many personalised functions, there is less attention to the experience of special people, such as people with lower limb disabilities, hearing-impaired people, etc. Consequently, there is more space for research on barrier-free cockpit experience design for special people.
(5) User-centred emotional scene experience: As user needs diversify, the emotional appeal of the intelligent cockpit must be deepened, and the interaction language must be naturalised.

5. Limitations and challenges
Finally, there are some limitations of this paper as follows:
(1) The overall input data size of the bibliometric visualisation is small for the following reasons: the hotspot of intelligent cockpit experience design research has appeared for a relatively short period of time, and the number of papers issued has only increased significantly in the past three or four years, and more than half of the research is focused on new energy vehicle enterprises, and the research results are often unable to be shared due to the characteristics of vehicle enterprises.
(2) Due to some limitations of the CNKI database, this study has some limitations in the selection of literature samples, and some authoritative literature resources are difficult to obtain, which affects the completeness of the analyses in the review section.
3) No data analyses were conducted on Chinese literature libraries other than the CNKI database.

Challenge：Firstly, in terms of research methodology, I learned to use visual bibliometric tools in this study, which is a brand new challenge for me, as previous literature studies on smart cockpit are qualitative. There are several obvious limitations in the traditional research method of summarizing and generalizing after reading the literature systematically: firstly, this method has a huge workload, which is both time-consuming and requires a lot of labor; secondly, it is easy to lead to a shift in the research direction and omission of issues, and sometimes may even lose the grasp of the overall research direction due to excessive attention to the minutiae. 

Secondly, in terms of research content, I analyzed a large number of articles in the field of smart cockpit and experience design, and defined and subdivided the scope of research, focusing more on “experience”. Smart cockpit is a multidimensional and complex research object, and it is a challenge for me to start this research from experience and sort it out in multiple dimensions.
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