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With the deep integration of industries brought about by big data technology, users’ 
design needs are diversifying and individuating. Thanks to big data technology, users’ 
diverse design needs can be precisely met. Meanwhile, big data can be used to realize 
emotional interaction for personalized design needs of users, resulting in a better user 
experience. Using grounded theory to mine user demand text data, this paper investigates 
the influencing factors of emotional interaction and dynamic resource allocation in the 
digital design supply chain. The results show that government-driven factors have a direct 
impact on the demand for industrial design in user emotional interactions. Market factors 
are the most fundamental in the development of an industrial design service platform, 
and universities play an important role in this. Furthermore, a lack of market sensitivity 
stems from a lack of emotional interaction with users, resulting in a schism between 
industry, university, and research, which has become a major impediment to the 
development of China’s industrial design industry. This study not only lays the theoretical 
groundwork for understanding the mechanisms of user emotional interaction on IDSPs, 
but it also points the way forward for future industrial design service platform development.

Keywords: big data, emotional interaction, industrial design service platform, grounded theory, interpretative 
structural model

INTRODUCTION

Promoting the integration of industry-university research in the design industry has a positive 
impact on promoting high-quality economic development (Shao X.-F. et al., 2021; Oliva et  al., 
2022; Zhang H. et  al., 2022). Using digital technology to build an industrial design service 
platform (IDSP) is an effective way to address the current disconnect between Chinese design 
and the market, even though the Chinese design market is currently experiencing a significant 
supply and demand gap (Onsman, 2016; FuJun et  al., 2018; Xu et  al., 2018). Building a digital 
IDSP can help to dismantle the traditional teaching concept of industrial design as an art 
discipline and actively explore a development model that integrates industry, academia, and 
research (Wang L. et  al., 2022; Zhang and Ming, 2022). However, current IDSP places a greater 
emphasis on conceptual design, resulting in ineffective interaction between design solutions 
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and users (da Silva Rodrigues, 2021), making translation of 
design results difficult (Castelo-Branco et  al., 2022; Selicati 
et  al., 2022). Therefore, improving the efficiency of design 
commercialization necessitates addressing the traditional 
industrial design process’s lack of effective designer-user 
interaction (particularly emotional interaction; Jovanovic et al., 
2021; Taneri and Dogan, 2021; Zhang X. et  al., 2022).

Through industrial design, product innovation promotes 
industrial upgrading (Shao Q. et  al., 2021; Zhu et  al., 2021). 
Building an IDSP in the early, middle, and late stages of product 
development can provide enterprises and designers with a 
wealth of user interaction information (Li et  al., 2020; Hsiao 
and Lee, 2021; Christou et  al., 2022). Through the IDSP, 
designers and users interact deeply emotionally, effectively 
improving the ability to manage the entire product design 
process (concept innovation, modeling development, and 
realisability), and thus improving design transformation efficiency 
(Zivkovic et al., 2015; Corazza et al., 2021; Zhang, 2021). While 
science and technology provide the foundation for emotional 
interaction, emotional interaction inspires design creativity, 
which opens up endless possibilities for science and technology 
applications (Brand et  al., 2015). Consequently, building an 
IDSP to solve the interaction between designers and users in 
the collaborative innovation process and promote intelligent 
matching of design tasks and design resources is an effective 
way to increase the efficiency of design commercialization 
(Sørensen, 2008; Kabukcu, 2015; He G. et  al., 2020). Through 
resource integration and demand optimization allocation, 
distributed heterogeneity and dynamic intelligent matching of 
design resources can be realized, effectively supporting the 
manufacturing industry’s transformation and upgrading (Cheng, 
2019; An et  al., 2020; Nain et  al., 2022).

Overall, this paper’s marginal contribution to existing research 
is primarily in the following areas: First, this paper adds to 
the current in-depth integration of industrial design and 
industry-university-research collaborative innovation to promote 
innovation transformation efficiency; second, it fills a gap in 
current industrial design research by exploring the internal 
relationship between industrial design and innovation-driven 
development from the user’s perspective, and expanding industrial 
design research beyond pure education and research. Third, 
the paper examines the current industrial design development 
trend and offers feasible suggestions for enterprise and university 
talent training through an in-depth analysis of demand for 
IDSPs. Fourth, this paper expands on previous research that 
focused on a single product or series of products, enhancing 
the practical importance of industrial design for innovation-
driven development.

LITERATURE REVIEW

In the traditional supply chain, the phenomenon of multi-
service resource crossing and multi-organization information 
barriers causes a lag in resource recommendation time, causing 
enterprises to face the problem of reduced information resource 
flow efficiency in the industrial interconnection business 

(Dumitrache et  al., 2020; He G. et al., 2020; Jianjia et  al., 
2021). Product improvement requires innovation in order to 
gain a competitive advantage in the market (business success; 
He L. et al., 2020; Wang et  al., 2021). Not all small and 
medium-sized businesses, however, can afford the high cost 
of innovation (Kori et  al., 2021; Zheng et  al., 2021). Therefore, 
the industrial design service platform based on collaborative 
innovation between industry and university research frequently 
plays an important role in small and medium-sized business 
innovation (Lawson, 2005; Shao X.-F. et al., 2021). Design 
researchers contribute their knowledge and time to the platform 
to help with product design and manufacturing process 
innovation (Chowdhury et  al., 2021; Liu Z. et al., 2022). Using 
collaborative design to develop innovative design solutions 
encourages everyone to share their perspectives and expertise 
(Mariani and Nambisan, 2021; Benitez et  al., 2022). Design 
thinking encourages the exploration and evaluation of new 
ideas by opening up new channels of communication 
(Tiefenbacher, 2019; Paay et  al., 2021; Stuedahl et  al., 2021). 
The essence of this phenomenon is that digitalization aids in 
the intelligent development of industrial design and is a powerful 
force in promoting the transformation of technological innovation 
(Sinan Erzurumlu and Erzurumlu, 2015; Bartliff et  al., 2020).

Emotional Interaction and Industrial 
Design in the Context of Digitalization
Companies are enabling collaborative sharing and personalized 
services through digital platforms, which has emerged as one 
of the most important strategies for companies seeking to 
achieve innovative growth (Matthews et  al., 2021; Espinoza 
Pérez et  al., 2022; Liu Z. et  al., 2022; Zhang H. et al., 2022). 
For smart manufacturing, the industrial Internet connects the 
physical world and cyberspace (Srinidhi et al., 2019; He L. et al., 
2020). Furthermore, as a result of user-producer collaboration, 
production efficiency can be  improved, while product design 
can be  more accommodating to users’ emotional needs (Hao 
et  al., 2021; Otto et  al., 2021). Therefore, when purchasing 
products and services, the most important factor to consider 
is how to provide consumers with an emotional experience 
that exceeds their expectations through design innovation (Bu 
et  al., 2021; Wehrle et  al., 2021).

IDSP enables the virtual clustering of companies and users, 
allowing dispersed design resources and ideas to overcome 
geographic space limitations (Ogundoyin and Kamil, 2021; 
Pivoto et  al., 2021), laying the groundwork for emotional 
interaction between users and companies (Ogundoyin and 
Kamil, 2021; Pivoto et  al., 2021). The traditional industry of 
manufacturing equipment suppliers has given way to industrial 
product service system (IPSS) providers as firms’ profitability 
shifts from products to services (Mourtzis et  al., 2021; Yoon 
et  al., 2021). IPSS is a new business model that enables 
manufacturing as a service by providing products and the 
services that go with them on a continuous basis (Morgan 
et  al., 2021; Yuan et  al., 2021). Users are able to exceed their 
expectations as a result of this manufacturing as a service, 
which is enabled by network collaboration with users (Lee 
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et  al., 2020; Wang et  al., 2021). We  can further unlock this 
potential by starting with innovations in IDSPs.

Emotional Interaction and Open Innovation 
in Industrial Design
IDSP is critical for addressing the lack of design knowledge 
in SMEs (Uskenbayeva et  al., 2020; Lestantri et  al., 2022; Liu 
J. et al., 2022). Industrial manufacturers are increasingly 
developing digital platforms to openly innovate their designs 
in a B2B environment in order to improve their products’ 
competitiveness (Brink, 2017; Costa et  al., 2020; Rossi et  al., 
2022). This innovation, fueled by emotional interactions with 
customers via digital platforms, creates new business 
opportunities for industrial manufacturing companies (Jovanovic 
et  al., 2021). These opportunities are intended to increase user 
satisfaction while also demonstrating how digital technologies 
can help businesses with their innovation efforts (Chowdhury 
et  al., 2021). Therefore, it expands the scope of digital service 
innovation while also paving the way for traditional 
manufacturing to be  transformed (Pyatt-Downes and Kane, 
2019b; Retolaza et  al., 2021). This has resulted in a shift away 
from product-centric business and toward more flexible and 
emotional interactions with users, allowing companies to gain 
market competitiveness through open (design) innovation 
(Sharma et  al., 2021; Tseng et  al., 2021).

Greening businesses through open innovation design is 
currently proving to be  an effective way to increase market 
competitiveness (Retolaza et  al., 2021; Ante et  al., 2022). The 
free development and emotional interaction between users and 
product designers result in a new circular business model 
during the green transformation process (Zuljevic and 
Huybrechts, 2021; Wang Y. et  al., 2022). This business model 
defines IDSPs, which are crucial in closing knowledge gaps 
and increasing innovation efficiency (Matos et al., 2019; Dahmani 
et al., 2021; Dokter et  al., 2021). IDSP also automates the 
design-to-cost process, allowing design teams to manage any 
project based on the cost of each phase and component (Liu 
Z. et al., 2022). It effectively improves design market translation 
and increases the efficiency with which corporate innovations 
are commercialized (Camburn and Wood, 2018).

The Influence of Emotional Interaction on 
the Marketization of Industrial Design
The most pressing issue confronting industrial design is rapid 
market response, but traditional user research is time-consuming 
and costly, severely limiting industrial design’s market sensitivity 
(Pyatt-Downes and Kane, 2019a). One effective way to address 
market sensitivity is to increase emotional interaction with 
users throughout the design process (Rosenzweig, 2015; 
Munirathinam, 2020). The industrial design service platform, 
on the other hand, creates objective conditions for emotional 
interactions between researchers (designers) and end users 
(Jovanovic et al., 2021; Zhang X. et al., 2022). Platform participants 
effectively connect industrial design to the market through 
real-time interaction in the community (Lee and Cassidy, 2007). 
This service platform, in the form of an online community, 

increases the efficiency of design commercialization by feeding 
design into market performance via emotional interaction with 
users. By coordinating various information and resources, 
designers are able to deliver innovative designs through emotional 
interactions to provide users with a sense of experience (surprise) 
that exceeds expectations, gaining market competitiveness 
(Rodríguez Ramírez, 2014; Becattini et  al., 2020).

Instead of serving as a design tool for solving artistic or 
technical problems, IDSPs seek to systematize the design process 
(Nordin, 2018; Aldoy and Andrew Evans, 2021). As the number 
of digital natives increases and the range of digital design tools/
media expands, the groundwork for a fully digital industrial design 
process is being laid (Pauliuk et  al., 2022; Urgo et  al., 2022). 
Using only the perceptual thinking and creativity of industrial 
designers, or exaggerating the role of quantitative data in the 
field of emotional cognition, on the other hand (Venturini, 2022), 
is a more one-sided approach to industrial design (Xiao and 
Cheng, 2020). Through emotional interaction with the target user, 
an industrial design service platform can effectively bridge this 
contradiction (Schneorson et  al., 2019). Consequently, effective 
emotional interaction with users via an industrial design service 
platform is a powerful way to market design and integrate 
entrepreneurship into design practice.

RESEARCH DESIGN

Research Methods
In this paper, the influencing factors of the industrial service 
platform are investigated using a combination of grounded 
theory and an explanatory structural model, as illustrated 
in Figure  1. Grounded theory is the primary method of 
preliminary qualitative research because the study’s sample 
data consist primarily of interviews and second-hand text 
data (Goulding, 2001). Since Glaser and Strauss proposed 
it in 1967, ground theory has been widely used in an 
inductive top-down qualitative research process to develop 
a specific phenomenon or thing and induce grounded theory 
(Soni, 2015). The coding of text data is central to this 
procedure. There are three steps for extracting samples from 
complex original data: open coding, selective coding, and 
saturation testing.

Following the principle of continuous comparative analysis, 
concepts and categories are summarized and refined from the 
original data until the theory is saturated and the theoretical 
model is formed. In terms of methodology, grounded theory, 
which is based on text mining method research based on the 
limitations of existing text materials, goes beyond the text data 
abstract theoretical concept, in order to better complete the 
hierarchy theory of inductive process, is immature for the analysis 
of industrial design service platform for the related influencing 
factors of the building theory of research (Zhang, 2021). This 
paper combined structural model interpretation with grounded 
theory abstract industrial design service platform to analyze the 
internal relationship between different factors in the analysis of 
the relationship between the factors related to the industrial design 
service platform. The interpretative structural model (ISM) is 
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capable of decomposing complex and muddled system unit 
relationships into clear, multi-level, and hierarchical structural 
forms (Warfield, 1973).

Data Source
This study collects and analyzes data using a method that 
combines first-hand interview data with second-hand case data 
to ensure the reliability and validity of the data obtained. To 
collect primary data, this paper relies heavily on semi-structured 
in-depth interviews. Among those interviewed were 10 industrial 
designers, 30 industrial design students (15 undergraduates 
and 15 master’s students), and 10 manufacturing practitioners 
(aged 22–45, 33 males and 27 females). The interviewees in 
this paper are highly involved in industrial design, and the 
interviews are mostly conducted in person with a video 
connection, lasting 15–30 min. The following questions are 
included in this paper’s formal interview outline: Personal 
information (name, gender, age, and occupation); Have you ever 
heard of or used a platform for industrial design services 
(website or mobile application)? What data and issues should 
I  be  aware of during the usage process? What difficulties did 
you encounter during the application process? Have you learned 
anything from these service platforms? What improvements 
do you  think could be  made to these platforms?

The interview outline served as a guide during the actual 
interview, the interview questions were framed in the context of 
the entire industrial design chain, and the interviewees were 
guided step by step through the process of expressing their 
opinions based on their responses (Xu et  al., 2021). To overcome 

the issue of researchers’ mind-set suspension, the interview data 
were sorted and coded multiple times, and consensus was reached 
through a retrospective interview on ambiguities. Furthermore, 
based on the theoretical saturation test requirements, 80 percent 
of interview records (i.e., the first 40 interview records) were 
chosen for coding, with the remaining 10 used for saturation testing.

The triangulation method is used in this paper to collect 
case data. The data are primarily derived from 29 IDSPs, 
and the content related to platform requirements is extracted 
and summarized into text form, providing the original data 
for the grounded theory coding analysis process as well as 
basic support for the overall demand model study. The 29 
industrial design service platform contains 19 regional 
industrial cloud (Beijing Industrial cloud, Deyang equipment 
manufacturing industrial cloud, Baoji industrial cloud platform, 
Changzhou intelligent manufacturing industrial cloud, Sanjiang 
Industrial cloud, Haixi industrial cloud platform, Fu’an (motor) 
industrial cloud, Guilin industrial cloud, Nanning industrial 
cloud, Jining industrial cloud, Xiamen Industrial cloud, 
Heilongjiang industrial enterprise public service platform, 
Dalian Industrial cloud, Zhucheng industrial cloud Inner 
Mongolia network coordinated manufacturing platform, 
Shaanxi digital manufacturing cloud service platform, Weihai 
enterprise public service cloud platform, Weifang industrial 
cloud, and Wenshang industrial cloud) and 10 industry 
industrial cloud (Tool housekeeper, valve cloud, excellent 
activity, D9X, Precision mold network, Yinzhou network, 
Tianhe mold cloud, T3 incubator, Earth energy cloud, and 
Linfen foundry industry cloud platform). Through the above 

Interviews and text 

data collection 

Open coding Selective coding Saturation test 

Grounded theory

Influence factors of extraction 

Adjacency Matrix Accessible matrix Hierarchical division 

Interpretative 

structural model

Explanatory model of influencing 

factors

FIGURE 1 | Research flow chart.
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multi-channel and multi-type data sources, the validity of 
research results is guaranteed.

Data Encoding
Open Coding
The process of “crumpling” and “breaking up” raw data and 
redefining concept labels in order to decompose and conceptually 
categorize it is known as open coding (Zhang, 2021). To ensure 
objectivity, the code uses interviews and description statements 
from the industrial design service platform to conduct primary 
conceptualization and eliminate redundant original concepts, and 
it extracts higher-level categories based on logical relations to 
achieve data categorization (Xu et  al., 2021; Aemmi et  al., 2022). 
We  have been constantly revising and checking with experts with 
associate professors and above titles in the industrial design major, 
repeatedly demonstrating the logical relationships between them, 
and have finally obtained 188 concepts and 36 categories, which 
are only partially listed in the table due to length (Table  1).

The interview results of the 50 subjects were sorted, answers 
that did not fit the purpose of the interview were removed, 
and the original text with the platform requirements vision 
was retained. Furthermore, the network information of 29 
IDSPs is sorted out in relation to the platform’s design services, 
which is represented by P as the original data. Ten interview 
samples and five platform samples were set aside to be analyzed 
later for theoretical saturation.

Axial Coding
Spindle coding is based on open coding in order to hide 
the deep logical relationships between the main categories 
and then dig out the main categories. Based on a thorough 
examination of the industrial design service platform’s demand 
orientation, this paper abstracts the 40 main categories based 
on the logic and operation of the main axis coding, and 
finally extracts 16 main categories. The “design demand” 
and “design supply” of the main category are extracted from 
the input of design-related knowledge, skills, resources,  
and information of the sub-category, reflecting the intuitive 
needs of users, according to coding rules. As shown in 
Table  2.

Selective Coding
Selective coding is a system analysis process that establishes 
the core category of the entire demand and the coupling 
relationship between the other categories, as well as the 
logic and correlation between 16 main categories based on 
causality, transmission mechanism, and further 
implementation root path—the model results, system to 
establish the core category of the entire demand and the 
coupling relationship between the other categories, and 
further clear the inner m. From thinking and analyzing the 
connotation and mutual relationship between the main 
categories, four core categories of demand type, design 
matching, design integration, and design transformation are 

TABLE 1 | Open coding categorization (partial examples).

Original statement P Initial concept a Category change A

P1: Pay more attention to frontier data and information, 
such as technology, materials, and design creativity, 
among other things.

P2: Limited employment options, insufficient design 
market research, and high demand for professional 
skills. I’d like to get a reputable professional 
certification.

a1 Frontier discipline;

a2 Shared;

a3 Design research;

a4 Training;

a5 Certification;

A1 Industry development;

A2 Design survey;

A3 Skill requirements;

A4 Certification and training;

P3: There are few related platforms to find design 
materials and inspirations, and they need to 
be charged.

P4: Without standards, it is difficult to define the quality 
of design.

P5: Undertake design orders.

a7 Design materials and inspiration;

a8 Paid services;

a9 Evaluation criteria;

a10 Design market;

A5 Source of creation;

A6 Evaluation system;

A7 Design barrier;

A8 Design transformation;

P6: Related competition, hope that the winner can 
be connected with the enterprise and put into 
production.

P7: I hope relevant platforms can enter reliable 
enterprise recruitment to help solve the employment 
problem.

a11 Design competition;

a12 Disconnection between design and production;

a13 Employment;

A9 Design talents;

A10 Design and production matching;

P8: Insufficient learning and training of employees in 
the process of manufacturing.

P9: Insufficient capacity, single equipment, and no 
replacement equipment.

P10: It is difficult to grasp the real needs of users, 
which requires coordination by platforms or 
departments.

a14 Continuous learning;

a15 Equipment maintenance;

a16 User requirements;

a17 Design collaboration;

A11 Industry-university-research institute disconnect;

A12 Design upgrade;

A13 Supply and demand matching;

A14 Design efficiency;

A15 Design collaboration;

(Continued)
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derived, and these four categories are used to organize other 
categories. The entire selection code is shown in Table  3. 
Design matching runs through the core category of activities 
as a thread through the entire requirements. The core category 
begins with demand type as a causal condition, and design 
integration is the intermediate condition that promotes 
design transformation.

Theoretical Saturation Test
To ensure the reliability of the final demand analysis model, 
theoretical saturation must be  tested. According to Gleiser and 
Strauss, theoretical saturation occurs when an analyst can no 
longer obtain data from the data to further develop the characteristics 
of a category (Zhang, 2021). This study discovered that no new 
concepts or categories were generated after coding the last 10 

TABLE 1 | Continued

Original statement P Initial concept a Category change A

P11: regional industrial cloud mainly provides 
customized marketing, R &amp; D and design, and 
intelligent production. Products and services, digital 
strategy consulting, enterprise innovation construction 
consulting, big data innovation development and 
application, design and manufacturing feasibility 
consulting

P12: Research on industrial design strategy and trend, 
public service of design resources, regional industrial 
upgrading, docking of large projects, high-tech 
industrialization and innovation education.

P13: Integrate multiple resources, provide integrated 
solutions and promote industrial innovation based on 
the needs of enterprises, government and education 
for innovation and design

a18 Industrial design cloud;

a19 Public service of design resources;

a20 Design and industrial upgrading;

a21 Design item matching;

a22 Technological innovation and design;

a23 Design education innovation;

a24 Product design and service;

a25 Design resource supply;

a26 Industrial Design Frontier;

a27 Industrial design strategy;

a28 Industrial design trends;

a29 Itegrated solution;

A16 Regional industrial cloud;

A16 Public services;

A15 Design education;

A16 Design resource integration;

A17 Innovative design;

A18 Design supporting services;

A19 Design entrepreneurship and team;

A20 Design problem integration;

A21 Design frontier;

A22 Design internationalization;

A23 Design supporting services;

A24 Open communication platform;

P14: Innovation and entrepreneurship team, design 
team and manufacturing product R&D department 
provide relevant services

P15: International design supporting services, to 
provide excellent works exhibition, for academic 
exchange, regional industry information, venue rental, 
resource replacement services.

a30 Design entrepreneurship;

a31 Design internationalization;

a32 Supporting services;

a33 Design team;

a34 Exchange;

a35 Resource matching;
P16: Industrial cloud mainly provides design 
consultation, technical support and docking, event 
exchange and brand promotion

P17: In-depth thematic, interactive design, exhibition 
competition, Design circle and cluster, industrial park, 
release platform, training, patent/law, material 
recommendation, Award works, design materials, 
creative gallery

a36 Industry industry cloud;

a37 Information consultation;

a38 Brand promotion;

a39 Industrial docking;

a40 Design marketing;

a41 Design cluster;

a42 Depth analysis;

a43 Design recommendation;

a44 Race;

a45Publishing platform;

a46 Works Library;

a47 Patent/Law;

a48 Design materials;

A25 Industry cloud;

A26 Resource allocation;

A27 Technical support;

A28 Promotion;

A29 Industrial docking;

A30 Design competition;

A31 Patent protection;

A32 Legal support;

A33 Interaction design;

A34 Database;

P18 Product image, series of product PI design, 
project promotion, benchmark industrial design, 
product design, UI design, mechanical design, 
structural design, circuit design, processing, mold 
manufacturing, non-standard equipment design in a 
complete industrial chain integrated design.

a49 Creative gallery;

a50 Image design;

a51 Product design;

a52 Brand planning;

a53 Interface design;

a54 Mechanical design;

a55 Structure design;

a56 Design and processing;

a57 Model design;

a58 Mold manufacturing;

a59 Non-standard design

A35 Product design and brand planning;

A36 Mechanical structure design;

A37 Mold design and manufacturing;

A38 Foundation design;

A40 Non-standard design (custom)
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interview texts and design service texts of five industrial design 
innovation service platforms, indicating that the platform demand 
model constructed through the coding text process is 
essentially saturated.

CONSTRUCTION OF EXPLANATORY 
STRUCTURAL MODEL FOR 
INFLUENCING FACTORS OF 
INDUSTRIAL DESIGN SERVICE 
PLATFORM

The Adjacency Matrix of Influencing 
Factors of Industrial Design Service 
Platform Is Established
This article is based on the concept of grounded theory to analyze 
the abstract, summarize the influence factors of industrial design 
service platform into three categories: the dominant factors, 
respectively, the government’s leading, leading, and enterprise 
leading colleges and universities, and analyze the industrial design 
service platform in the system the relationship between various 
influencing factors through the establishment of adjacency matrix. 
There are six factors in the government-led type, six factors in 
the enterprise-led type, and four factors in the college-led type. 

Furthermore, the Delphi method is used to consult experts above 
associate professors in the field of industrial design and industry 
personnel who have worked in the field for more than 3 years 
in order to construct a 16  × 16 adjacency matrix. As shown in 
Formula (1), it is denoted as 1 if there is a mutual influence 
relationship between factors and columns, and 0 if there is no 
mutual influence relationship (1). Table  4 depicts the factors as 
columns and columns.
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TABLE 2 | Categorization of spindle codes.

Category (A) Sub-category (AA) Main category (AAA)

A1 Industry development; A2 Design survey;

A3 Skill requirements; A4 Certification and training;

A5 Source of creation; A6 Evaluation system;

A7 Design barrier; A8 Design transformation;

A9 Design talents; A10 Design and production matching;

A11 Industry-university-research institute disconnect; A12 Design 
upgrade;

A13 Supply and demand matching; A14 Design efficiency;

A15 Design collaboration; A16 Regional industrial cloud;

A16 Public services; A15 Design education;

A16 Design resource integration; A17 Innovative design;

A18 Design supporting services; A19 Design entrepreneurship and 
team;

A20 Design problem integration; A21 Design frontier;

A22 Design internationalization; A23 Design supporting services;

A24 Open communication platform; A25 Industry cloud;

A26 Resource allocation; A27 Technical support;

A28 Promotion; A29 Industrial docking;

A30 Design competition; A31 Patent protection;

A32 Legal support; A33 Interaction design;

A34 Database; A35 Product design and brand planning;

A36 Mechanical structure design; A37 Mold design and 
manufacturing;

A38 Foundation design; A40 Non-standard design (custom)

AA1 Industry trend;

AA2 Design requirements;

AA3 Design supply;

AA4 Education disconnects;

AA5 Supply and demand disjointed;

AA6 Design update;

AA7 Design promotion;

AA8 Design collaboration;

AA9 Design innovation;

AA10 Resource integration;

AA11 Information exchange;

AA12 Skill output;

AA13 International standards;

AA14 Design transaction;

AA15 Design matching;

AA16 Intellectual property rights;

AA17 Basic design;

AA18 Design cloud;

AA19 Policies and regulations;

AA20 Technical foundation;

AA21 Equipment foundation;

AA22 Data support;

AA23 Design matching;

AA27 Non-standard design;

AA28 Products and brands

AAA1 Frontier trend;

AAA2 Design supply and demand;

AAA3 Industry, education and research;

AAA4 Design efficiency;

AAA5 Update and promotion;

AAA6 Collaborative innovation;

AAA7 Design resources;

AAA8 Design marketization;

AAA9 Intellectual property rights;

AAA10 Foundation design;

AAA11 Design internationalization;

AAA12 Design digitization;

AAA13 Policies and regulations;

AAA14 Design creativity library;

AAA15 Supporting services;

AAA16 Personality design
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Establish Reachability Matrix
The reachable matrix n is obtained by performing a Boolean 
operation on the adjacency matrix and the identity matrix. 
A matrix can be  used to express the degree to which each 
node in a directed connection graph can reach a given length 
of path (Huang et  al., 2014; Isla and Teknomo, 2016). The 
specific steps, according to Huang et  al. (2014), are Boolean 
summation of adjacency matrix M and identity matrix, 
followed by iterative operations until Equation (2) is 
established as:

 ( ) ( ) ( )¹M I M I M I+ + = +n-1 n n+1
 (2)

When Formula (2) is established, the reachable matrix is as:

 ( )= + nN M I  (3)

The reachable matrix in this paper is shown in Equation 
(4), which can be  expressed as the interaction relationship 
and transitivity between factors A1 and A16.
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 (4)

Reduce the Matrix and Layer
The relationship between the influencing factors of the operation 
of the industrial design service platform can be  further 
determined by dividing the hierarchy of the accessibility matrix 
N. The set of elements corresponding to all columns in the 
ith row of the reachable matrix with matrix element 1 is known 
as the reachable set A. The antecedent set B is defined as the 
set of elements corresponding to all rows with matrix element 
1, defines the reachable and antecedent sets’ common set 
C = A∩B. When C = A for a given element is satisfied, the 
element can be  extracted hierarchically. After the element is 
extracted, the rows and columns of the extracted element pairs 
are removed from the reachable matrix, and the process is 
repeated for the next level of element extraction. Repeat the 
element extraction procedure, deleting rows and columns from 
the reachable matrix until all elements are extracted. Using 
the process described above, the reachable matrix is extracted, 
and five levels are obtained as: L1 = {Y}; L2 = {A13，A15}; 
L3 = {A1,A5,A6，A11,A12,A16}; L4 = {A3,A4,A7,A9,A14}; L5 =  
{A2,A8,A10}.

Structural Model of Influencing Factors of 
Industrial Design Service Platform
The ISM model of industrial design service platform as shown 
in Figure 2 is drawn based on the level extraction of elements, 
and then, the association is established according to the adjacent 
level and the same level of accessible set connection, and finally, 
the explanatory structural model of influencing factors of 
industrial design service platform is obtained.

Results Analysis
According to the ISM diagram of influencing factors of industrial 
design service platform in Figure  2, the factors influencing 

TABLE 3 | Selective coding.

Typical paradigm Main categories Core category

Causal relationship Frontier trend; Update and 
promotion; The character 
designs

Requirement type

Transmission 
mechanism

Design supply and demand; 
Supporting services

Design match

Realize the path Policies and regulations; 
Production; Design 
internationalization; Design 
digitization; Design 
resources; Design efficiency; 
Collaborative innovation

Design integration

Results Design marketization; 
Intellectual property rights; 
Foundation design; Design 
creativity library

Design transformation

TABLE 4 | Variables represented by each column in the matrix.

Column Variable Column Variable

1 Y——Influencing factors of industrial design service platform
2 A1——Frontier 

trend
10 A9——Intellectual 

property right
3 A2——Design 

supply and 
demand

11 A10——Foundation 
design

4 A3——Industry-
university 
research

12 A11——Design 
internationalization

5 A4——Design 
efficiency

13 A12——Design 
digitization

6 A5——Update 
and promotion

14 A13——Policies and 
regulations

7 A6——
Collaborative 
innovation

15 A14——Design 
creativity Library

8 A7——Design 
resources

16 A15——Supporting 
services

9 A8——Design 
Marketization

17 A16——Personality 
design
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industrial design service platform have a 4-level and multi-layer 
progressive structure, and the relationships between direct factors, 
indirect factors, key factors, and basic factors are also determined.

Basic factors are those that make up or influence the 
formation or development of things and are unaffected by 
other variables. The most fundamental driving forces influencing 
the industrial design service platform are the government and 
businesses. The role of government leadership in the development 
of the industrial design service platform has an impact on 
the platform’s development direction and social potential. 
Interviewees frequently express high confidence in government- 
led projects, which is primarily reflected in their belief that 
government-led projects will provide adequate financial support 
for basic design and material R&D, improve the trading market, 
and increase the design market conversion rate. Simultaneously, 
as a result of the government’s ongoing support, design intellectual 
property rights will be  strengthened, boosting designers’ 
confidence. Furthermore, because of the government’s hegemony, 
policies can aid in the construction of an industrial design 
service platform, allowing the platform to gain a foothold in 
the market by relying on policy advantages during the initial 
stages of construction. At the basic factor level, government-led 
scientific research units frequently conduct basic design and 
material research and development. Such design and research 
and development are frequently expensive and time-consuming, 
making them difficult for a single company to bear. China’s 
design trading market, on the other hand, is far from perfect. 
As a result of a blind policy area, market subjects and individuals 
frequently conduct separate private transactions, making it 
difficult to protect both parties’ legal rights. As a result, protecting 
design intellectual property rights frequently takes a long time 
and costs a lot of money while producing no results.

Among the factors dominated by businesses, respondents 
frequently place a high value on market sensitivity. Because 
the majority of Chinese universities’ design education is 
severely disconnected from market demand, colleges and 
universities face a dual dilemma of design demand input 
and output difficulties. The primary causes of this situation 
are as follows: First, the domestic design market is still in 
its infancy, with corresponding market vitality and demand 
not fully developed; second, in the process of developing 
talent, colleges and universities place an overabundance of 
emphasis on theoretical knowledge study while ignoring the 
role of practice. Third, design education remains a niche 
subject in China, and society lacks a fundamental understanding 
of design. Design development in China is still in its early 
stages, and a comprehensive talent training system has yet 
to emerge. Therefore, the input and output of design 
requirements in the influence factors of the enterprise-led 
industrial design service platform are the fundamental links 
to realizing the improvement of industrial design innovation 
transformation efficiency.

Among the key factors, the leading factors of universities 
occupy the primary position, with the introduction of advanced 
equipment playing a critical role in the practical operation 
ability of talents training, and numerous creative ideas are 
frequently limited to the conceptual level and difficult to achieve 
due to equipment limitations. The introduction of advanced 
equipment, on the other hand, frequently necessitates a significant 
financial investment, making it difficult for the vast majority 
of colleges and universities to invest in the design discipline. 
Only a few colleges and universities are capable of doing so, 
and the talents trained by these colleges and universities are 
unable to meet the market’s diverse needs, posing a significant 

Indirect factors

A2 A8 A10Fundamental factors

A3 A4 A7 A9 A14Critical factors

A1 A5 A6 A11 A12 A16

A13 A15Direct factors

Influencing factors of industrial design service platform

FIGURE 2 | ISM model of influencing factors of industrial design service platform.
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barrier to the growth of the industrial design industry. In 
terms of design outcomes, the two levels of differentiation 
between universities are more obvious: excellent colleges and 
universities have numerous accomplishments or cannot 
be transformed, whereas ordinary colleges and universities have 
few accomplishments. In terms of design competitions, project 
implementation, design research, and design training, for example, 
the differences between colleges and universities are vast. General 
colleges and universities design competitions and project 
resources, even for related resources, can be  difficult to have 
enough support for its further development, the basis of good 
colleges and universities is further monopoly resources, which 
leads to resource waste formation.

Enterprises clearly dominate indirect factors, and only 
enterprises can realize all of the elements. China does not yet 
have a fully developed industrial chain in terms of design 
information and consulting, with only sporadic development 
in major developed urban agglomerations, and the vast domestic 
market remains untapped. It also demonstrates the convergence 
of major cities in terms of design exhibition, recommendation, 
and design forum, whereas design exhibition and forum have 
devolved into mere formalities and concepts.

DISCUSSION

Conclusion
Based on grounded theory, this paper combines qualitative 
and quantitative research to examine the factors influencing 
demand for IDSPs in the context of industry-university-research 
collaborative innovation, and it summarizes the elements that 
must be  considered when developing an industrial design 
service platform. As China’s economy transitions into an era 
of innovation-driven high-quality development, the industrial 
design service platform based on collaborative innovation 
between industry, universities, and research will become a 
powerful tool for businesses to innovate, develop, and promote 
high-quality economic growth. However, because the industrial 
design service platform and even industrial design are still 
relatively new in China, much of the research on the industrial 
design service platform is still in its early stages, with no 
comprehensive research theory or framework in place. Hence, 
in this paper, grounded theory is used to extract and define 
the influence variables of an industrial design service platform 
from a large amount of empirical text data. Furthermore, an 
interpretive structural model is used to stratify the influencing 
factors of the industrial design service platform, and the 
influencing factors model is built with the objective context 
in mind.

Theoretical Contribution
The existing research contributions discussed in this paper are 
as follows: (1) The “government leading, leading, enterprise 
leading colleges and universities” and other three types of 
industrial design and the service platform’s operation mode 
are presented, comprehensively summarizing the industrial 

design service platform of variable scope, based on the production 
under the collaborative innovation influence factors of industrial 
design service platform. (2) Currently, there is no systematic 
study of the interaction and mechanism of influencing factors 
of an industrial design service platform. This paper abstracts 
these factors from a large amount of existing text data to 
form specific variable concepts and then discusses the relationship 
between variables using an explanatory structural model. To 
explain the influencing factors and mechanisms of the 
development of an industrial design service platform, a deeper 
theoretical level is used.

The study’s findings provide a theoretical foundation for 
improving the industrial design service platform. On the 
one hand, this article will concentrate on the production 
area of industrial design service platform variables against 
the backdrop of collaborative demand influence factors and 
will present the factors influencing industrial design service 
platform causality—transmission mechanism, paths, and the 
results of analysis paradigm, the more comprehensive combing 
the influence the demand for industrial service platform 
variables. Previous research, on the other hand, has not 
done a thorough elaboration and analysis of the relationship 
between various influencing factors. This paper summarizes 
the industrial design service platform demand influence 
factors on the basis of furthering the relationship between 
the various factors for the detailed comb, from a deeper 
understanding of the cause of all the factors and their  
mechanism.

Practical Contribution
Not only do our findings provide a theoretical framework 
for understanding the mechanisms underlying various 
influencing factors of industrial design service platform 
demand, but they also open up a new research avenue for 
future industrial design service platform demand research 
and analysis. It also serves as a practical guide for the efficient 
construction and operation of an industrial design service 
platform. The level of construction of the industrial design 
service platform, first and foremost, cannot be  overlooked. 
In the future, more emphasis should be  placed on meeting 
the personalized needs of users in the online (digital) and 
cross-border (international) environments of user demand 
services. Furthermore, cultivating users’ correct understanding 
of industrial design will help users gain a better understanding 
of their own needs and locate the works that they truly 
require. Second, government-led factors have a direct impact 
on the development of an industrial design service platform, 
and the government’s current disregard for industrial design 
exacerbates the design market’s supply-demand imbalance, 
which has become a major impediment to industrial upgrading. 
Consequently, the government should keep improving relevant 
systems and regulations, as well as actively building and 
guiding a professional industrial design service platform. 
Finally, the supply and demand for design, the level of 
marketization, and the three basic design elements are the 
basic elements of influencing factors of demand for an 
industrial design service platform. As a result, the government 
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should actively guide and cultivate the enhancement of 
fundamental design ability while also promoting the 
establishment of an industrial design service platform.

The direct factors are clearly dominated by the government. 
The government is usually in charge of getting things done, 
whether it is policy guidance or infrastructure. Policy guidance 
is currently the most important source of support for the 
development of the domestic industrial design service platform, 
which is still in a semi-market state. The fact that units and 
organizations with strong design capabilities frequently have 
a strong government background, or are even directly affiliated 
with government departments, reflects design docking and 
support. Consequently, businesses frequently find it more 
convenient to obtain design support and docking with design 
firms only with government approval. Simultaneously, the 
construction of supporting facilities related to design is often 
difficult to achieve by a single enterprise, necessitating early 
government investment to create a good environment for 
further progress.

Limitations and Future Research
The study’s findings and flaws serve as a starting point for future 
research. To begin, the research data sources used in this paper 
are limited, with only online questionnaires and offline interviews 
used, resulting in a sample that is not sufficiently representative. 
Large-scale data collection, however, is difficult due to the COVID-19 
epidemic and a lack of research funds. Meanwhile, our research 
is limited to 29 IDSPs, including 19 regional industrial clouds 
and 10 industrial clouds, indicating that China has yet to establish 
a large-scale industrial design cloud, which will necessitate future 
development. Second, there are currently few studies on IDSPs, 
and the research presented in this paper is only an exploratory 
study of the factors influencing demand. This is only a small 
sample of research findings; larger-scale and more in-depth testing 
of the practice are required.

As the digital economy and economic globalization continue 
to develop, China is becoming increasingly aware of the 
importance of industrial design and innovative industrial design 
services, as well as the impact of industrial design on the 
construction of a new industrial ecosystem in the fourth 

Industrial Revolution (Industry 4.0). This study can help 
researchers gain experience, make breakthroughs in future 
research, and significantly contribute to the transformation and 
upgrading of traditional manufacturing industries.
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