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Abstract 

The online user innovation communities (OUICs) provide a platform for us-
ers to participate in innovation activities, share product experience, and inte-
ract with each other. Different types of users have different innovation values. 
Classification of users can facilitate better community management and 
maximize the value of users. In the existing user classification research, the 
analysis of user innovation value is not in-depth enough, and the professional 
knowledge of each stage of product development possessed by users is not 
fully considered, which is the key to maximize the value of user innovation. 
Therefore, we comprehensively consider the user’s innovation capability, 
professional capability, influence capability and active capability, and propose 
a measurement method of user innovation value (4C). And based on user in-
novation value, a framework of a three-dimensional user classification model 
(TIS) was proposed combined with the product development stages and top-
ics that users participated in, which contains topics, innovation value, and 
stage. It can enable companies to introduce high-innovation value users with 
different professional knowledge backgrounds at different stages of product 
development, and give full play to their innovation value, which is conducive 
to improving the product innovation performance of companies. 
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1. Introduction 

Users are one of the important sources of company innovation (Von Hippel, 
1986). User innovation creates more competitive advantages in traditional mode 
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(Raasch & Von Hippel, 2012; Fuchs & Schreier, 2011; Antorini & Muñiz, 2013), 
which will inevitably change the traditional process of new product development 
(Mallapragada, Grewal, & Lilien, 2012). User innovation is defined as the user’s 
initiative to undertake the task of innovation. Especially in the stage of product 
creative thinking and concept prototype, users can often provide tremendous 
help and improve the speed of the two stages (Chang & Taylor, 2016). With the 
rapid development of the Internet, it is often the user’s “personalized needs” that 
are more easily expressed, which is convenient for companies to have real-time 
contact with customers to know their needs in a close distance. And OUICs are 
important platform for companies to communicate with users, and for users to 
express demands and exchange knowledge. Dell, Lego, Starbucks and other 
world-renowned companies have built open innovations by building OUICs, in-
cluding users as an extremely important innovation subject into the company’s 
innovation cooperation subject, and combining internal and external ideas for 
innovation (Ogink & Dong, 2019). They use users’ creative ideas, designs and 
feedback to promote the formation of new products, in order to improve the 
company’s innovation performance.  

Online user innovation communities have gradually become the main plat-
form for customers to participate in product innovation online, and users’ wil-
lingness to contribute innovative knowledge comes from their own motivations. 
The most typical motivation is the user’s interest in related products and tech-
nologies, with the intention of obtaining higher value experience from the prod-
uct improvement they participate in the design (Janzik & Herstatt, 2008; Jeppe-
sen & Frederiksen, 2006; Parmentier & Mangematin, 2014). For example, many 
users in the Xiaomi community are technical enthusiasts of smartphones or 
Xiaomi products. Users who have a high degree of recognition for the company 
will contribute their own value (de Vries, Boon, & Peine, 2016). 23% of the 
product improvement ideas put forward by users according to their own needs 
can realize the commercialized application value, which brings huge revenue for 
companies (de Jong & Flowers, 2018). As communication platforms for conti-
nuous improvement and innovation of the product, the OUICs have a large 
number of users, but different users have different values for companies to carry 
out product innovation activities. Each user has different expertise and product 
use experience, which means that different users will participate in different 
topics when participating in community activities. At the same time, each user’s 
participation in the community is based on different motives, such as improving 
the product and analyzing the product experience. This also destined that there 
are differences in the product development stage in which each user participates. 
The user’s participation and interactive behavior will form a “community” in the 
community, the interaction between groups is more conducive to the formation 
and diffusion of innovative knowledge, but in addition to users who continue to 
bring innovative ideas to the community, there are also a large number of lurk-
ers who bring little value to the community, so how to identify the group based 
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on user innovation value, so as to provide guidance for enterprise innovation is 
very necessary. However, most of the existing researches focus on the identifica-
tion of leading users from the perspective of 0-1 or from the perspectives of user 
participation behavior (Füller et al., 2014; Barcellini, Détienne, & Burkhard, 
2014) and contribution (Guo et al., 2017), etc., without in-depth analysis of the 
user’s innovative value. But the inevitable development trend of the current user 
classification is to realize the non-manual processing of user-generated content 
through natural language processing and big data technology, and based on 
multi-dimensional perspectives, such as product development stages and topics 
that users participate in, to better explore high value customers and realize the 
maximization of user innovation value, providing more innovative knowledge 
for company’s product innovation. 

Therefore, the fill the gap of previous research, this paper makes use of user 
participation and interactive behavior to examine the value of users to company 
innovation activities, and proposes a user innovation value measurement me-
thod (4C). Based on it, we propose a framework of a three-dimensional user 
classification model, TIS (Topic, innovation, stage), taking into account the top-
ics and the product development stage that users participate in. Thus, the con-
tributions of this article are as follows:  

1) The user innovation value measurement method 4C is proposed. This me-
thod comprehensively considers the user’s innovation capability, professional 
capability, influence capability and active capability which can identify the users 
with the most innovative value.  

2) Based on the user innovation value, and combined with the theme and 
product development stage, the framework of a three-dimensional user group 
classification model is constructed to facilitate community managers to categor-
ize users based on the three dimensions of user innovation value, knowledge 
professionalism, and product development stage, and to strengthen the incen-
tives for community users, promoting community innovation activities. 

2. Literature Review 

2.1. Lead Users 

Von Hippel (1986) believes that lead users should have two basic characteristics. 
One is that the demand of lead users is ahead of ordinary users; and the other is 
that lead users have a strong motivation for innovation. Traditional market re-
searches focus on the target consumers and their needs in the target market. And 
they do not understand the lead users and do not care much about the existing 
solutions. But the lead users may already have developed solutions, while tradi-
tional market research has long since lost out on innovative product ideas from 
lead users. Compared with ordinary users, product innovation is very early for 
lead users, even earlier than the commercialization of the similar products. Pro-
fessor Von Hippel (1986) distinguished lead users from ordinary users in order 
to emphasize the role of lead users in the early process of innovation. Through 
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different forms of contact with lead users, you will find that they can stimulate 
various innovations thoughts. 

Drawing on the work of Von Hippel (1986), researchers have expanded the 
characteristics of lead users. The main characteristics of lead users in relevant li-
teratures are shown in Table 1. 

Based on the characteristics of the lead users, the researchers carry out the 
identification of the leading users. Early research was conducted based on ques-
tionnaires and interviews. But with the development of the Internet and the 
emergence of OUICs, researchers have begun to use Internet technology to 
conduct research. For example, Pajo et al. (2015) proposed the FLUID (Fast 
Lead User Identification) framework based on data mining technology and used 
C4. 5 algorithm classifies users randomly selected from Twitter, founding that 
this method can achieve a recognition accuracy of 98%. Later Pajo, Vandevenne 
and Duflou (2017) proposed another lead user identification method for online 
innovation community based on user dynamic feature extraction. 

 
Table 1. Characteristics of lead users. 

Characteristics Studies 

High expect returns from  
requirements solutions 

Morrison, Roberts, & Midgley (2004) 

Oosterloo (2010) 

Strong dissatisfaction  
with the existing products 

Lüthje & Herstatt (2004) 

Conradie et al. (2016) 

Belz & Baumbach (2010) 

Pajo et al. (2013) 

Potential as a leader 

Belz & Baumbach (2010) 

Pajo et al. (2013) 

Liu et al. (2019) 

Zhang, Li, & Yu (2019) 

Participation 

Lüthje & Herstatt (2004) 

Belz & Baumbach (2010) 

Pajo et al. (2013) 

Liu et al. (2019) 

Adopting new products  
faster than ordinary users 

Pajo et al. (2013) 

Extensive product knowledge 
Lüthje & Herstatt (2004) 

Belz & Baumbach (2010) 

Rich experience in product use 

Lüthje & Herstatt (2004) 

Conradie et al. (2016) 

Belz & Baumbach (2010) 

Pajo et al. (2013) 
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Current research on lead user identification generally assumes that the lead 
user follows the 0-1 distribution, that is, a user is not a leading user, then he is a 
non-lead user. Due to the existence of different types of users in the community 
(Benamar, Balagué, & Ghassany, 2017), it is not enough to simply divide com-
munity users into lead users and non-lead users when studying the impact of ac-
tive users. Different types of users may have different effects on the innovation 
behavior of other users, and also bring different contributions to the communi-
ty. 

2.2. Multi-Dimensional User Classification 

The multi-dimensional segmentation of users can better manage users to achieve 
effective user evaluation, reasonable allocation of service resources and success-
ful implementation of user strategy. Meantime it provides theoretical and me-
thodological guidance for companies to fully obtain user value. Researchers clas-
sify users according to different user attributes, as shown in Table 2. There are 
two main categories. 
 
Table 2. Research summary of user classification in OUICs. 

Studies Division criteria User roles Methodology 

Füller et al. (2014) 

Participation 

Idea generator 
Socializer 

Efficient contributor 
Master 

Passive commentator 
Passive idea generator 

Social network analysis 
Clustering analysis 

Barcellini, Détienne,  
& Burkhardt (2014) 

Interactor 
information provider 

coordinator 
encourager 

Improved PEP model 

Toral, Martínez-Torres,  
& Barrero (2010) 

Peripheral user 
formal user 

core user 
Social network analysis 

Moritz, Redlich,  
& Wulfsberg (2018) 

Lurkers, Quiets, Coys, Stars, 
Movers, Shakers 

Social network analysis 
Empirical analysis 

Zhao et al. (2010) Contribution 
Peripheral participant 

active contributor 
core contributor 

Empirical analysis 

Guo et al. (2017) 

Participation 
Contribution 

Project leader 
Generalist 

Active designer 
Communicator 
Passive designer 

Observer 

Social network analysis 
Clustering analysis 

Zheng & Shen (2013) 

Active login 
active participant 

indirect contributor 
direct contributor 

Empirical analysis 
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One type of mainstream research is to classify users based on their participa-
tion behavior. Cui and Wu (2016) classified customer participation in innova-
tion into information source, cooperative developer or independent innovator 
through different forms of customer participation in product innovation. By us-
ing SNA technology to analyze the interaction and cooperation between users in 
OUICs, Toral, Martínez-Torres and Barrero (2010) divided the user groups of 
this community into three categories: peripheral users, formal users and core 
users, according to the macro-structure analysis of the network, and studied 
separately the roles of these three user groups in the OSS project.  

Another type of mainstream research is to classify users based on user contri-
bution behavior or degree of user contribution. In their study of the open source 
software community, Hemetsberger and Pieters (2001) divided customers into 
three categories: main contributors, contributors and ordinary users on the basis 
of their different contributions in the process of participating in the develop-
ment of new products. Füller et al. (2014) summarized the user roles of the in-
novation competition community into six categories: idea generator, socializer, 
efficient contributor, master, passive idea generator and passive commentator 
according to the differences in user’s contribution behavior. And they further 
analyzed the differences in interaction content and contribution quality of these 
six categories of users. 

It can be found that in the current research on the user classification of 
OUICs, whether it is the identification of lead users or multi-dimensional user 
classification, the innovation value of the user itself and the value created by the 
text information in the generated content are ignored, and less attention is paid 
to the product knowledge that users own and product development stage that 
users participate in. However, these aspects are the key for different users to ex-
ert their professional product knowledge in different product development stag-
es to maximize their innovation value. Therefore, we make use of user participa-
tion and interactive behavior to examine the value of users to company innova-
tion activities, and put forward a measurement method, 4C. And then, by taking 
into account the topics that users participate in and the product development 
stages involved, we propose a three-dimensional user classification model, TIS, 
based on innovation value measurement. 

3. Theoretical Framework Construction 

3.1. User Innovation Value Measurement Method 

The innovation value of the user not only refers to the innovation capability of 
users, but also should comprehensively consider the professional capability, in-
fluence capability and active capability of users. The professional capability pos-
sessed by a user can reflect the user’s reserve of product expertise. Only the user 
with high expertise in a certain range of knowledge or a wide range of knowledge 
can put forward valuable innovative ideas. The influence capability can reflect the 
popularity of a user in the community and the influence of the user on other users 
in the community. Users with high influence are generally well-known to most 
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people, and have high leadership and appeal in the community. Active capability 
reflects the overall activity level of a user in the community. And active users can 
continuously inject vitality and contribute knowledge to the community. Draw-
ing on the current research on user classification, this article focuses on user 
participation and interactive behavior, combining the four types of capabilities 
of users, and proposes a 4C measurement method for user innovation value 
(IV). The specific contents are as follows: 

3.1.1. Innovation Capability 
Innovation capability ( nnI C ) refers to the capability of a user to innovate active-
ly in the online innovation community and gain recognition in this process. The 
greater the capability to innovate, the more innovative activities users perform in 
the community, and the more likely they will be recognized. It is measured from 
the perspective of innovation quantity and innovation quality. 

1) Innovation quantity ( nn NI C ). It refers to the number of innovative posts 
posted by a user. We can use keywords such as “suggestion”, “addition”, “im-
provement” and other words to determine whether it is an innovative post, and 
summarize innovative posts like these. 

2) Innovation quality ( nn QI C ). That is, the degree of recognition, with the 
official label of posts, such as the number of elite posts ( 1X ), which is shown as 
a red mark in Figure 1, a post from Xiaomi community, to measure the degree 
of recognition of managers, and with the average score ( 2X ) to measure the de-
gree of recognition of other users. 

The measurement equation of A is as follows: 

1 1 2 2nn QI C X X= α +α                        (1) 

where 1α  and 2α  respectively represent the weight of official recognition and 
user recognition. 

Thus, Innovation capability ( nnI C ) is measured as follows: 

( )1 2 1 2 1 1 2 2nn nn N nn Q nn NI C I C I C I C X X= β +β = β +β α +α         (2) 

where 1β  and 2β  respectively represent the weight of official recognition and 
user recognition. 

3.1.2. Professional Capability 
Professional capability (PC) refers to the ability of users to express their accu-
mulated professional knowledge in community activities. When users participate 
in different topics of community activities, they can show their professional 
knowledge. This capability can be measured by the depth and breadth of know-
ledge that a user own. 

1) Knowledge depth ( DK ). It means the degree of expertise and depth of the 
user’s knowledge, which is reflected in the depth of the user’s knowledge of a few 
products or topics. If the user participates in the interaction with certain catego-
ries of topics, the greater the depth of the product’s vertical mining, that is, the 
greater the depth of knowledge. It can be measured by the average of each post’s 
professionalism ( PP ).  
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Figure 1. Official label of posts. 
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where KN  is the number of professional words, and nN  is the number of 
feature words after stopping words (i.e. the number of nouns).  

2) Knowledge breadth ( BK ). Refers to the richness and diversification of 
knowledge reserved by users, which is reflected in the breadth of product know-
ledge and topics involved by users. If there are more product knowledge catego-
ries involved in user interaction, the wider the product knowledge, the greater 
the breadth of knowledge. It can be measured by the number of different topics 
that users participate in. 

Thus, professional capability (PC) is measured as follows: 

3 4D BPC K K= β +β                      (4) 

where 3β  and 4β  are the weights of knowledge depth and knowledge breadth 
respectively. 

3.1.3. Influence Capability 
Influence capability ( nflI C ) is the influence degree of a user in interactive rela-
tionship network and social relationship network, which can reflect the position 
of users in interactive relationship network and social relationship network, and 
it can be measured by the betweenness centrality of interactive relationship net-
work and the of social relationship network, which can be measured by using 
Gephi (an open-source network analysis and visualization software package). 

1) Betweenness centrality of interactive relationship network ( ibI ). When a 
user participates in community interaction, he will form an interactive relation-
ship network with other users. The betweenness centrality of interactive rela-
tionship network can explain the degree of user influence in the interactive rela-
tionship network. 

2) Betweenness centrality of social relationship network ( sbI ). When a user 
establishes a direct social relationship with other users in the community, he will 
form an interactive relationship network with other users. The betweenness cen-
trality of social relationship network can explain the degree of user influence 
among friends. 

Thus, the measurement of influence capability ( nflI C ) is as follows: 

5 6nfl ib sbI C I I= β +β                        (5) 
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where 5β  and 6β  are the weights of the betweenness centrality of interactive 
relationship network and the social relationship network respectively. 

3.1.4. Active Capability 
Active capability (AC) is how active a user is in an online innovation communi-
ty, as measured by the total number of posts, replies, and online duration. Only 
active users can keep the OUICs sustainable development. 

7 8 9β β βP R DAC N N N= + +                     (6) 

where PN , RN , DN  are the number of posts, replies, and online duration; 

7β , 8β , 9β  are the weight respectively. 
In summary, user innovation value measurement model, 4C, is as follows: 

( ) ( )
( ) ( )

( ){ } ( )
( ) ( )

1 2 3 4

1 1 2 2 3 4

3 5 6 4 5 6

1 1 2 1 1 2 2 2 3 4

3 5 6 4 5 6

ω ω ω ω

ω β β β β

ω β β β β

ω β β α α ω β β

ω β β ω β β

nn nfl

N Q D B

ib sb ib sb

N D B

ib sb ib sb

IV I C PC I C AC

CC CC K K

I I I I

CC X X K K

I I I I

= + + +

= + +ω +

+ + +ω +

= + + + +

+ + + +

         (7) 

where 1ω , 2ω , 3ω  and 4ω  are the weights of innovation capability, profes-
sional capability, influence capability and active capability respectively. 

Finally, it should be stated that all variables can be obtained by using post in-
formation and user id data crawled by Python, and all the weight vectors 
( α,β,ω ) in the formula can be defined manually or determined by scientific 
methods such as analytic hierarchy process (AHP). 

3.2. User Classification Model 

To make full use of the innovation value of users in different stages of product 
development, in addition to understanding their innovation value, it is also ne-
cessary to understand the expertise that users are good at and the product de-
velopment stage that they often participate in. Users to participate in community 
activities are based on the different experience and professional knowledge, use 
different participation motivation. So companies want to realize the full exploi-
tation of users’ product knowledge and their innovative value at different stages 
of product development, they must identify the product knowledge owned by 
users and the product development stage that they often participate in on the 
basis of the measurement of user innovation value, and classify users to maxim-
ize user value. Therefore, based on the user innovation value measurement 
model (4C) constructed above, this paper combines the two dimensions of user 
participation topics and product development stage to form a three-dimensional 
user classification model, TIS model. 

Many researchers have divided the new product development activities that 
customers can participate in OUICs into several stages. For example, Kim et al. 
(2008) divided the innovation process of OUICs in which customers can partic-
ipate in three main stages: idea generation, product development and testing, 
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product listing and profit management. Füller et al. (2012) divided the open in-
novation process that customers can participate in into four main stages: gene-
rating ideas and problems, evaluating and selecting product concepts, expe-
riencing and testing new products, and communicating product value to cus-
tomer. On the basis of previous studies, this paper divides the product develop-
ment stage of users’ participating in into four stages: idea generation, design de-
velopment, product testing and product experiencing. 

When users participate in community activities, they will participate in dif-
ferent topics due to their different professional knowledge backgrounds. For 
example, some users are photography enthusiasts, so they give more feedback on 
camera function or pixel issues. Therefore, the dimension of professional know-
ledge is determined according to the topics and themes that each user partici-
pates in. 

Based on the above analysis, the schematic diagram of the three-dimensional 
model (TIS) is shown in Figure 2. The method of cluster analysis can be used to 
realize the classification of users. 

4. Conclusion  

In this article, we propose the measurement method of innovation value (4C), 
which comprehensively considers the innovation capability, professional capa-
bility, influence capability and active capability possessed by users. The identi-
fied users with high innovation value not only have innovative ideas, but also 
rich professional knowledge. Therefore, the innovative ideas he put forward are 
based on their rich professional knowledge. At the same time, his high-influence 
capability and high-active capability show that his innovative ideas have certain 
representativeness and dissemination power. This method can expand the re-
searchers’ definition of innovative users. 
 

 
Figure 2. Schematic diagram of TIS model. 
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The framework of user classification model (TIS model) we proposed pro-
vides theoretical guidance for user management in the online user innovation 
communities (OUICs), thereby improving the effective management and utiliza-
tion of users in the community and maximizing the value of their innovation 
value. In the previous user classification model, the product development stages 
and topics that users participated in were not considered sufficiently. But the 
knowledge contributed by different users in different product development stag-
es is different, because each user’s knowledge stock and innovation value are 
differences. Through the TIS model proposed by us, companies can stimulate 
users with high innovation value to participate in product innovation and 
achieve joint innovation based on the product development stage that users of-
ten participate in, as well as their expertise in certain aspects. In this process, the 
TIS model can also realize the effective integration of resources, which can help 
companies to fully integrate the resources of users, which are external innova-
tion subjects, to reduce the cost of product development. Meanwhile, the new 
developed products can also meet the needs of users and reduce the risk of 
product inconsistency with the market. 
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