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Abstract - Current major shift in innovation and product development approaches, and the rise of the World Wide Web. Has 

facilitated collaboration between people, to design and to develop products via online platforms. Based on Social Network 
Analysis, this paper provides insights about the interaction structure in the open design projects through graphical 
visualization of the social interaction in addition to several network’s indicators. Aiming to distinguish and predict project 
progress based on its social network characters. Also, the work on this research extends to propose that both lead users and 
opinion leaders are vital to the success of product development in an open design paradigm. Hence, based on prior research 
users’ types have been identified according to their network position. In addition, this work proposes a formula to estimate 
the percentages for each of user’s type that participated in each project phase. It has been found that for open design projects 
the main influencers are the opinion leaders. Also, our results indicate that some users can possess both characters as opinion 

leaders and lead users. Additionally, results showed variations in social network graph and characters during different open 
design project’s phases. 
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I. INTRODUCTION 

 

The open approach is rooted in open source software 

and the free software movement. Due to  easy access 

to efficient internet and the global digitization [1], 

this phenomenon has spread to other fields beyond 

the software field, famously the open design and open 

hardware [2], which is aiming to develop physical 

products. The term open design as defined by Geyer 

et al. “The openness of all accompanying documents 

in a product development process, with the aim of 
collaborative development of tangible objects” [2].  

Open design “openness” character is found during the 

process of the project and its outputs [1]. Hence, the 

open approach encourages collaboration between 

participants, through freely sharing information and 

knowledge [3], and this ability of distributed 

individuals to participate has become viable due to 

the advancements in Information and Communication 

Technology (ICTs)  [4]. 

 

Having a robust web platform is critical to the 
success of any open design project, a well-managed 

platform that foster collaboration between 

participants is essential [5], since communication and 

interaction between the online community are very 

important to a successful project[6]. In this virtual 

medium where everyone from anywhere can 

participate by freely sharing their knowledge, 

opinions and collaborate with each other to develop a 

product, to maintain interconnectedness and 

innovation in open source projects, relationships 

between community members should be investigated, 

and the influential members should be identified.  
The extent of research has shown us important 

individuals, has a significant location in the social 

network. Hence, using Social Network Analysis can 

help to allocate these individuals. Centrality measures 

are famously used to identify the influential nodes in 

the social network graph [7], and it has been used in 

many previous pieces of research. 

This paper builds on previous research in 

distinguishing two types of users in an online 

community: opinion leaders and lead users, based on 

their network position. The research in this paper 

extends the work to estimate the percentage of two 

types of users in each project phase, to identify the 

percentage of each user type required for project 

completion and to identify the most influencer user 

type among both. 
 

II. LITERATURE REVIEW 

 

Social Network Analysis (SNA) 

A social network can be defined as “A social 

structure consists of individuals or organizations 

called "nodes," which are connected to other nodes 

through specific types of connection, such as 

friendship, kinship, common interest, financial 

exchange, dislike relationships, or relationships of 

beliefs, knowledge or prestige”[8]. This social 
network can take a form of the social relation 

between individuals in a real community, and it could 

take a form of social relations built on the virtual 

community on the internet. Many people have built 

social relations by using the internet; this virtual 

community has become a major platform for 

individuals to connect socially and share knowledge 

and information [9]. This virtual community is 

similar to the real community; hence the social 

structure of this virtual community can be analyzed 

and interpreted to explore its connectivity and 

structure. 
Social network analysis utilizes the concepts of 

network theory to investigate social interactions, as 

consisting of nodes and ties (also, can be called 

edges, or links). Nodes are the individual within the 

networks, and ties are the relationships between these 
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actors. SNA is a set of techniques to analyze the 

structure of a social community based on 
characteristics of the network of interactions in the 

community. Social network analysis provides both a 

visual and mathematical analysis of community 

relationship [9]. By constructing graphical 

representations of networks, we will be able to 

understand how the network is organized, and the 

type of exiting interaction between the social groups. 

Social network analysis has been used by many 

researchers and analysts throughout the years [9], 

uses a variety of Social Network Analysis (SNA) 

techniques to investigate the relationship between 

students on online learning forum for North 
University of China, the analysis aims to describe the 

construction of a community network and identify the 

opinion leader’s position in the network. In one 

research they used different (SNA) indicators such as 

network density, and centrality measures to analyze 

the interaction between actors in an online forum for 

the professional development of Portuguese speaking 

teachers[10]. Other proposes a novel weighted 

approach to identify opinion leaders by using 

different centrality measures[11]. While other 

research examines collaborative networks for 
innovation contests to evaluate the effectiveness of 

using centrality measures to identify key 

innovators[7]. 

Lead users and Opinion leaders in social network 

The concept of opinion leadership and the lead user 

are widely used in business and innovation networks. 

Previously, opinion leaders and leading users are 

being identified using questionnaires or observed 

behavior [12]. With the growing diffusion of 

electronic networks, spotting opinion leaders and lead 

users based on network data is more convenient than 

the previous mentioned approaches. 
The extent of research has showed us that important 

individuals have a significant location in the social 

network, hence using social network analysis can 

help us to allocate these individuals, centrality 

measures are famously used to identify the influential 

nodes in the social network graph [7], and it has been 

used in many previous pieces of research. 

The extent research has shown that both lead users 

and opinion leaders induce the diffusion of 

innovation [13]. Also, both are knowledgeable in 

their respective specialties [12]. Hippel describes lead 
users as users who face needs ahead of time from 

their peer users and will benefit from finding 

solutions to their needs. Thus they can be integrated 

into new product innovation and development[14]. 

Also, opinion leadership is considered to be an 

essential characteristic of innovators. Also, opinion 

leaders are more familiar with the product [15], and 

tend to diffuse information about it [16]. Hence, they 

have more connection and influence on their social 

environment. Combining these two roles is a key 

factor for successful product development, as 

consequences identifying individuals with these 

characters is essential. The research showed that lead 

users and opinion leaders positioned differently in the 
social network, Kratzer research on public school 

children, concluded that lead users can be detected by 

betweenness centrality while opinion leader by 

degree centrality[13]. Other work in marketing and 

management among Berlin-based veterinarians, they 

reconfirmed that degree centrality can be used to 

identify opinion leaders[12]. Also in further work, he 

validated his founding by using different empirical 

settings. He conducted three studies, from high 

school classes to 14 real-world lead users projects, 

and lastly a lead project user by Airbus using an 

online forum, the results confirmed that individuals 
with high levels of betweenness centrality in the 

online forum are a viable finding to lead users in the 

real world [17]. 

The extent research did not investigate the nature of 

users participating in the different project phase, 

particularly for open design projects of developing 

physical products. Hence, there is a lack of 

understanding of what kind of participants are 

required to complete the project successfully. Thus in 

this paper, this matter was investigated. Kratzer’s 

approach is adapted to identify lead users and opinion 
leaders in the open design projects for product 

development. 

 

III. METHOD 

 

In this paper, Social Network Analysis (SNA) is 

employed to identify different user’s types who 

participated in the online platform for product 

development using indexes of degree centrality and 

betweenness centrality. Also, another index was used 

such as network density and overall network 

visualization which is vital to represent the existing 
connection between the community actors. 

Data set and tools 

The present study is conducted on 3 projects that 

have been accomplished by open design paradigm via 

an online platform, the projects’ design hosted by the 

company “Local Motors”. Local Motors is an 

American motor vehicle manufacturing company, 

founded in 2007.  The company adapts open 

innovation and open design approach to leverage 

ideas from the crowd anywhere, by using a 

crowdsourcing platform. The data for this research 
study was previously collected using (Gooseeker) 

crawling software to extract information from the 

website. Three cars development projects’ data were 

collected from LM labs, the names of the projects are: 

LM-SF, Rally Fighter (RF), and 3D printed car. 

Participants contributed to various tasks, ranging 

from simple ones like naming the car to complicated 

ones like participating in car designing contests.  In 

our study, the project has been divided into 4 phases: 

Project establishment, project start-up, project 

development, and project end. Based on the activities 

the project positioned at. Project establishment 
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contains events related to setting up the platform for 

the current project, like creating threads topics. 
Project start-up witnesses the start-up of the car 

design challenge between participants. Project 

development is dedicated to activities related to 

manufacturing, printing and some designing related 

activities. Project end is the part of the project which 

includes activities related to further development, and 

updates related to printing, painting, and testing, and 

auto shows information. It’s worth mentioning that 

each project’s phase varies in their time range, data 

and number of participants. 

In this study, a relationship network between the 

participants in an open design project was established 
based on common activities (activities related to 

product development throughout the project). To 

accomplish that, firstly a two-mode matrix (users-

activities) was generated, then it was transferred to 

one mode matrix (users-users) where users were in 

relationships when both contributed to the same 

activity[18]. Based on that a graph visualizing of the 

relations between users resulted, for each phase of the 

project for the three projects. A graph let’s say G has 

a set of nodes N= {n1,n2,…ng}, and a set of lines 

L={l1,l2,..lL} [8].  The nodes are called vertices and 
the lines are called edges. In this study, the nodes are 

the participants in the platform, and the ties are their 

relationship based on a common activity. 

The analysis is conducted using R Studio, which is 

open source software for statistical computing and 

graphics. 

Network density 

The density of a network graph is the ratio of the 

number of edges and number of possible edges [8], 

when the density is higher it means the connectivity 

among the nodes is better [19]. 

Graph Density = 
𝑛𝐸

𝑛𝑃𝐸
                                  (1) 

𝑛𝐸 means the number of edges, 𝑛𝑃𝐸  means a number 

of possible edges. 

Degree Centrality 

Degree centrality of an actor can be viewed as the 

number of ties the actor has with the other actors, 

which makes him an influential and central actor, 

based on prior research, individuals with high levels 

of degree centrality can be identified as opinion 

leaders since opinion leaders prefer to diffuse their 

knowledge and influence on others, as a consequence, 

they have more direct contacts with their peers [13], 
on the other hand, an actor with low degree centrality 

can be recognized as marginal in the network and not 

very active [8]. In a directed network graph, degree 

centrality can be divided between in-degree and out-

degree, for our study the network graph is undirected, 

hence total degree centrality for a node has been 

measured. 

In order to obtain the number of opinion leaders for 

each phase of projects, degree centrality for each 

node has been calculated, then the average degree 

centrality for all nodes has been figured, the nodes 

“users” with higher degree centrality than the 

calculated average is considered to be an opinion 
leader in the platform. 

For a graph G=(V, E) with V vertices and E edges, 

the degree centrality of a vertex v [20] is defined as 

 𝐶𝑑 𝑣 = deg(𝑣)                                       (2) 

The proposed formula to obtain the number of 

opinion leaders in the platform can be represented as 

The 𝐶𝑑  of opinion leader equals: 

𝐶𝑑>
1

𝑛
  𝐶𝑑(𝑣𝑖)𝑛

𝑖=1                                   (3) 

 

Betweenness Centrality 

Betweenness centrality is viewed as the number of 

shortest paths that pass through a given actor in a 
network [17], higher betweenness centrality means 

the actor lies between many actors on their geodesics 

[8]. Prior research results showed that individuals 

who are positioned between different groups in the 

social network, meaning they have a high level of 

betweenness centrality can be identified as lead users 

since lead users use diverse knowledge to develop 

their ideas and solutions [17][13]. Also to obtain the 

number of lead users for each phase of projects, 

betweenness centrality for each node has been 

calculated, then the average betweenness centrality 

for all nodes has been figured, the nodes “users” with 
higher betweenness centrality than the calculated 

average is considered to be the lead user in the 

platform. 

For a graph G=(V, E) with V vertices and E edges, 

the betweenness centrality [21] of a vertex v is 

defined as 

B(v)= s≠v≠t  
σst (v )

σst
                                      (4) 

Where 𝜎𝑠𝑡  is the total number of shortest paths from 

node s to node t and 𝜎𝑠𝑡(𝑣) is the number of those 

paths that pass through v. 

The proposed formula to obtain the number of 

opinion leaders in the platform can be represented as. 

The betweenness of lead users B(v) equals: 

B(v) >
1

𝑛
  𝑖=1

𝑛 ( 𝑠≠𝑣≠𝑡  
𝜎𝑠𝑡 (𝑣)

𝜎𝑠𝑡
)                     (5) 

 

IV. RESULTS 

 

Network visualization 

Users’ relation network throughout the stages of 

product development is illustrated in the below graph. 

As Figure 1, illustrates, for (Start-up) and 

(Development) phases the overall network looks 

denser in comparison to other phases. The network of 

the two phases includes many network hubs. These 

network hubs indicate nodes (users) with a large 

number of contacts with other nodes (users), meaning 

users in the platform were connected and 
experiencing a high level of interaction and 

collaboration between them. However, the start-up 

phase for RF project has lower network hubs 

appearance. For the (Establishment) phase, the user's 
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network looks distributed with no significant network 

hubs. But there are low to no isolated members, even 
though the overall network seems scattered. 

However, it looks denser for the LM-SF project, since 

it has a large number of participants in comparison to 

the other projects. The (End) phase’s overall network 

for the three projects generally looks scattered and 

have a higher number of isolated nodes in the 
network, these isolated nodes indicate isolated 

members in the open design community, in the 

context of this platform these users did not have any 

interactions with other members in the platform. 

 

 
Figure 1: Users' Social Network during Project's Development 

 

Density 

Figure2, illustrates the number of participants and 

graph network density for each project phase for the 

three products. For the three projects, the number of 

participants at the establishment phase is the lowest 

since this phase is generally for creating a base and 

setting up the required threads for different activities, 

such as “creating a topic” and label each topic 

according to the activities required, hence the 

involvement of the participants is not intense. For the 
second phase (project start-up) the number of 

participants notably increased, since the design 

contest starts upon this phase, and more car enthusiast 

motivated to participate in the design contest. That 

could be for many reasons, firstly the prize of 

winning the contest, secondly the design will be 

considered by Local Motors manages and put forward 

for prototyping, and it could be for others to gain 

recognition in the platform among other car designers 

and experts. Moving to third phase-project 

development- participants numbers also increased as 
in this phase also includes some activities related to 

the design and activities related to manufacturing, and 

these can be appealing to car enthusiasts and experts. 

However,, (LM-SF) project showed a slight drop in 

numbers. However, the project end for this project 

(LM-SF) has the highest numbers of participants 

unlike the other two projects, it could be explained as 

the project become known to large numbers of car 

enthusiast by the end of the project. As a general 

trend for the number of users throughout different 

projects’ stages, we can conclude that the number of 

participants increases as the project progress 

throughout phases. Since the second and third phase 

includes more complex activities related to the design 

and manufacturing of cars, and by the final phase, the 
project attracts more car fans and experts to engage in 

the platform. Whether for inquiries or get updated 

about the progress of the project. Network density 

represents the connectivity and activity of the 

network. 

The density of the network is generally higher for the 

first two phases of the three projects, indicating that 

participants were working more collaboratively and 

the network is more active during these phases. This 

could be interpreted as at the beginning of the project 

there was more communication (ties) between 
participants in terms of queries, proposing new ideas, 

improving suggested ideas by other, and 

brainstorming, also during design contest participants 

tends to comment on each other designs and provide 

some recommendations. However, progress in the 
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project lowered the connectivity of the network, as 

tasks get complicated or participants lost enthusiasm 
to proceed. Also, the reduction of density can be 

caused of increasing number of participants with 

lower connection between them, which influenced the 

density results. 

 

These findings are consistent with network 

visualization, stating that the first three phases are 

most active phases for open design network, 

particularly (start-up and development phases). Since 

activities during these phases are related to car design 

contest and manufacturing. Hence more collaboration 

is required to find solutions and complete the 
different tasks. 

 

 
Figure 2: User's Social Network Characteristics 

 

User’s Type 

After the social network is constructed for Local 
Motors users. Centrality measures can be determined 

using different R codes in R studio. As Kratzer's 

method illustrated in the above section, degree 

centrality was employed to identify opinion leaders, 

and betweenness centrality was employed to identify 

lead users. 

After calculating degree and betweenness centrality 

measures for all users. equations (3) and (5) was 

employed to estimates the percentages of different 

users type who participated during different phases of 

the project. The equations are basically to find the 
number of users who obtain higher scores than the 

average degree and between centrality. These users 

with higher scores than average are considered to be 

lead users and opinion leaders. Other users below the 

average are neglected. Graphs no.3, 4 and 5, represent 

the percentage of the two users types that were 

identified in the social network based on their 

network positions, lead users and opinion leaders. 

It can be concluded, that during each phase for the 

three projects, it requires to have a higher percentage 

of opinion leaders than lead users, in other words, the 
primary influencer in open design project community 

are opinion leaders. Open design projects launching 

and sustainability needs influencers such as opinion 

leaders to increase the frequency of discussion, hence 

to increase the platform traffic. The requirement for a 

higher percentage of opinion leaders can be noticed in 
the first three stages of the projects, in these phases a 

higher rate of opinion leaders participated in speeding 

up the innovation diffusion, and the process of 

product development, on the other hand, the 

percentage of opinion leaders declined during the end 

phase of the projects. This is expected, since this 

phase took place after the car designing competition, 

and the activities usually include some new users 

inquiries, future possibilities, and updates related to 

the project. Even though the requirement for opinion 

leaders are strongest in open design projects, lead 

users also considered as valuable assets to the open 
design community, the highest percentages of lead 

users was found during the start-up phase among the 

three projects. As previous studies showed that lead 

users combine knowledge from diverse fields [56], in 

order to come up with solutions and new inventions,  

where during Start-up phase which is the launch of 

car designing competition. Hence, it requires 

knowledge in a different domain and a high level of 

innovation skills. This combination of diverse 

knowledge comes from the position of the lead users 

in the network, the ones with highest betweenness 
centrality, means they are bridging different groups 

together, as consequences having access to different 

information. 

 

 
Figure 3: LM-SF Project User's Type Percentages 

 

 
Figure 4: 3D Project User's Type Percentages 
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Figure 5: RF Project User's Type Percentages 

 

Our research result also indicates that even though 

lead user and opinion leader have a distinctive 

position in the network, the same user can actually 

possess both characters. In other words, the user can 

be identified as an opinion leader and lead user, 

which means the user has a high value of both degree 

centrality and betweenness centrality. Table 1 below 

illustrates the top five opinion leaders and lead users 

for the 3D print project during the establishment 

phase. The result shows the same top-ranked user 
with highest betweenness centrality and degree 

centrality identified as both lead user and opinion 

leader. Also, we can observe the same users ID for 

both users type classification but with a different 

ranking. This result is also found in other phases for 

all projects. The number of lead users and opinion 

leaders are to be found for each projects according to 

equation 3 and 5. 

 

Top 5 lead users Top 5 opinion leaders 

Users ID 
Betweenne

ss       score 
Users ID 

Degre

e 

score 

Burhop 475 Burhop 31 

MattJackson 175 Nllanos 26 
Gibus 129 MattJackson 22 

Nllanos 92 Jearle 18 

Vasilatos_ian

is 
44 

Phillysteak52

7 
17 

Table 1: 3D Project Establishment Influential Users 

 

V. CONCLUSION 

 

In this paper, social network analysis was employed 

to analyze three projects implemented using open 

design approach. The characteristics of each phase for 

the three projects were distinguished. This paper also 

proposes the necessity of having two types of users in 

the platform to complete the project successfully, for 

that Kratzer’s method was implemented for the 

analysis of these three projects to point out opinion 

leaders and lead users. In addition, to proposing a 

formula to find out the percentages for each users 

type in each project’s phase. 

The overall results showed a gradual increase in the 

number of participants as the project progress. 
However, network density index was generally high 

for the first three phases and particularly high for the 

first phase. Indicating more connection and 

collaboration occurred during these phases. Users’ 

relation network graph, showed a denser network 

with many network hubs for the start-up and 

development phases. However, the user’s relation 

network graph for the establishment phase was 

scattered with a lower number of isolated nodes. And 

the End phase witnessed higher numbers of isolated 

nodes. This result is predictable, for the reason that 

the majority of technical and designing related 
activities occurred during these phases, where users 

share, discuss and exchange thrilling ideas for car 

designing and manufacturing.  Also, the results of this 

research showed the most influencer users in the open 

design network community, is the opinion leaders. 

Opinion leader character role existed with high 

percentage throughout all project’s phases, for the 

three projects, denoting that opinion leader’s 

character role is the most influential in the 

community network. Based on opinion leaders 

influential character we expect them to exhibit 
popularity among users in this kind of innovative 

network, where direct contacting and exchanging 

information is critical to foster collaboration.  This 

should be considered as vital findings, as it will 

provide a guide for further research to be 

implemented in building a motivational model in 

order to integrate the required type of users for each 

project’s phase, according to users characters. This 

motivation model will target the characteristics for 

each users’ type in order to attract them to participate, 

in addition, to motivate them to provide a sustainable 

contribution to the platform. 
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