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Abstract

:

Disruptive technology theory receives a lot of attention and has a significant influence on scholars and managers in approaching technology competition. Some studies have formalized the disruptive technology, investigating the mechanism and determinants of disruption. While some modern technologies are understood to be disruptive, they also exhibit increasing return to the adoption properties or network effects. However, how the network effects influence the disruption mechanism has only received little attention in the previous formal disruptive technology models. Therefore, in this study, we developed a formal model to investigate the dynamics of disruption by exploring the interaction of technology development, the consumer’s choice, firm’s decision, and structure of demand under the influence of different degrees of network effects. The model is simulated using agent-based software of the Laboratory for Simulation Development (LSD). We argue that weak network effects allow for different competitive outcomes (i.e., competitive isolation, convergence, and disruption), where the heterogeneity of the consumers’ preferences matters in determining the outcomes. Therefore, this study suggests that weak network effects enhance the likelihood of disruptive innovation, depending on the heterogeneity in customer preference. Strong network effects, however, lead to a winner-takes-all situation regardless of the heterogeneity in the consumers’ preferences.
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1. Introduction and Motivation


Since its introduction by Christensen in his seminal book the Innovator’s Dilemma in 1997, disruptive technology theory has had a significant influence on scholars and managers in approaching technology competition. While previous literature on technology competition has highlighted the displacement of established firms and technologies, which is driven by the superior performance of the entrants and new technology [1,2], the notion of disruptive technology offers the possibility that technology with inferior performance can displace or disrupt the incumbent.



After a careful review on some studies investigating the formal model in the mechanism of disruptive innovation, we identified a lack of the explicit formulation of the influence of the network effects in the formal model of disruptive innovation [3,4,5,6,7]. Previous studies have shown that many examples in ICT are disruptive technologies [8,9] that exhibit network effects, however, how the network effects influence the mechanism of disruption has only received limited attention. In this paper, we would like to place more attention on how the increasing return to the adoption or network effects will influence the likelihood of a potentially disruptive technology to disrupt the established technology. Therefore, we are motivated to combine these two streams of research by taking into account the network effects into the disruptive innovation mechanism. This purpose would be achieved by developing a formal disruptive technology model that explicitly includes the increasing the returns to adoption or network effects.



To investigate how the network effects influence the likelihood of disruption as well as determine the competitive outcomes, we employed agent-based modeling and simulation (ABMS). We formulated a model that incorporated technology development, the consumers’ decision, the firms’ allocation as well as the structure of demand as we were interested in simulating the interaction or interplay among these factors. This was our first objective. Our second objective was to identify the influence of the network effects on the likelihood of disruption as one of the competitive outcomes.



Aside from all of the other advantages and reasons for employing agent-based modeling and simulation, we were particularly interested in its extension possibilities. For example, in our study, we set up the consumers’ preferences and network effects as determining parameters among all of the other parameters. Depending on the requirements and purpose of the research, some parameters, which were exogenously and arbitrarily determined, can be turned into variables and endogenously generated. Another extension possibility could be to relax some strong assumptions such as the assumption of the perfect knowledge of consumers in evaluating the product characteristics.




2. Literature Review


2.1. Disruptive Technology/Innovation and Creative Destruction


Disruptive technology theory was advanced by Christensen in his famous book entitled the Innovator’s Dilemma in 1997. According to Christensen, disruptive technologies are technologies that provide different values from to the mainstream technologies and are initially inferior to the mainstream technologies along the dimension of performance, which is the most important to mainstream customers [10]. Christensen introduced the aspects of changing performance with time, plotted the trajectories of product performance provided by firms and those demanded by the customers for different technologies and market segments, and showed that technology disruption occurred when these trajectories intersected.



Each product based on disruptive technology could only serve a niche segment in its early stage. Further development could raise the performance of disruptive technology to a level sufficient to satisfy mainstream customers. Although improved, the performance of disruptive technology remains inferior compared to the performance of the established mainstream technology, which is also improving as well. Over time, the performance of mainstream technology will have exceeded the demand of the mainstream customers, resulting in a performance overshoot. The market disruption occurs when the new product (from disruptive technology) displaces the mainstream product in the mainstream market [8]. In their book The Innovators’ Solution (2003), Christensen and Raynor widened the scope of the theory into disruptive innovation to also include services and business model innovation [11]. Christensen et al. [12] clarified the theory’s core concept that had been misunderstood. Many writers and analysts have loosely used the concept to describe any breakthrough that changes the competitive landscape (i.e., Uber is not a disruptive innovation but seem to be a sustaining innovation) and argued that different types of innovation requires different strategic approaches.



Creative destruction is still used in hi-tech sectors to describe the idea of how innovation transforms the economy and society [13]. Schumpeter [14] coined “creative destruction” in his book Capitalism, Socialism, and Democracy as a metaphor for a series of processes that sometimes revolutionized the economy. Schneider [13] stated that these two theories of disruptive innovation and creative destruction were complementary, in a sense that Christensen’s theory is based on an analytical background with more inductive power at the microeconomic level and Schumpeter’s is supported by strong intuition and allows for a macroeconomic perspective.




2.2. Network Effects


When two or more technologies compete, the increasing return to adoption creates positive feedback (i.e., more adoption makes the technologies more familiar to the users and become more improved) [15]. This in turn makes the users adopt the technologies more and eventually creates customer lock-in. When two or more technologies compete for a market of potential adopters, an ‘insignificant event’ might favor one technology, make it achieve sufficient adoption, and eventually dominate, resulting in a winner-takes-all outcome. Arthur [16] provided a dynamic model that showed how insignificant or random a historical event influenced the selection of the market outcome of multiple equilibria. Lock-in might result in the inefficiency problem (i.e., the dominance of inefficient technology that prevents new better technology coming onto the market).



Arthur [15] suggested that the consumers (users) value a product or technology for two reasons: the intrinsic preference of the consumers (potential users), but also by the number of consumers (users) that have already adopted the technology. In other words, the intrinsic preference and the number of users determine the utility of a technology for new adopters. Arthur was specifically interested in the increasing returns to adoption where the utility of a technology for a new user increased with the number of users who had already adopted the technology (network effects).



This study focused on the demand side of the network effects. Related to disruptive innovation, the network of startups and companies on the supply side can also be found [17], investigating how a homogeneous and heterogeneous network might benefit startups pursuing low-end and new market disruption.




2.3. Review on Some Disruptive Innovation Models and Simulations


Some scholars have worked on formalizing disruptive technology theory and offered some theoretical insights of the mechanism and determinants of disruption [3,4,5,7,9]. Other scholars have formalized the technology competition dynamics in a manner similar to disruptive technology theory without mentioning the terminology [18].



Adner [3] emphasized a demand structure that determines the dynamics of disruptive technology and its impact on the competitive regime. He proposed preference overlap and preference asymmetry as new constructs that characterize different market segments and how these constructs lead to disruption as one of its competitive regimes. Based on field research, Vaishnav [6] offered his analysis on why a potentially disruptive technology failed to challenge the incumbent and dominant technology by looking at the technical, market, and organizational uncertainties. Building on an existing model of innovation diffusion, Mount [7] suggested that the development dynamics, preference structure, and demand structure had an effect on market disruption. Buchta et al. [4], in investigating the effect of the firm’s inertia and technology efficiency on the likelihood of disruption, developed a model that included technology, the market, and the firm’s decision.



This study focused on a previous study by Adner and Malerba [3,18], since they placed attention on the demand dynamics of competing technologies for adoption, as we attempted to do in our study. Adner [3] demonstrated how his proposed new constructs of preference asymmetry and overlaps determined the disruption in the hard-disk drive market. Malerba [18] investigated the role of consumers with different preferences and experimental users on the innovation and industry dynamics. They argued that the existence of a fringe market with different preferences and experimental users are crucial for new entrants to eventually become competitive in the main market. Although the model we developed here has some similarities with those, we propose some significant differences. Adner [3] developed a model for disruptive innovation and argued that demand structure in terms of consumers’ preference overlap and asymmetry determined the competitive outcome including competitive disruption. However, Adner’s model did not take into account the network effects in the consumer’s adoption decision. Malerba [18] investigated how consumers with different preferences created space for a new technology to be able to compete in the mainstream market segment. This model distinguishes itself from Malerba’s [18] model by incorporating the core and secondary functional characteristics as well as the cheapness characteristic of technological products. Hence, firms are allowed to develop their products at different trajectories in the product space as well as commit themselves to product and process innovation.





3. Methodology


3.1. Hypothesis Development


In this study, the first hypothesis is as follows:



Hypothesis 1.

Dynamics and the outcome of disruption are affected by the interplay between technological development, the consumer’s choice, the firm’s decision, and the demand structure.





Keller and Hüsig [19], in their work on developing an identification framework of disruptive innovation, argued that even if a potentially disruptive technology such as web application had the potential to satisfy the performance requirement of consumers in the mainstream segment, due to network effects, it was unlikely to pose a disruptive threat to established technology in the software industry. On the other hand, Vaishnav [6] suggested that while strong network effects can create a winners-take-all market, weak network effects might favor the entrant. In other words, he argued that the strength of the network effects might determine the outcome of the competition. Hence, we would like to propose the second hypothesis as follows:



Hypothesis 2.

The strength of the network effects influences the likelihood of disruptive innovation as one of the competitive outcomes.






3.2. Model Setup


3.2.1. Supply Dynamics


Firms develop their products in a two-dimensional product space consisting of characteristic 1 in the abscissa and characteristic 2 in the ordinate. Characteristic 1 might represent the core characteristic of the product such as the quality and characteristic 2 might represent the secondary characteristic such as convenience, ease of use, and portability.



The setup consisted of one group of firms that focused on developing their products in characteristic 1 (blue-shaded area), whereas the other group of firms focused on characteristic 2 (orange-shaded area), as illustrated in Figure 1 below. In the beginning, every firm is endowed with initial financing, and every firm commits to allocating the endowment fund into a product and process innovation. The share of the endowment fund allocation varies among firms. In every time period, firms that gain profit will allocate further into product and process innovation.



Product Innovation


Firms that pursue the technological frontier (i.e., the most advanced technology achieved by (other) firms) is a particular characteristic in the industry. When one particular firm is in the frontier, they will develop their own path of product development. Nevertheless, a firm may decide to focus more on one characteristic than on another (e.g., one firm develops a product along the product trajectory from 0 point to Z, and another firm develops along the other trajectory from 0 to Y). The product’s characteristics are defined as    v i   , where  i  = 1, 2. Hence,    v 1    denotes the functional characteristic 1 or the core characteristic, and    v 2    is the functional characteristic 2 or secondary characteristic, respectively.



Firms spend the initial endowment to conduct R&D and develop along each dimension—characteristic 1 (   v 1   ) and characteristic 2 (   v 2   ), according to the equations below:


   v  i t   =  v  i  (  t − 1  )    + Δ  v i  ,  



(1)






  Δ  v i  =  {      0 ,   i f   p r o d u c t   i n n o v a t i o n   u n s u c c e s s f u l       max  {   α i    ;    β i   (   L  i  (  t − 1  )    −  v  i  (  t − 1  )     )   }    i f   p r o d .   i n n o   s u c c e s s f u l        



(2)




where



   v  i t   =   characteristic  i  at time  t ;



  Δ  v i  =   change in characteristic  i ;



   α i  ∈  [  0 , 1  ]   ; improvement increment on characteristic  i  due to product innovation when the firm is in frontier;



   β i  ∈  [  0 , 1  ]  ;   improvement increment on characteristic  i  due to product innovation when the firm is pursuing the technological frontier;



   L  i  (  t − 1  )    =   technological frontier of characteristic  i  at    (  t   –   1  )   .



The probability  P  of product innovation success is determined by the allocation of the profit  π  for R&D expenditure,    R  p r o d u c t    .


  P  ( product   innovation   is   successful ) = 1 −  e  − γ (  R  p r o d u c t   )     



(3)




where



   R  p r o d u c t   =   R&D expenditure as a share of profit at:


  t  = θ ∗  π t    



(4)







 γ  = coefficient of probability function;



 θ  = constant fraction of profit for R&D expenditure.



Profit  π  is calculated in each period  t  as:


   π t  = M ∗ p − M ∗ k  



(5)




where



 M  = the number of products sold;



 p  = the product’s price;



 k  = the production cost.



Price  p  is obtained by adding a mark-up  μ  to cost  k :


  p = k ∗  (  1 + μ  )   



(6)







Cheapness is the inverse of price and defined as the third characteristic of the product,    v 3   ,


   v  3 t     =  1   p t     



(7)








Process Innovation


Firms allocate their initial endowment and later on their profit into process innovation to reduce the cost  k  by a negative value of   Δ k   if the process innovation is successful.


   k t  =  k  t − 1   + Δ k  



(8)






  Δ k =  {      0 ,   i f   p r o c e s s   i n n o v a t i o n   u n s u c c e s s f u l       −  e  − σ t   ,   i f   p r o c e s s   i n n o v a t i o n   s u c c e s s f u l        



(9)







The probability (P) of the success of process innovation is expressed in the equation below:


  P  ( process innovation is successful ) = 1 −  e  − ∅ (  R  p r o c e s s )       



(10)




where



   R  p r o c e s s   =   R&D expenditure as a share of profit at:


  t    =    (  1 − θ  )  ∗  π t    



(11)







 ∅  = coefficient of probability function.





3.2.2. Demand Dynamics


Minimum Requirement and Functional Benefit


Consumers are endowed with a set of minimum requirements (i.e., for an individual  j  is associated to a vector      m j   →  =  {   m  j , 1   ,    m  j , 2   ,      m  j , 3    }  )  , which means    m  j , 1     is the minimum requirement of consumer  j  for functional characteristic 1,    m  j , 2     is the minimum requirement of consumer  j  for functional characteristic 2, and    m  j , 3     is the minimum requirement for cheapness. The potential set for a consumer of all products  X  is    v  i , X   >  m  i , j     for all characteristic   i  .



Therefore, the functional benefit ( B ) that consumer  j  obtains from product  X  is defined by


   B  j X   =    (   v  1 , X   −  m  1 , j    )   a  ·    (   v  2 , X   −  m  2 , j    )   b  ·    (   v  3 , X   −  m  3 , j    )   c   



(12)




where coefficient a, b, and c represent the weight that a consumer places on the first and second functional characteristics, and cheapness




Consumer Utility and Adoption Decision


Consumers assess the products available on the market based on the product benefit,    B j   , which comprises their functional characteristics and cheapness as the inverse of price, and the share of consumers who adopt the product or network effect,    D  j  (  t − 1  )     .



In the utility function, we assigned a variable of adoption in a previous time period,    C  X  (  t − 1  )      to prevent a shift in adoption just because of the identical utility value, which is defined as follows:


   C  X  (  t − 1  )    =  {      0 ,   i f   X   i s   n o t   a d o p t e d   a t   t − 1       1 ,   i f   X   a d o p t e d   a t   t − 1          



(13)







Consumer  j  will adopt product  X  at time t, which gives the highest utility   U  , which is defined by


   U  X t  j  = q  B  j X   + n  D  X  (  t − 1  )   j  + s  C  X  (  t − 1  )     



(14)




where q represents the strength of the functional benefit; n represents the strength of the network effect; and s is a small constant.    D  X  (  t − 1  )   j    represents the network effect or number of adopters of product  X  at    (  t − 1  )   






3.3. Simulation Setup


The simulation was developed with the Laboratory for Simulation Development (Lsd), an agent-based simulation programming platform built on C++. Lsd was written by Marco Valente and developed to facilitate the use of computer simulations in economic research [20].



In Lsd, we set up a market that consisted of firms and consumers. Similar to Adner’s [3] approach, the supply side is represented by two firms competing in the market. It is, of course, a simplification, however, a firm in our simulation can be considered as representing a group of firms whose product characteristics are similar. Firm 1 can be considered as a group of firms that focus more on functional characteristic 1 and vice versa. Firm 1 and Firm 2 start from different initial conditions of their respective functional characteristics 1 and 2 as well as the magnitude of the development or improvement step of functional characteristics 1 and 2 as the result of product innovation, α1 and α2. Firms 1 and 2 conduct product innovation and the success of the innovation will determine the value of functional characteristics 1 and 2 at the next time period. Firms 1 and 2 also carry out process innovation and its success will determine the cost reduction and price accordingly at the next time period. Firms allocate the portion of profit, which influences the success probability of product and process innovation.



The market consists of two segments (i.e., mainstream and niche), hence consumers are either part of the mainstream or niche segment. We set up 250 individual consumers in the mainstream and 75 individual consumers in the niche segments, respectively. Consumers were characterized by their heterogeneity in the minimum requirements of functional characteristic 1, functional characteristic 2, and cheapness. The minimum requirements of functional characteristic 1 of the consumers were normally distributed with a mean of 75 and a standard deviation of 25. A similar setup was used for the minimum requirement of functional characteristic 2 of the consumers. For cheapness, the minimum requirements were uniformly distributed between 0 and 2. Every consumer evaluated the functional characteristics 1, 2, and the cheapness of the product technology provided by Firms 1 and Firm 2 at every time period. The consumer will only consider buying a product if it offers functional characteristics that exceed their minimum requirements and has a functional benefit.



Every consumer put weight either on characteristics 1, 2, and cheapness as a notion of consumer preference. We set up this weight as a power in the consumer’s benefit function. This way, we can set up the heterogeneity of the consumers preferences in a given segment. In our simulation, we initially set up homogenous and then heterogeneous consumer preferences in the mainstream and niche segments, respectively.



This functional benefit, together with the network effects, will determine the product’s utility that can be derived by a consumer. If both products have a positive utility value, a consumer will choose a product that offers a higher value of utility. In every time period, consumers make a purchasing decision. Consequently, Firm 1 and Firm 2 will recapitulate the product sold (i.e., number of adopters) at every time period. The number of products sold will subsequently determine the firms’ profit, and profit determines the sustainability of the product and process innovation for the next time periods, and so on.



Parameters indicating the strength of the functional benefit and network effects are stored in the object market. We adjusted the value of these parameters to investigate the influence of the weak and strong network effects on the performance of the firms in the mainstream and niche segments, respectively. We set up the parameter value for functional benefit q at 2.0, and set up the parameter value of network effects n was 0.75 for weak network effects and 4.0 for the strong network effects, respectively. This extreme setup in the parameter values of the network effects were conducted to obtain the differences in the weak and strong network effects, since fine and step-by-step adjustments in the parameter values of network effects resulted in relatively identical results.





4. Results


4.1. Homogenous Consumer Preferences


Homogeneous preferences were defined as all consumers in a given segment having the same preferences (e.g., all consumers in the mainstream segment put more weight on functional characteristic 1, whereas all consumers in the niche segment on functional characteristic 2). From an aggregate (market) perspective, however, we can say that the consumers’ preferences are heterogeneous. The setup of the simulation was to capture the idea of Christensen [21] by addressing a niche segment whose preferences were different to the mainstream segment. This similar approach was also used by Malerba [19] in investigating the role of experimental users and users with different preferences on innovation.



In this case, consumers in the mainstream segment put more weight on characteristic 1 than characteristic 2 (a = 2.0, b = 1.0), while consumers in niche segments did the opposite (a = 1.0, b = 2.0).



4.1.1. Weak Network Effect


In weak network effects situation (n = 0.75), the result is as expected, as shown in Figure 2 below. The parameter of benefit from the product characteristics (q) was maintained at the value of 2.0 across all simulations.



Firm 1 operates and dominates in the mainstream segment and Firm 2 in the niche segment. In this weak network effect situation, the consumer preferences in each segment matter, and therefore determine the competitive outcome (i.e., competitive isolation). The consumers’ minimum requirement of functional characteristics 1 and 2, which are normally distributed, determine the shape of the S-adoption curve either in the mainstream or niche segments.




4.1.2. Strong Network Effect


Firm 1 dominates the mainstream as well as the niche segment in the situation where the network effects are strong (n = 4.0). Even if all consumers in the niche segment put more weight on functional characteristic 2 than functional characteristic 1, whereas all consumers in mainstream segment did the opposite, eventually, all consumers in the mainstream and niche segments adopted the product technology of Firm 1 due to the strong network effects, as shown in Figure 3.





4.2. Heterogeneous Consumer Preferences


4.2.1. Weak Network Effect


In a previous scenario of homogenous preferences, all consumers in the mainstream segment put more weight on functional characteristic 1 than on functional characteristic 2; and vice versa for all consumers in the niche segment.



The heterogeneity of preferences in the mainstream segment was introduced by modifying the proportion of consumers who had different preferences. Initially, all consumers in the mainstream segment put more weight on functional characteristic 1 than functional characteristic 2. Then, 50 (out of 250) consumers were set up to put more weight on functional characteristic 2 than 1 by setting up a = 1.0 and b = 2.0. The focus was the adoption of product technology from Firm 2 in the mainstream segment. In the niche segment, the homogeneity of consumer preference toward functional characteristic 2 was maintained. The parameter of functional benefit q was set at 2.0 and the parameter of the network effects n was 0.75. The results are as follows.



The results in Figure 4 show that some consumers in the mainstream segment adopted product technology from Firm 2. Firms 1 and 2 both co-existed in the mainstream segment (i.e., competitive convergence), while Firm 2 kept operating in the niche segment.



The proportion of consumers in the mainstream segment whose different preferences were adjusted to be larger, where 140 consumers were set to put more weight on functional characteristic 2 than functional characteristic 1 by setting parameter a = 1.0 and b = 2.0, as previously conducted. There was no adjustment for the consumers in the niche segment, neither the parameters of functional benefit q nor the network effects n. The results are shown in Figure 5.



Now, in the mainstream segment, more consumers adopt product technology from Firm 2, while Firm 2 maintains its operation in the niche segment. This result suggests competitive disruption since the product technology of Firm 2 is adopted more than the product technology of Firm 1.




4.2.2. Strong Network Effect


Similar to the case of homogeneous preferences above, Firm 1 dominated the mainstream as well as the niche segment in the situation where the network effects were strong (n = 4.0). Even if all consumers in the niche segment had a preference toward functional characteristic 2 that was higher than functional characteristic 1, and consumers in the mainstream segment were characterized by heterogeneous preferences, eventually, all consumers in the niche segment adopted the product of Firm 1 due to the strong network effects, as shown in Figure 6.



A multi-segment market with homogeneous preferences in a weak network effects situation allowed for a competitive isolation outcome. A multi-segment market, in this study, was meant to be a market consisting of the mainstream and niche segments. A multi-segment market with homogeneous preferences is when the consumers in the mainstream segment have uniform preference toward certain product technology characteristics, whereas consumers in the niche segment also have aa uniform preference albeit toward different characteristics.



The simulation results showed that only when the network effect is weak may competitive isolation occur. Competitive isolation suggests that consumers in the mainstream market adopt product technology with a certain characteristic whereas consumers in the niche market adopt product technology with the other characteristic. From the supply-side perspective, Firm 1 operates in the mainstream segment while Firm 2 works in the niche segment in isolation. However, in the market with a homogeneous preferences situation and the network effects are strong, monopoly occurs. Firm 1 dominates in the mainstream and niche segments together. This is a situation similar to Arthur’s model where the winner takes all.



A market with a heterogeneous preference situation and weak network effects allows for competitive convergence and competitive disruption to occur. The heterogeneous preferences situation refers to the situation where consumers in the mainstream segment have different preferences (i.e., part of them have a preference toward characteristic 1 and part of them have a preference toward characteristic 2). Competitive convergence occurs when Firm 1 and Firm 2 both co-exist and operate in the mainstream segment. This result confirms the notion of the role diverse preferences that allows new firms with new technology to survive, as argued by Malerba [18].



At some point, when the consumers in the mainstream segment whose preferences for functional characteristic 2 are larger than 1, competitive disruption might occur in the market with heterogeneous preferences and a weak network effects situation. For the simulation purpose, the proportion of consumers in the mainstream segment whose different preferences was set up exogenously; the sources and mechanisms of changing the consumers’ preferences were not addressed since they were out of the scope of this study. In the literature, the changing preferences of consumers can be derived from psychological research, although recently, economists have discussed the relevance of the preference change into economic research [22,23]. The situation of strong network effects, however, leads again to a monopoly, regardless of the heterogeneity of the consumers’ preferences.






5. Discussion


5.1. Lock-in and Heterogeneity of the Consumers’ Network Effects: A Discussion


In the discussion, we would like to touch on the issue of lock-in since it is one of the competitive outcomes in our simulation. When strong network effects yield an identical result of a winner-takes-all situation and consumers are locked into one technology, the question is how to prevent such lock-in or, which situations can avoid lock-in from occurring? Heterogeneity in the consumers’ preferences does not seem to be to overcome the strong network effects. However, real life examples have shown us that despite the presence of network effects, competing technologies can operate simultaneously in the same market (multiple equilibria).



In a typical economic model, Shurmer [24] pointed out that network effects are assumed to be uniform across all consumers. In his empirical study of software program applications, he further argued that network effects vary among consumers since the network effects are derived from different sources. Albeit popular examples such as the domination of the QWERTY keyboard or alternating current on the technology of the electric light and power system in U.S. and Europe [15,25], he described his casual observations of competing product technologies with network effects that co-exist in the market such as WordPerfect and WordStar, which dominated the word-processing market in the UK in the early 1980s. He showed that the network effects of any software packages were derived from several sources including add-ons, books, training courses, and so forth. He also found that the relative importance of each source varied across different types of users. Therefore, he introduced the notion of the heterogeneity of network effects across individual consumers.



In our study, strong network effects were represented by parameter n, which had a value of 4.0 (while the functional benefit parameter q derived from the product features had a value of 2.0) across all consumers in the mainstream as well as in the niche segment. The variety of the network effects among consumers means that every consumer has their own strength of network effects according to the strength of every component of the network effect, as explained above. Applying this to our simulation, we may set the network effects of every consumer in the mainstream and niche segments as random values that are uniformly distributed between 0 and 4; hence the average network effects for all of the consumers’ value will be 2.0, which means relatively low or weak network effects. Weak network effects allow for competing technologies to co-exist in the market, or in other words, avoid lock-in. Cantner and Vanuccini [16] addressed the notion of escaping lock-in by the presence of the users’ heterogeneity. With our result, we might be able to refine the notion of the users’ heterogeneity to not only be heterogeneous in the users’ preferences but also heterogeneous in the network effects across the users or consumers.



Following on from the line of thought above, heterogeneity in the network effects across consumers allows for weak total network effects, and subsequently allows for multiple equilibria to occur. Strong network effects might suggest that the heterogeneity of network effects across consumers is not present. To investigate why and how this is the case might be good for future research directions.



Previous empirical studies have provided actual examples of how strong network effects prevent disruption. Keller and Hüsig [19] analyzed how Google’s web-based office applications had a small likelihood of disrupting the established Microsoft’s desktop office applications due to strong network effects. Vaishnav [6] observed that while some technologies in the information and communications sector (e.g., P2P service providers) caused major industry changes and showed a promising prospect of disruption, other technologies (e.g., open source software and Wi-Fi mesh network) showed no sign of causing industry disruption.




5.2. Limitations


In this study, it is the total number of users in the population or global network that influences any individual’s utility derived from a product, and subsequently influences their adoption decision. The underlying assumption is that any individual consumer is connected to every other individual in the population. This is, of course, a strong assumption, since we observed that in reality, the decision of any individual might be influenced only by the local network (e.g., family, friends, or working colleagues). This limitation could pave the way for future research endeavors. In the next step, the assumption will be relaxed and further steps will be taken by considering the local network in the adoption decision of consumers. In so doing, the incorporation of social network analysis and the utilization of the complex network structure such as a small-world network will be conducted. It will be interesting to see how the network structure influences the competitive outcome and likelihood of disruption.



Second, an assumption of perfect knowledge by consumers in evaluating the product characteristics was employed. Again, this must be a strong assumption because more often than not, consumers do not have perfect knowledge of the product characteristics. The reasons for the consumers’ knowledge imperfection could be because consumers have limited access to information or they have the lack of time to conduct proper research, or they are just being lazy because they think it is not worth the effort [26]. Addressing the consumers’ imperfection of evaluating the product characteristics in the realm of the bounded-rationality concept would be an exciting future research direction.



Third, empirical validation is lacking in this study. Case studies where disruptive technologies work in different degrees of network effects situation, along with the corresponding competitive outcomes, might be preferable to provide empirical support.





6. Conclusions and Recommendations


The first hypothesis was addressed by incorporating technology development, the firms’ allocation and actions, the consumers’ decision, and the structure of demand in the model. The hypothesis was also addressed by running a simulation that performed the interaction between the firms and consumers in the market segments and interplays between the market segment preferences and different degrees of network effects.



The second hypothesis was tested and by the simulation results, it was argued that a weak or low degree of network effects allows for different competitive regimes to occur (i.e., competitive isolation, convergence, or disruption). Heterogeneity in the consumers’ preferences matter and influence the competitive outcomes. Competitive isolation, where two product technologies operate in their own segment, results when consumers in a segment possess homogeneous preferences toward one product technology. Competitive convergence, where one product technology operates not only in its own segment but also in the other segment, creating a situation where two product technologies co-exist in a segment, results from the heterogeneity of the consumers’ preferences. Competitive disruption occurs when product technology from the niche segment manages to become adopted more in the mainstream segment, and results when the proportion of the consumers’ preferences toward ‘new’ product technology becomes larger in the mainstream segment. Strong network effects, on the other hand, will always lead to a winner-takes-all and eventual lock-in situation.



New entrants or startups might start from a niche, targeting a specific type of consumer segment. Since the weak network effects allow for competitive convergence, where two or more players can operate in the mainstream segment, startups with new technology might be able to penetrate the mainstream market through a certain business model and enjoy a portion of the market share. Not only the performance of the new product technology that needs to improve and eventually be at par with the incumbent, but disruption to the mainstream market, however, might be determined by the heterogeneity of the consumers’ preference, that is, allowed by the shift in consumer preference (e.g., preference toward green products).



Incumbents that currently dominate the mainstream market, on the other hand, need to be aware of their existing customers. Lock-in and strong network effects might help to retain their leadership position in the market, however, a shift in customer preference might need to be considered and anticipated early on to defend from disruptive threats.
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Figure 1. The product development areas in the product space. 
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Figure 2. Competitive isolation, Firm 1 operates in mainstream and Firm 2 operates in niche segments when the network effects are weak and the preference in each segment is homogeneous. 
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Figure 3. Firm 1 dominates in the mainstream and niche segments when the network effect is strong (the consumers’ preferences in each segment are homogeneous). 
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Figure 4. Competitive convergence, Firm 1 and Firm 2 both operate in the mainstream segment while Firm 2 operates in the niche segment (the network effect is weak and the preference in the mainstream segment is heterogeneous). 
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Figure 5. Competitive disruption, Firm 2 overtakes Firm 1 in the mainstream segment, the network effects is weak, and the preference in each segment is heterogeneous. 
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Figure 6. Firm 1 dominates in the mainstream and niche segments when the network effect is strong (the consumers’ preferences in the mainstream segment are heterogeneous). 
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