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VHS Cassette 

[1]

[1] https://en.wikipedia.org/wiki/Videotape_format_war#/media/File:VHS_vs_Betamax_size.jpg

Betamax Cassette 
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[2] https://www.digital-scrapbooking-storage.com/beta-tapes.html
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[3] https://www.cnbc.com/2019/11/08/the-death-of-the-dvd-why-sales-dropped-more-than-86percent-in-13-years.html

[3]
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Innovator’s Dilemma

⇨ Displace Incumbent Technologies in Market

Mathematical Modeling Tipping Point 

Including Resilience Index

Impact Assessment and Simulation

[4] C. M. Christensen, The Innovator's Dilemma. Cambridge, MA: Harvard Business School Press, 2013.

[4]
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Figure 4: Simulated Disruption of the Camera Market with Simplified Self-
Dynamics 
 
The model and parameters that gave a good fit to this data 

are shown below.  Note that in this case, the adjacency matrix 
was allowed to have both positive and negative values.  Figure 
5 shows that there is some error in the transient behavior of the 
simulated data compared to the actual data.  The average 
percent error between the simulated results and actual data here 
is 1.6563. 
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With this setup, the simulations were conducted based on the 
described conditions for this first case. In addition, the included 
contenders in the simulation were extended in a second scenario 
to include the consideration of not only the film and digital 
cameras, but smartphones as well. Since the turnover rate and 
lifespan of smartphones was short in the beginning and the 
technological improvements were rapid (also see Figure 2), the 
numbers were converted into ownership instead of sales figures 
to provide a more comparable basis. In order to conduct this 
conversion, the average lifespan of each product was accounted 
for at the time of its sale and thus the total ownership numbers 
for each year calculated. This resulted in the following 
progressions over time that can be observed in Figure 5. 

 

 
Figure 5: Simulated and Actual Camera and Cell Phone Ownership 
 
It has to be noted that the results of the simulation depicted 

in Figure 5 show deviations from the actual numbers. This is 
due to the fact that, when it comes to real-world numbers, a 
plethora of influencing factors play a role, which can lead to the 
recorded numbers fluctuating over time. Looking at the data in 
question, multiple events come to mind that potentially caused 
deviations between the simulation and records. For example, 
the financial crisis of 2008 had a critical impact on the 
economic market and affected consumers as well as companies. 
Therefore, the deviations seen are not a lack of accuracy, but 
rather a possibility for expansion as such circumstances can be 
included and simulated in the future in the model. 

As for the simulation of this case, the separation of the 
predator and prey behaviors is done by separating the equation 
of the predator (cellphone) behavior from the equations of the 
more prey-like (camera) behavior to create #*++,>*DD and 
#*++,>5E*357.  The conversion into the effective plane is done 
with the following equations: 
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Based on the described parameter and equations in this 
section, the simulations of the scenarios and cases was 
performed and analyzed. The following section will describe 
the results and discuss the results, outcomes, and insights. 

V. RESULTS AND DISCUSSIONS 
Based on the parameters chosen in the previous section to 

mimic the market dynamics, the simulations were run to 
discover the tipping point at which the disruptive technology 
takes over the incumbent technology and the results are 
presented in this section. For example, in the case study of film 
vs. digital camera sales, we found that it has a +*++ = 1.87>AK, 
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calculated using Equation 7 with the adjacency matrix in 
Equation 14.  The case study simulations shows that the system 
was clearly past the critical tipping point of β*++> = β*++>) =
β*++>% = 3.2>AB shown in Figure 6 so the digital camera was 
clearly in the region where the disruptive technology succeeds.  
And the results of that historic case were confirmed that the 
disruptive technology of digital cameras eventually dominated 
the mainstream market. 

Based on our previous work on the determination of tipping 
points in ecological and supply-chain systems [47, 48], we 
proposed a critical measure of the tipping point or modified 
resilience index E*++>  which is defines as: 

 E*++> = +*++> − +*++  (25) 
 
In this application, the modified resilience index measures 

how far a disruptive or incumbent technology is from that 
tipping point which predicts whether it will succeed or fail.   

In the case study of digital versus film camera, we randomly 
generated 10,000 adjacency matrices, A, while keeping "), "%, 
%), and %% constant.  Figure 6 shows the results, with the four 
possible β*++>  tipping point plotted as red lines.  Figure 6 also 
defines a region of the trade space that is confined between  
β*++>@ = 2% and β*++>? = 0 as two tipping points. The region 
between these two tipping points is where the incumbent 

technology can fail to maintain its market dominance and a 
region where the disruptive technology can fail to gain a 
foothold in the market.  Figure 6 also consists of two simulation 
results; the top Figure shows the resiliency index versus sales 
number for the incumbent technology and the bottom Figure 
shows the resiliency index versus sales parameters of the 
disruptive technology.  As can be seen in the area of trade space 
confined between β*++>@ = 2% and β*++>? = 0,  The incumbent 
technology sales in various simulation results are higher than 
the disruptive technology, and therefore it defines a region in 
which the disruptive technology can fail.  In two regions with 
resiliency index β*++>@ < 2% and β*++>? > 0, the disruptive 
technology has much higher chance to succeed and dominate 
the market.  The historical case study of digital versus film 
camera are marked on the simulation in Figure 6 plot which is 
clearly in the region of the trade space that the disruptive 
technology can succeed. The case study of film vs. digital 
camera sales has a +*++ = 1.87>AK, calculated using Equation 
6 with the adjacency matrix in Equation 17.  That system was 
clearly above the tipping point of β*++>? = 0 shown in Figure 6, 
so it was in the region where the disruptive technology 
succeeds.  And the results of that historic case were that the 
disruptive technology of digital cameras eventually dominated 
the market.

 
Figure 6: Tipping Points in the Success or Failure of a Disruptive Technology
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Possibilities and Opportunities
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Conclusion and Outlook

1 Applicability Tests Successful

2 Case Study Tests Are Currently Being Conducted

3 Transfer to Other Areas and Domains Under Evaluation

4 Ultimate Goal: Quantified Inclusion in Decision Making Process


