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Digital service platforms are becoming widespread in all areas of society. One risk scenario in platform develop-
ment is related to the fragmentation of development efforts and the failure to achieve a critical mass of platform
users, while a second risk scenario is related to a winner-take-all situation inwhich one platform firm achieves a
monopoly position in the market. We develop a system dynamics model of platform development that includes
two competing platforms, and use themodel to simulate various development paths by varying different factors
that affect how resources accumulate to the platforms. Our simulation results show that delays in users' decision
making can increase the likelihood of achieving critical mass. In addition, open interfaces and data transferability
between platforms can accelerate platform adoption and decrease the likelihood of a winner-take-all situation.
The simulation results also revealmore nuanced development paths than simple S-shaped growth because of de-
lays in platform development and different cross-side network effects to end users and service providers.

© 2017 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The application of information and communications technology is
reshaping all areas of our society. It can be used to improve productivity
and to develop new kinds of services by integrating solutions from dif-
ferent industries, such as energy, mobility, and built environment. For
example, the application of information and communications technolo-
gy in a city environment has been termed ‘smart city’, and the concept
has been approached from a variety of different viewpoints, ranging
from technological applications to city infrastructure (Harrison et al.,
2010) to new governance and organizational structures enabled by
the technology (European Parliament, 2014). It also presents potential
opportunities to introduce digital platforms that enable the flow of in-
formation across isolated city and sector specific information systems,
which would facilitate an efficient use of resources.

Digital platforms can mediate the flow of information and thus en-
able the interconnection of products and services, as well as data
flows between different actors (cities, service providers, and end
users) on multiple sides of a platform. Digital platforms have mostly
attracted attention in the context of consumer applications, such as
Uber and Airbnb, and academic studies have focusedmostly on the con-
text of mobile phones, such as Google's Android platform (Pon et al.,
2014) and Apple's iPhone platform (Garcia-Swartz and Garcia-Vicente,
2015). In the future, however, digital platforms can also become impor-
tant in many other sectors, such as the smart city context.

When a community of actors is developing platform-based services
in a smart city context, it is important that a critical mass of actors is
reached in order to achieve self-sustaining growth. An important ques-
tion also relates to the degree of openness of these platforms. The evo-
lution of platforms often tends to follow a so-called winner-take-all
dynamic where one platform gains dominance and a gatekeeper role.
These kinds of situations can be especially problematic in a smart city
context if they relate to publicly critical services or infrastructure. This
means that interoperability through open and common interfaces and
easy exchange of data across platforms can be important factors in en-
abling competition across platforms and their continuous development.

There are many smart city related sectors where digital platforms
could emerge. One example comes from the field of transport. Mobility
as a Service can be considered as a new transport paradigmwhich aims
to integrate different modes of transport, such as buses, trains, and
shared cars into a service package. As a result, users would not need to
have separate accounts and tools for each mode of transportation
when planning and paying for their trips. Automatic data gathering
could also enable better demand responsive public transportation. The
new service concepts could be implemented with the help of a multi-
sided platform, which would link different end user groups, transport
operators, and software developers. Recently, a European alliance1 has
been set up to promote the collaboration of various development efforts
related toMobility as a Service in different countries, and some start-up
companies as well as more established firms have started to develop
such services.
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In this article, we develop a simulation model and use the model to
analyse thedevelopment and competition of platforms.Weuse aMobil-
ity as a Service example to illustrate the results. The rest of the paper is
organized as follows: Section 2 presents a review of relevant literature
on platforms; in Section 3, we present the methodology used, namely
system dynamics modelling; Section 4 describes our simulation
model; and Section 5 describes model validation issues; the results of
the simulations are presented in Section 6; after which the impacts of
policies are analysed in Section 7; finally, our conclusions are presented
in Section 8.

2. Literature review

2.1. Achieving critical mass

Gaining a critical mass of end users, developers, and service pro-
viders and achieving self-sustaining growth and scalability is a key
issue for the success of platforms. Initially, platform development may
be financed, promoted, or otherwise subsidised using external funding,
but over the long term the success of a platform depends on a viable
businessmodel and the ability to attract customers. In the initial phases
of platform development, a common problem is a so-called ‘chicken-
and-egg’ situation in which too few developers and service providers
of a platform inhibit the growth of the end user customer base, and
vice versa (e.g. Casey and Töyli, 2012a). In order to achieve a critical
mass, development resources have to be allocated in the right way. If
there are many competing and non-interoperable platforms there is
the risk that no platform achieves a critical mass. In a smart city context,
for example, individual cities may develop fragmented platforms that
target only a small set of potential customers, and the number of end
users remains low or decreases when publicly funded development ef-
forts end.

Achieving a critical mass and being able to scale up a platform de-
pends crucially on network effects (Katz and Shapiro, 1986) created
by a platform. Direct network effects refer to situations in which the
value for an actor group depends on the size of the same actor group.
For example, the value of a social media platform for an end user in-
creases with an increase in the total number of end users. By contrast,
indirect (or cross-side) network effects refer to instances in which the
value for an actor group depends on the size of another actor group.
For example, the value of a mobile phone operating system platform
for end users depends on the number of application developers (and
the applications developed by them), and vice versa (Garcia-Swartz
andGarcia-Vicente, 2015). Furthermore, inmodern internet-based plat-
forms, the role of data is crucial, and network effects due to data accu-
mulation can be substantial.

Understanding network effects is crucial for understanding two-
sided (and multi-sided) markets, in which a platform mediates
transactions between demand and supply side actors. In two-sided
markets, a platform owner can subsidise one side of the market in
order to increase platform adoption and charge another side of the
market instead (Parker and Van Alstyne, 2005). In other words, the
price structure (Rochet and Tirole, 2006) matters in addition to
the level of pricing. In multi-sided platforms opening boundary
resources (Ghazawneh and Henfridsson, 2013), such as application
programming interfaces, can enhance the magnitude of network
effects since third parties can integrate their applications to the
platform.

The dynamics of platforms are also influenced by other reinforcing
feedback mechanisms related to the adoption of technologies and the
growth of firms. These include the accumulation of knowledge and in-
formational increasing returns, which have been studiedwith computa-
tional modelling (Safarzyńska and van den Bergh, 2010) and qualitative
case studies (Klitkou et al., 2015). Furthermore, changing societal norms
and the practices of consumers, firms, and the public sector can have an
important role. Because of old ways of operating, different actor groups

might not initially perceive the value of a platform and potential rein-
forcing feedback mechanisms can thus remain untapped.

2.2. Platform competition and winner-take-all markets

In order for firms to have an incentive to take risks and invest in plat-
formdevelopment, the platformmust be a source of competitive advan-
tage to them. This requires that theymust be able to lock in customers to
some extent, and thus aiming for excessive openness in platform devel-
opmentmay not be the best option. From a platform owner perspective,
openness reduces switching costs for users and intensifies competition
(Eisenmann et al., 2009).

However, because of the multiple reinforcing feedbacks in plat-
form based competition, there is a tendency for a winner-take-all
scenario to occur in which the market leader is able to harness in-
creasing returns mechanisms and lock out competitors. This can
have a negative overall effect on the innovativeness and develop-
ment of an industry (Gawer and Cusumano, 2014). Whether or not
an industry should be allowed to develop to a winner-take-all situa-
tion is an important public policy question. On the one hand, if the
clock speed (Fine, 2000) of an industry is fast, it can be argued that
monopolies do not last for long because new entrants with better
technologies or service concepts can effectively challenge themarket
leader. On the other hand, platform monopolies can be especially
problematic in situations that involve publicly critical infrastructure
and services, e.g. related to energy production or transport (parts of
the smart city context) with a slow clock speed and long develop-
ment cycles.

A winner-take-all situation is more likely when network effects
are positive and strong, multi-homing costs are high, and there are
no differentiation opportunities in the market (Eisenmann et al.,
2006). Rysman (2009) alsomentions the possibility for the providers
of complimentary goods to differentiate their offerings as a factor
that may lead to a winner-take-all situation. In the context of digital
platforms, the overall network effects can be strong because of data
accumulation to a platform. In addition to this, multi-homing costs
can be high due to non-standard development toolkits or application
programming interfaces, which result in extensive integration ef-
forts for developers who want to use different platforms. For exam-
ple, in the context of Mobility as a Service, there could be separate
implementations of public transport payment and journey planner
applications for each city, and extra costs would be generated to
access data across the platforms.

There are also factors that can even out competition andmake awin-
ner-take-all situation less likely. One mechanism is the competitive
crowding phenomenon in which a large number of developers on a
platform decrease innovation incentives because of excess competition
(Boudreau, 2011). Also, competition can increase if the market leader
invests less in platform development than competitors (Markovich
and Moenius, 2009). Finally, a firm can use a platform envelopment
strategy in which it leverages assets in one industry in order to gain a
competitive advantage in a neighbouring industry (Eisenmann et al.,
2011).

2.3. Competition and collaboration in business ecosystems

A group of companies pursuing a business model through a me-
diating platform can be described as a layered and interconnected
value system (Stabell and Fjeldstad, 1998) and involves collabora-
tion and competition between different actors within an ecosystem.
However, in order for an ecosystem to develop to this desired
state, the risks of the chicken-and-egg scenario (failure to achieve
critical mass) and winner-take-all scenario have to be avoided
with an appropriate value orchestration strategy and corresponding
policies.
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Coopetition is a broad concept that includes different types of
strategies in which firms both compete and collaborate at the same
time. Based on the existing literature, Ritala et al. (2014) have iden-
tified four different types of coopetition-based business models: 1)
increasing the size of current markets, 2) creation of new markets,
3) improving efficiency in resource utilization, and 4) improving
the competitive position relative to firms in another network.
These different types of coopetition-based business models are
applicable in different industries, but the business model related to
the creation of new markets is especially relevant for emerging digital
service platforms.

Collaboration through harmonized interfaces between different
platforms can increase the size of the overall market and make it easier
for the platforms to achieve a critical mass. Harmonized standard inter-
faces have, for example, been a critical factor in enabling network effects
and large economies of scale in the global diffusion of mobile telecom-
munication networks (Casey and Töyli, 2012b) and the Internet router
infrastructure (Leiner et al., 2009), which can both be seen as examples
of value systems of layered and interconnected platforms. Furthermore,
open platforms decrease the risk of vendor lock-in to users, which can
increase platform adoption (Eisenmann et al., 2009).

3. Methodology

3.1. Applicability of system dynamics to the problem

System dynamics simulation is a methodology that examines how
feedback loops, accumulations, and time delays between various factors
influence the behaviour of a complex system over time (Sterman,
2000). Researchers have recently started to conceptualize platforms as
dynamic systems and examine how they develop endogenously
through time. For example, Casey and Töyli have used system dynamics
modelling to examine the historical emergence ofmobile telecommuni-
cations markets (2012b), as well as platform strategies that result in
two-sided platform success or failure (2012a). Zhu and Iansiti (2012)
also develop a simulationmodel to examine how platform quality, indi-
rect network effects, and consumer expectations influence entry into
platform-basedmarkets. Building on this emerging stream of literature,
we construct a system dynamicsmodel to examine different future sce-
narios of the development and competition of digital service platforms
in the context of the smart city.

3.2. Problem definition, scope, time horizon and purpose

We have identified two symptomatic behaviour patterns (reference
modes) related to the development of platforms. In the first case, there
is an initial period of growth in platform adoption, but this phase is
followed by a collapse. In the second case, one platform succeeds to
grow and achieves amonopoly position in themarketwhich deters suc-
cessful market entry from rival platforms.

The purpose of the model is to explain the reasons for these two
types of dynamic behaviour and to examine potential policies that
could help overcome the problems associated with these behaviours.
As these dynamic behaviours can occur in various different settings,
our purpose is to build a generic model rather than to focus on the de-
tails of a specific context. However, we illustrate our findings in light
of the Mobility as a Service platform example.

The time horizon of the model is in the order of multiple years so
that both the initial growth phase and the subsequent competition
phase between platforms are included in the simulation model out-
puts. The model includes an endogenous two-sided market of end
users and service providers, and the development of two competing
platforms based on the resources accumulated by the platform
owners.

3.3. Formulation of dynamic hypotheses

Based on the existing literature, we have identified differentmecha-
nisms that can cause the previously mentioned dynamic behaviour.
First, the growth and collapse behaviour can be caused by fragmented
development efforts and the failure to achieve a critical mass. Even
though a system may contain various increasing returns mechanisms
(positive feedback loops), these may not be dominant at the early
phases of platform development. Second, the winner-take-all scenario
is the result of one platform provider being able to lock-in customers
and establish a monopoly position in the market. Once one platform
has achieved a critical mass, the increasing returns mechanisms work
in its favour and cause path dependencies.

The dynamic hypothesis guiding the model development is that the
same feedback structure can account for the two different modes of be-
haviour. As such, factors that influence the strengths of the different
feedback loops can significantly influence the development of plat-
forms. We focus specifically on how platform switching costs to users
(due to user data) and delays in users' decision making affect the accu-
mulation of data and financial resources to the platforms. We also ex-
amine the effects of two policies: application of open harmonized
interfaces across platforms and data transferability between platforms.

4. Simulation model

4.1. Causal loop diagram

The system dynamics model encompasses key feedback loops relat-
ed to the development of platforms. It includes the three following actor
groups: 1) Platform providers, who sell an integrated service concept to
end users, 2) End users, who buy services through the platform, and 3)
Service providers, who sell their services through the platform. In the
context of Mobility as a Service, the service providers would include
both transport operators and third party application developers. The
main feedback loops of the model are illustrated in Fig. 1 and are ex-
plained below:

4.1.1. Platform development (reinforcing feedback loop R1)
Revenues from an increasing number of end users can be invested in

further platform development (service concept development and de-
velopment of technical performance). Platform development increases

Fig. 1. Feedback mechanisms related to platform development.
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the value to end users and attracts more end users to adopt the
platform.

4.1.2. Data network effect (reinforcing feedback loop R2)
A larger customer basemeans thatmore data can be gathered for the

purpose of developing the platform. This can enable, for example, better
service concepts and price optimizations. Data gathering can include au-
tomatic development and tailoring of the services based on machine
learning algorithms as well as more traditional development work
based on customer feedback. Criteria for data gathering can also be de-
terminedmore precisely, which improves the usability of collected data.
Because of these factors, the service can be tailoredmoreflexibly to a va-
riety of changing user needs, and as a result more end users adopt the
platform.

4.1.3. Cross-side network effect (reinforcing feedback loop R3)
More end users provide more business opportunities to service pro-

viders and third-party application developers. In the case of theMobility
as a Service platform, service providers include transport operators, and
application developers include, e.g. mobile payment or map service de-
velopers. As the number of service providers and application developers
increases the platform value to end users increases because of a better
service coverage and the possibility to integrate more third party appli-
cations. This attracts more end users to the platform.

4.1.4. Competitive effort (balancing feedback loop B1)
An increase in a platform's market share of end users can lead to a

monopoly situation with high margins and prices, and the incentive of
the platformowner to invest resources in further platformdevelopment
can be lowered. In the long run this canmean that the platform is not as
attractive to users, leading to a situation in which users switch to com-
peting platforms. The number of users can decrease until competitive
efforts emerge from the platform owner and further investments in
platform development are made (or prices are lowered).

4.2. Stock-flow diagram

4.2.1. Selection of stocks
The variables in themodel can be grouped into three parts. First, the

two-sided market includes stock variables of potential adopters and

adopters of end users and service providers. Second, the platform re-
sources are divided into stocks of financial and data resources. Finally,
the platform value is determined by the quality of the platform, which
is based on development efforts. All of these stock variables are calculat-
ed separately for two competing platforms, except for the potential
adopters that can become adopters of either platform.

4.2.2. Two-sided market
The two-sided market is modelled by extending the Bass (1969)

model of innovation diffusion that considers adoption through exoge-
nous efforts (advertising or subsidisation) and adoption from word-
of-mouth (Fig. 2). Here, the stocks of potential adopters and adopters
are calculated separately for both sides of the platform, and potential
adopters can become adopters of either one of the competing platforms.
The adoption rate depends on the value of the platform to the potential
adopters (see Section 4.2.4.). The model also includes discards and
switching between the competing platforms, which depend on the plat-
form value to adopters.

4.2.3. Platform resources
The platform owner's resources include both financial and data re-

sources (Fig. 3). Financial resources accumulate through revenues
from end user adopters and can be used for platform development or
to pay dividends. In the model, we assume that dividends are only
paid if the targetmarket share has been reached. The delay in perceiving
and reacting to the current market share is modelled using exponential
smoothing, and the amount of resources allocated to platform develop-
ment depends on the gap between the perceived market share and the
target market share. As such, firm level decision making is assumed to
be boundedly rational (cf. Sterman et al., 2007).When the targetmarket
share is not reached, the decisionmaking heuristic is similar to the ‘per-
cent rule’ of budget allocation in themodel by Farris et al. (1998).When
the target market share is reached, parameter β determines howmuch
the competitive effort is decreased, and as such reflects the complacen-
cy of the platform firms.

Like financial resources, data resources also accumulate to the plat-
form owner through the end users' use of the platform. The platform
owner can also acquire data from end users switching to the platform.
In addition, the model takes into account data erosion, i.e. the value of
old data gradually decreases.

Fig. 2. Potential adopters and adopters.
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The amount of data per user is calculated based on the cumulative
end user adopters on the platform, i.e. the number of adopters who
have adopted at some point and the positive net flows of switchers
from other platforms. The assumption here is that when a user switches
to another platform, their data stays in the use of the original platform
and the platform owner can use the data for further platform develop-
ment. If the user data is transferable, the data is in addition transferred
to the new platform.

4.2.4. Platform value
Resources allocated to platform development depend on the total

available financial resources, and the fraction of resources allocated to
platform development. The quality of the platform refers to the value
of the platform without accounting for network effects or the value of
accumulated user data, and it is calculated based on the amount of fi-
nancial resources invested in platform development. The costs of
using and adopting the platform are not modelled separately. Because
of technological development and changing end user preferences, the
platform quality can eventually erode, which means that sustained in-
vestments are required in order to keep the platform value from deteri-
orating. Accumulated user data in the platform enables more efficient
platform development.

The value of the platform to potential end users and service pro-
viders depends on the quality of the platform as well as the cross-side
network effect. Once an end user has adopted a platform, the platform
value depends on the value obtained from user data. If data is transfer-
able between platforms, end users can switch between rival platform
providers and retain the value of their user data. We assume that only
end users obtain user data, and as such the value of the platform to ser-
vice provider adopters does not differ from the value to service provider
non-adopters.

5. Testing and validation

We ran several tests that gradually increased our confidence in the
model. As the study is forward-looking and the platforms under consid-
eration are still emerging, no quantitative data exist in order to perform
thorough behaviour reproduction tests. We thus focus especially on the
validity of themodel structurewith respect to the purpose presented in
Section 3. The validation tests are grouped into direct structure tests
that do not involve simulation, and structure oriented behaviour tests
in which simulation experiments are used (Barlas, 1996).

We have used Vensim DSS for Windows Version 6.2 (Double Preci-
sion) simulation software to run the simulations. The model equations
and parameter values are listed in the Appendix A, and the simulation
model file is openly available to ensure replicability of our results. The
simulations reported in the article were run using time step 0.0625
and Euler numerical integration. The exact numerical values of the sim-
ulation outputs change somewhat when the time step or numerical in-
tegration method are changed (e.g. RK4 Auto), and in some instances
these changes can impact whether or not the tipping point is reached
for particular parameter values during the initial growth phase of plat-
form development. However, these are not significant concerning the
purpose of the model or their implications to the results presented in
the article. In contrast, a smaller time step may be needed under some
extreme conditions (e.g. parameters a = 1 and c = 300
simultaneously).

5.1. Direct structure tests

The feedback structures of the model have been formulated and ex-
tended based on existing literature, such as the Bass model of innova-
tion diffusion. Regarding the level of aggregation, end users and
service providers are grouped into potential adopters and adopters.
While in reality these could be disaggregated into different end user
segments or different types of service providers, for the purposes of
the model a simpler structure is more appropriate. Platform resources
are disaggregated intofinancial and data resources because the resource
types operate in different ways. Whereas the platform owner can con-
trol the expenditure of financial resources through balancing feedback
B1, data resources can be used without expending them. Furthermore,
data resources can potentially be transferred from one platform to
another.

The model includes formulations to ensure that stock variables stay
non-negative in extreme conditions and that conservation laws aremet.
For example, the sum of potential adopters and adopters of competing
platforms stays constant at all times.

The behaviour of actors is modelled using boundedly rational deci-
sion rules that depend on the information available to the actors at a
specific point of time. In other words, we do not assume that they
would have perfect foresight of how the platforms and their adoption
will develop. End users and service providers make their decisions
concerning platform adoption, discarding, and switching based on
their perception of the platform's value to them. Likewise, the platform
owner's decision to invest financial resources to platform development

Fig. 3. Platform resources and platform value.
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is modelled using a heuristic that depends on the current market share.
We assume that users adopt only one platform at a time, which is a rea-
sonable assumption if multi-homing costs are high, e.g. because of fixed
monthly costs to end users instead of a transaction based pricing.

The units of all variables and parameters have been specified, and
the model passes a dimensional consistency test. All parameters in the
model have meaningful counterparts in the real world. As the purpose
of the model is to reveal insights about platforms in general, the exact
parameter values are not significant and the parameters are not esti-
mated to represent any specific platform in particular.

5.2. Structure-oriented behaviour tests

5.2.1. Extreme conditions test
The model behaves as expected when individual variables are sub-

jected to extreme conditions. For example, setting the number of
adopters to zero results in zero platform value, and setting the amount
of financial resources to zero results in no improvement in platform
quality. The model also behaves plausibly when individual parameters
are set to the limits of their meaningful ranges of variation as well as
when several parameters are varied simultaneously in a Monte Carlo
experiment.

5.2.2. Sensitivity analysis
Themodel produces different types of dynamic behaviour when dif-

ferent model parameters are varied, and the model is able to endoge-
nously generate the two symptomatic dynamics motivating the study,
namely the growth and collapse pattern (i.e. ‘chicken-and-egg’ situa-
tion) and the winner-take-all pattern.

Several model parameters affect whether self-sustaining growth
in platform development is achieved.We tested the effects of various
model parameters in the initial growth phase by switching off the
balancing feedback loop B1 in these situations, which corresponds
to full competitive effort. Initially, an external advertising effort is re-
quired, and the advertising time needs to be long enough in order to
reach a tipping point. Similar results have been reported in existing
studies (e.g. Struben and Sterman, 2008). The necessary duration de-
pends on the effectiveness of advertising (parameter a) and the con-
tact rate (c) between adopters and potential adopters: high values
mean that the necessary advertising time is shorter. Similarly, if
there are initially ample financial resources it is easier to reach critical
mass.

In addition, a critical mass is more difficult to reach if the value of
substitutes is high with respect to the platform value (i.e. high values
of the reference platform value V*). Themodel also includes parameters
that determine the reference values for the adopter fraction (af*) and
the reference time for data accumulation (T*). Large values of these pa-
rameters imply that more adopters and more data are needed in order
to obtain the same level of benefits and therefore make it more difficult
to achieve a critical mass.

The model equations contain exponents that determine the
effect of data resources on platform development productivity (γ)
and the indirect network effect strength (α). High values imply
that platform value is strongly dependent on the availability of
data and the number of adopters on the other side of the platform.
In the beginning when there is a lack of data and adopters, high
values of these parameters can therefore make it more difficult to
reach a critical mass.

In some simulations close to the tipping point, the adoption fraction
decreases momentarily after the initial advertising period but after-
wards continues to grow. This type of dynamic behaviour is possible if
the effectiveness of platform development depends strongly on the
amount of data accumulated (high values of γ).

The decisions of a platform owner can influence whether the
platform gains a monopoly position in the market. A winner-take-
all scenario occurs if the competitive effort does not strongly depend

on the market share (large values of the target market share M* and
small values of β) or if the platform firms react slowly to changes in
market shares (large values of the platform owner reaction time τ′).
In these situations, the balancing feedback loop B1 operates only
weakly. For small values of the platform owner reaction time, the cy-
cles in market share occur at a faster pace and the amplitude of mar-
ket share oscillations is smaller. This is consistent with the general
theoretical finding that a delay in a balancing feedback loop causes
oscillation within a dynamic system (Sterman, 2000). Also, as ex-
pected, strong network effects (high values of α) or a strong depen-
dence of platform development on the availability of data (γ)
increase the likelihood of a winner-take-all scenario by increasing
the strength of the reinforcing feedback loops.

6. Simulations and behaviour discussions

Using the model, we are able to simulate the two identified behav-
iour modes. First, in the fragmented development scenario, the market
share of the platforms initially grows due to development and advertis-
ing efforts. However, a critical mass of end users is not achieved that
would generate self-sustaining growth. As a result, the number of end
users eventually decreases and the platform value does not increase sig-
nificantly. Second, in the winner-take-all scenario two competing plat-
forms initially develop nearly identically, but after a certain point one
platform is able to successfully accumulate resources to the extent
that there is no room in themarket for the competitor. In terms of plat-
form value, this scenario can be considered an improvement over the
previous scenario, but the increase in platform value saturates after a
monopoly position is reached in the market.

6.1. Resource accumulation and erosion

Akey factor that affects thedevelopment of the platforms in our sim-
ulation experiments is the rate atwhich financial and data resources ac-
cumulate to the platform. If the rate of resource accumulation
(parameter ra) is high, it is easier for a platform owner to gather enough
resources to be able to reach a critical mass and thus avoid the growth
and collapse pattern that is related to fragmented development efforts.
However, a high rate of resource accumulation makes it more difficult
for a competing platform to challenge the market leader, thus making
the winner-take-all situation more likely.

Similarly, achieving a critical mass is easier if platform resources or
platform quality erode only at a low rate (i.e. low values of the fractional
erosion of platform resources (re) or platform quality (qe)). By contrast,
the effects of resource and quality erosion on platform competition are
more complex. At high values of qe or re or when the effect of data on
platform development (γ) is high, increases in qe or re can lead to a
more pronounced winner-take-all situation because the challenging
platform firm cannot accumulate enough resources for effective plat-
form development. However, at low values or when γ is low, increases
in re and qe can enhance competition among platform firms because the
resources and platform quality of the market leader erode the most. In
reality, high values of resource or quality erosion would correspond to
situations in which data obsoletes at a high rate, financial resources
are used to pay dividends instead of investments into platform develop-
ment or changing technological requirements or consumer preferences
rapidly obsolete previous development efforts.

6.2. User reaction time

A key finding in our simulation experiments was that delays in plat-
form users' decision making and reaction affect the rates at which re-
sources accumulate to the platforms. In the model, user related delays
encompass delays in users' information processing and decision mak-
ing. We assume that the user delays are the same for platform
discarding and switching between platforms. If adopters can easily
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discard the platform, the platform owner cannot accumulate develop-
ment resources as effectively. Also, it is more difficult to obtain benefits
from network effects that would attract more adopters to the platform.
Because of this, achieving critical mass is more difficult when user reac-
tion times are short (low values of parameter τ). Short user reaction
times correspond to situations in which adopters make quick decisions
based on their perceived value of the platform, e.g. because of short
term contracts for end users or low sunk costs for service providers
who have adopted the platform.

The simulation results in Fig. 4 show that when the user reaction
time is short, the adopter fraction grows at a slower rate. There is a crit-
ical threshold value for the adopter reaction time. For low values (τ=
0.5 in thefigure), the platform adoption fraction drops after the external
advertising campaign ends. Self-sustaining growth is achieved for larger
values (τ=0.75 in the figure)when the advertising efforts last for a suf-
ficiently long time. If the advertising time T is longer, the tipping point is
reached at lower values of τ. The exact threshold value depends on var-
ious other factors. When the adopter reaction time is very small (close
to zero), the tipping point can still be reached if the advertising effec-
tiveness (a) is very large at the same time.

As such, the simulation results reveal an important trade-off be-
tween the ease of end user and service provider adoption and
discarding. On the one hand, possibilities for easy, low cost, and short
term experimentation with the platform can make initial advertising
campaigns more effective and increase platform adoption. On the
other hand, these factors can also decrease the reaction time of adopters
and increase the discard rate once external advertising campaigns end.

User delays also affect the competition between rival platforms.
Once one platform has gathered a critical mass, short user reaction de-
lays can mean that it is more difficult for a rival platform to accumulate
resources and challenge the market leader. As such, short user time de-
lays can increase the likelihood of a winner-take-all situation.

7. Policy design and evaluation

7.1. Policies

We will now consider two policies, i.e. open interfaces and data
transferability between platforms, and examine how they change the

simulation results. Open interfaces can be realized in different ways
on a technical level, e.g. by interconnecting the platforms so that end
users of one platform can access service providers using another plat-
form or by opening harmonized application programming interfaces
to all platforms, which makes it easier for service providers to connect
to all platforms and multi-home between them. In the categorization
of platform strategy decisions related to openness by Eisenmann et al.
(2009), these correspond to the decisions related to interoperability be-
tween rival platforms (horizontal strategy decision) and decisions
concerning exclusive contracts for service providers (vertical strategy
decision).

In the simulations with open interfaces, we assume that end users
also benefit from service providers who have adopted a rival platform.
We further assume symmetry in open interfaces, i.e. if platform 1 is in-
teroperable with platform 2, platform 2 is also interoperable with plat-
form 1, and that end users do not incur any additional costs (such as
roaming costs).

The second policy, data transferability, is related to both data
ownership issues (whether the data is owned by the platform pro-
vider or the user) as well as standards for transferring data from
one platform to another in an automatized way. As such, data trans-
ferability is related to users' switching costs from one platform to
another.

7.2. Evaluation

Without open interfaces or data transferability, the simulation
model produces two basic scenarios (fragmented development and
winner-take-all). A third scenario emerges when open interfaces are
available. In the collaboration and competition scenario there are two
rival platforms that are both able to harness network effects and accu-
mulate resources. In terms of the platform value for users this scenario
results in the best outcome. The reason is that while in the winner-
take-all scenario the market leader can reduce competitive effort and
investments into platform development and still lock-in customers, in
the collaboration and competition scenario the competitive rivalry be-
tween platform operators ensures that both firms keep investing in
platform development in order to attract customers. Fig. 5 summarizes
the three possible scenarios related to platform development and
competition.

7.2.1. Effects of policies during initial growth phase
The availability of open interfaces positively influences the

growth rate of platform adoption (Fig. 6). The reason is that due
to open interfaces end user adopters of one platform benefit
from service provider adopters of a competing platform. Thus the
users benefit from a greater cross-side network effect. As a result,
the end user adopter fraction is greater. There is still a critical
tipping point to be reached, but it is reached more easily (compare
Fig. 6 with Fig. 4). Open interfaces between rival platforms thus
enable cooperation between platforms as the platform owners
benefit from the development and advertising efforts of their
competitors.

The effect of data transferability is similar. When user data can be
transferred from one platform provider to another platform develop-
ment is faster, as data accumulated from a rival platform can also be
used. Also, end user adoption is faster because of the possibility to
switch to a better platform and still retain the benefits of accumulated
user data.

In addition, the availability of open interfaces or the possibility to
transfer data between platforms creates more subtle effects in the sim-
ulations because they create differences between the platform values to
end users and service providers. With open interfaces, the cross-side
value to end users depends on the total number of service providers
on all platforms, but for service providers the cross-side value depends
on the end users of the same platform. The transferability of datameansFig. 4. Effect of user reaction time (τ) on platform adoption.

125S. Ruutu et al. / Technological Forecasting & Social Change 117 (2017) 119–130



that end users continue to benefit from their accumulated data even if
they switch platforms, and as such can cause differences between the
platform value to end users and service providers. Because of accumu-
lated user data, the value of the platform to end user adopters can ex-
ceed that of end user non-adopters and service providers.

In some simulations the adoption fraction of end users continues to
grow after the advertising campaign, but then declines. In some simula-
tions the end user adoption fraction continues to grow again after the
declining phase (Cluster 1 in Fig. 7), but in some other simulations the
end user adoption fraction declines to zero (Cluster 2 in Fig. 7). In
these cases, the adoption fraction of service providers starts to decline
after the initial advertising campaign, and depending on the values of
other parameters either causes the number of end users to decrease or
eventually starts to increase because of a large number of end users.

The implications of these findings are that it is important for the
platform manager to monitor the adoption of the different sides of the
platform. Also, it may be beneficial in these situations to concentrate ef-
forts on subsidising and obtaining service providers to adopt the plat-
form and retain adoption.

7.2.2. Effects of policies on platform competition
The availability of open and harmonized interfaces increases

the cross-side network effects for both platforms, but at the
same time the competitive advantage of cross-side network
effects relative to the rival platform is weaker. As a result, the
competition between rival platforms is more even. The winner-
take-all scenario occurs only rarely, but can still emerge in situa-
tions in which the balancing feedback loop B1 operates only

Fig. 6. Effect of user reaction time (τ) on platform adoption with open interfaces.

Fig. 7. Results of 5000Monte Carlo simulations inwhich parameters c ,a ,F(0),α ,γ ,ra ,τ ,γ′
were varied. Only simulations belonging to two clusters are shown (growth-decline and
growth-decline-growth after the initial advertising efforts that end at T = 4).

Fig. 5. Three scenarios of platform development.
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weakly, i.e. in situations in which the competitive effort of the
market leader does not decrease significantly (high values of M*
and low values of β).

The effect of data transferability is dependent on the effect of user
data on enduser value (parameter γ′), which in themodel increases dif-
ferences in the platforms' market shares in end users and service pro-
viders. When the effect of user data on end user value is low,
increasingdata transferability increases competition betweenplatforms
(can avoid a winner-take-all situation and makes competition cycles
faster). However, the results are more nuanced when the effect of
user data on end user value is high.

Fig. 8 shows the simulation results with a high effect of user data
on end user value (γ′=3). In these simulations, increasing data
transferability (θ) accelerates the competition between platforms.
However, when data transferability is low, the platforms are able
to retain end users since the end users would lose a significant
part of the value if they switched to a rival platform. Increases in
data transferability can thus make it easier for the market leader
to attract more end users in the short term. In the longer term, how-
ever, a high level of data transferability makes it easier for another
platform firm to challenge the market leader. By contrast, moderate
levels of data transferability (θ=0,5 in the figure) can lead to a
more pronounced winnertake-all situation. In the simulations, in-
creasing the value of θ decreases differences in the platform's mar-
ket shares with respect to end users and service providers. This is
because the service provider adopters do not gain value directly
from user data.

Figs. 9 and 10 show the effects of data transferability in the
case of open interfaces. Similar to the results without open inter-
faces, increases in data transferability accelerate the competitive
cycles in platform market shares. The simulation results also
show that the market shares of the two platform firms can stabi-
lize at different levels if the effect of user data on value is high
(γ′=3) and no data is transferable between platforms (θ=0).
The figures show the effect of partial data transferability (θ=
0.5) but the results are qualitatively similar for full data transfer-
ability (θ=1).

8. Conclusions

8.1. Summary of findings

This article presents a system dynamics simulationmodel of platform
development and platform based competition. Using themodel, we illus-
trate three possible scenarios related to platform development: 1) the
fragmented development (‘chicken-and-egg’) scenario in which no plat-
form achieves a criticalmass, 2) thewinner-take-all competition scenario
that reflects a vendor lock-in to a single dominant platform, and 3) the

Fig. 8. Effect of data transferability on the end users and service providers of platform 1
(no open interfaces; high effect of user data on end user value, γ′=3).

Fig. 9. Effect of data transferability (open interfaces; low effect of user data on end user
value, γ′=1).

Fig. 10. Effect of data transferability (open interfaces; high effect of user data on end user
value, γ′=3).
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collaboration and competition scenario inwhich several platforms coexist
in balanced competition. We also examine specific factors affecting the
likelihood of these scenarios. Even though our study was motivated by
an example from thefield of transport (Mobility as a Service), thefindings
are applicable to a wide range of digital platforms across different indus-
tries, such as energy, built environment, or environmental monitoring.

Regarding the challenges during the initial platformgrowth phase, the
concept of a tipping point is well known in innovation adoption (Phillips,
2007), and existing research has identified factors, such as the length of
initial advertising efforts (e.g. Struben and Sterman, 2008), which deter-
mine whether the tipping point is reached. However, other mechanisms
that affect the tipping point have not been systematically examined in
the existing literature, particularly in the presence of network effects
and competing firms. Our simulation results suggest that if platform
adopters are able to react very quickly, achieving a critical mass may be
difficult because the platform firms cannot accumulate enough resources
for sufficient platform development. Also, the initial growth phase can be
accelerated through open interfaces (that reinforce cross-side network
effects) as well as the ability to transfer user data among competing
platforms (through faster platform development and end user adoption).

In respect to the different types of competition between platforms,
the role in increasing returns mechanisms in creating lock-ins in an
economy has been recognized since the work of Arthur (1989). Our
study contributes to this stream of literature by focusing on the effect
of data in generating increasing returns mechanisms, which are highly
relevant in the context ofmodern internet-based service platforms. Spe-
cifically, our simulation results reveal that in general increased data
transferability can accelerate the competitive cycles between platform
firms, but in the short term increased data transferability can improve
the position of the dominant platform because lower switching costs
make it easier for end users to switch to the market leader. In the long
term the same effect is possible when the level of data transferability
is moderate.

Furthermore, short user reaction times can strengthen the market
leader's competitive advantage because of the rival's difficulties in accu-
mulating enough resources for platform development, and thus lead to
a winner-take-all situation. Finally, the erosion of platform quality and
platform owner resources have effects through two separate mecha-
nisms. On the one hand, the same fractional erosion rate has a larger ef-
fect on the market leader, thus evening out competition. On the other
hand, a very high erosion rate makes it difficult for firms to accumulate
enough resources to challenge the market leader.

8.2. Managerial and policy implications

Although the simulations present a simplified version of platform
evolution, they point out the importance of striving toward an open en-
vironment where actors both collaborate and compete. Our simulation
results support the findings from other industries, such as mobile tele-
communications, that harmonized open interfaces can enhance compe-
tition between platforms because they decrease multi-homing costs for
service developers and weaken the lock-in effect due to cross-side (in-
direct) network effects. As our simulation results reveal, the use of
open interfaces and data transferability have benefits for platform
firms as well, particularly in the early growth phase.

An important policy and managerial question is how to promote
open interfaces and data transferability. For the public sector it is impor-
tant to strive toward policies that encourage actors to use open inter-
faces and standardized ways to transfer user data. The public sector
could even use strict measures such as regulation to mandate the use
of open and harmonized interfaces, where appropriate. Strict measures
could be justified especially in smart city application areas that involve
critical societal infrastructure, in which a monopoly position by a single
platform firmmight undermine democratic decision making in society.

A core issue is whether in the future users will be able to control and
transfer their data across platforms or will their data be centralized in

one monopoly platform provider. Corresponding policy measures are
thus needed to ensure ownership and transferability of user data for
the platform users. For example, in the case of Mobility as a Service,
the data would include data about users' mobility and transport needs
and preferences. A related concrete policymeasure is the currentGener-
al Data Protection Regulation with which the European Commission in-
tends to give citizens back control of their personal data within the
European Union.2 The aim of the regulation is that a person could trans-
fer their personal data from one platform to another in a structured and
commonly used electronic format.

Our simulation results also reveal that the initial growth phase can fol-
low more complex patterns than simple S-shaped growth. Because of
slow platform development in the beginning due to a lack of data, plat-
form adoption can decline after initial advertising efforts but continue to
grow later. Other reasons for these types of dynamic behaviours are dif-
ferences in end user and service provider adoption rates because of differ-
ences in cross-side platform values and the value generated by user data.
In terms ofmanagerial and policy implications, these results highlight the
risks of judging too early either that the development of a platform will
fail completely, or that a platform has already gathered a critical mass
and external development efforts are no longer needed. The latter risk is
especially salient if the growth of only one platform side is monitored.

8.3. Limitations and directions for future research

In this article, we have examined the case of platforms that offer an
integrated service to consumers and benefit from the accumulation of
user data, but in which the service providers do not directly benefit
from user data. As such, a limitation of our results is that they might
not apply in the case of different business models that platform based
companies might use in the future.

An important topic for future research would be to empirically test
and validate the results that we obtained through our simulation exper-
iments. In addition, as our model was built as a generic model of digital
platforms, it does not offer specific policy advice regarding individual
platforms in specific contexts. Therefore in future research, the model
could be parametrized and developed further to examine the specifics
of individual platforms inmore detail. Themodel that we have present-
ed could also be developed further in a number of ways. Additional
feedback loops could be added, such as the scale effect in which an ad-
equate service level is economically feasible for the platform provider
only if a certain volume of end users is reached.

In addition, some parts of the current model could be disaggregated.
For example, the different cross-side network effects between different
types of service providers and third party application developers could
be modelled in more detail in order to take into account the different
types of value generated by different types of actors in an ecosystem.
Thiswould allow amore detailed analysis of howdevelopment resources
should be allocated in the case of amulti-sidedmarket (finding outwhich
cross-side network effectswould be easiest to activate in order to achieve
a critical mass, after which other cross-side network effects could be acti-
vatedmore easily). Future research could also examine how the compet-
itive dynamics between different platforms depend on the number of
platform firms. For example, increasing the number of competing firms
may, under certain conditions, produce chaotic results instead of a
smooth pattern or oscillation between fixed points (cf. Farris et al., 1998).
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Appendix A. Model equations and parameter values

The equations and parameter values of the model are shown in the tables below, categorized into three groups: Table A1: Two-sided market,
Table A2: Platform resources, Table A3: Platform value.
In the equations, subscript s refers to the platform side (1: end users, 2: service providers) and subscripts i and j refer to the competing platforms. The
implementation of themodel in Vensim simulation software includes some formulations, e.g. to ensure that stock variables stay non-negative and to
ensure mass balance. For clarity, these have been omitted in the equations. See the simulation model file for details.

Table A1
Two-sided market.

Name Equation/parameter value Unit #

Potential adopters _Ps

Ps(0)

=∑i(DRs , i −ARs ,i)
=1000

User 1

Adopters _As;i

As ,i(0)

=ARs , i +SRs ,i−DRs ,i
=0

User 2

Adoption rate ARs ,i =Ps ⋅(a+c ⋅afs ,i ⋅As , i/N) User/year 3
Discard rate DRs ,i =As ,i ⋅dfs , i/τ User/year 4
Switching rate SRs ,i =∑j(As , j ⋅sfs ,j ,i−As , i ⋅sfs ,i ,j)/τ User/year 5
Adoption fraction afs ,i =Vs ,i/(V⁎+∑iVs ,i) – 6
Discard fraction dfs ,i =V⁎/(V⁎+∑jV′s , i , j) – 7
Switch fraction (from i to j) sfs ,i ,j =V′s ,i ,j/(V⁎+∑jV′s ,i , j) (0 if i= j) – 8
Total population N 1000 User
Advertising start time Ti

0 0, 0.125
Starts later for platform 2 to create initial differences between platforms.

Year

Advertising end time T 4 Year
Advertising effectiveness a 0.01

Joint advertising effectiveness for all platforms.
1/year

Contact rate c 5 1/year
User reaction time τ 1 Year
Reference value V* 3 –

Table A2
Platform resources.

Name Equation/parameter value Unit #

Financial resources _Fi
Fi(0)

=A1,i ⋅ra−Fi ⋅(Ci+re)
=500
If ΔMi≤0, re=0 (i.e. no dividends are paid).

€ 9

Data resources _Di

Di(0)

=A1,i ⋅ra−Di ⋅re+DRSi
=0

Data 10

Cumulative end user adopters _A
cum
1;i

A1, i
cum(0)

=AR1,i+max[0,SR1,i]
=0

User 11

Market share gap ΔMi =Smooth (A1,i/N−M⁎,τ′)
Exponential smoothing function

– 12

Competitive effort Ci =1−ΔMi ⋅β (between [0,1]) 1/year 13
Data per user DpUi =Di/ A1, i

cum Data/user 14
Data rate from switchers DRSi ¼ θ �∑ j max½0;DpU j � A1; j �sf 1; j;i −A1;i �sf 1;i; j

τ � Data/year 15

Platform reaction time τ′ 1 Year
Reference market share M* 0.2 –
Effect of market share on competitive effort β 4 1/year
Resource accumulation speed (data and financial resources) ra 1 Resource unit/(year*user)
Fractional resource erosion re 0 1/year
Fraction of data transferable θ 0 –

Table A3
Platform value.

Name Equation/parameter value Unit #

Platform quality _Qi

Qi(0)
¼ ðCi � FiÞ � ð Di

T� �N�raÞ
γ � p�−Qi � qe

=1

– 16

Value to non-adopters (end users) V1,i ¼ Qi � ð A2;i

N�af �Þ
α

¼ Qi � ð∑iA2;i

N�af � Þ
α
(open interfaces)

– 17a
17a′

Value to non-adopters (service providers) V2,i ¼ Qi � ð A1;i

N�af �Þ
α – 17b

Value to adopters (end users) V′1,i ,j
¼ V1; j � ½1þ ðDpUi

ra�T�Þγ
0
�; i ¼ j

V1; j � ½1þ ðθ�DpUi
ra�T� Þγ

0
�; i≠ j

8<
:

Value of j to adopters of i

– 18a

Value to adopters (service providers) V′2,i ,j =V2,j – 18b

(continued on next page)
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Table A3 (continued)

Name Equation/parameter value Unit #

Value of j to adopters of i
Reference productivity p* 1 1/€
Effect of data resources on platform development γ 0.7 –
Fractional quality erosion qe 0 1/year
Indirect network effect strength α 0.7 –
Effect of user data on value γ′ 1 –
Reference value for adopter fraction af* 0.5 –
Reference time for data accumulation T* 0.25 Year

Appendix B. Supplementary data
Supplementary data to this article can be found online at http://dx.

doi.org/10.1016/j.techfore.2016.12.011.
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