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2. ANALYSE DU COMPORTEMENT DU MODELE DEVELOPE

Le modéle de diffusion de référence, basé sur le modéle de diffusion de Bass

(1969), a été étendu avec l'ajout de quatre nouvelles boucles de rétroaction (nouvelles

composantes du modele) qui ont été¢ construites en utilisant les enseignements de la

revue de littérature et des entretiens.

Ces extensions sont détaillées dans le Tableau 7:

Tableau 7: Résumé des boucles de rétroaction / nouvelles composantes ajoutées au modele de

diffusion de Bass (1969)

Nom de la | Concept/dynamique | Variables clés représentées dans le
composante capturés modele
du modele
Accessibilité |- Marketing mix - Prix
du produit
- Hétérogénéité des | - Fraction de la population ayant la
marchés capacité financiere d’adopter
Abordabilité |- Hétérogénéité des |- Budget telecom disponible apres
du produit marchés adoption du produit
- Colt total | - Indice d’Aversion au Risque
d’adoption - Coft de retour au produit initial
- Perception globale de I’abordabilité du
produit
Effet de |- Effet « pingouin » | - Risque percu d’échec du produit
confiance
Levier - Effets de la |- Effet a long-terme de la penetration du
économique technologie mobile produit sur la croissance du PIB
sur le PIB

La sensibilité du modele a ces variables clés est d'un intérét particulier pour les

décideurs marketing, qui peuvent apprécier I'importance relative des aspects tels que

l'inégalité des revenus et [’évitement de [’incertitude/aversion au risque lors du
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Figure 15: Contribution of groups of consumers to product diffusion — Rogers (1962)

Adoption rate

Time

In marketing studies, Rogers’ generalizations have been used as guidance for
speeding up the diffusion process by using specifically adapted communication
campaigns to reach innovators first versus later adopters (Gatignon and Robertson,
1985).

As it turns out, in Rogers’ categorization of adopters and the respective adoption
model developed, there is an underlying assumption that early adopters will trigger
the diffusion process due to the personal influence on the early and late majority
segments. This is believed to be possible through interpersonal communication and
word-of-mouth advertising. Rogers’ diffusion model, capturing these adoption
dynamics, aims at illustrating how a tiny percent of innovators (2,5%) and early
adopters (13,5%), who initiate a new product’s diffusion through innovative
adoption, can subsequently enhance the diffusion process and trigger imitative
adoption from the remaining majority of adopters (68%) and the laggards (16%).
Thus, once the product gains acceptance, Rogers’ recommendation was to
progressively tailor advertising and media vehicles to appeal to each new adopter
category targeted, with the net effect expected to speed up the diffusion process.

The speed metric is important because when considering new products diffusion
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on the market, one of the major indicator of success, together with sales and
penetration rates, is time. Diffusion time was studied and monitored in a systematic
way with respect to spread out of different new technologies by Easingwood (1988).
Although time period is technology and country specific, Easingwood (1988) found
that the time required achieving 75% market penetration ranges from 3.5 years to
28.4 years. Other findings suggest a diffusion period of time from 5 to 50 years for
technology-related products to achieve 95% of potential market (Stoneman, 1995).

Rogers and al. (1971) give some striking examples of diffusion time lag, such as
40 years before the tunnel oven was adopted by the English pottery.

While Rogers’ model has quite rightly shaped the basic concepts and scope of
the diffusion process, it does not apply equally well to all adoption contexts, in
particular those where the demographic and socio-economic characteristics of the
early adopters are heterogeneous, thus reshaping the expected dynamics of both
innovative and imitative adoption. This heterogeneity strongly differs from one
country to another, and for one to understand the variations of international diffusion,
it has to be properly encapsulated into a diffusion model. Furthermore, numerous
studies on cross-country and international diffusion have shown that cultural aspects,
such as the individualistic behavior of the target group/society, as well as its
propensity to embrace uncertainty and risk taking, are likely to affect the diffusion of
new products (Tellis, Stremersch and Yin, 2003; Kalliny and Hausman, 2007;
Chandrasekaran and Tellis, 2008; Van Everdingen, Fok, Stremersch, 2009). Also, in
some contexts, like in countries with scattered geography and low population density,
the interpersonal communication is very limited and therefore its role in the adoption
mechanism is not obvious. In such circumstances, the natural social contagion
assumption does not hold, and therefore targeting a small group of consumers first is
likely to cause the rate of diffusion to be much slower than had the mass market been
approached (Gatignon and Robertson, 1985; Wright and Esslemont 1994; Goldenberg
and Oreg, 2007).

On the other hand, Roger’s findings have been consistently validated by

empirical studies on adoption decisions that are conditioned in some important way
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by network externalities effect (Katz and Shapiro, 1986; Markus, 1987, Le Nagard-
Assayag, 1999; Le Nagard-Assayag and Manceau, 2001; Rohlfs, 2001). We will
analyze these phenomena in a dedicated section of this Chapter, but already would
like to highlight that network externalities are of primary concern in systemic
industries, such as telecommunications, where the value of use to any single adopter
is a function of the size of the network of other users. However, interpersonal
communication is not necessarily needed for network externalities to exercise
influence on diffusion, since potential adopters can find out about the penetration
level of a new product and decide adopting it as their confidence in successful
diffusion raises (Stremersch and Binken, 2009; Peres, Muller and Mahajan, 2010).
Moreover, recent research by Goldenberg, Libai and Muller (2010) suggests that by
separating the network effects from the word-of-mouth, the network externalities may

well have a chilling effect on new product growth rates and consequent profitability.

10.3. Research motivation, objectives and potential
implications

As seen in the previous section, understanding what explains the innovative
adoption take-off and what drives the imitative adoption across markets of the world,
in both developed and developing countries, has garnered increasing interest among
researchers.

Given that both Rogers (1983) and Bass (1969) models combine the effect of
innovation from external influences with the effect of interpersonal communication to
model a sigmoid adoption curve, neither provides insights on modeling diffusion in
markets where interpersonal influence is failing or strongly influenced by other
factors, such as socio-cultural dimensions for example. From a purely theoretical
perspective, this work is influenced by the bourgeoning research branch arguing that
new products diffusion is as contingent to consumer heterogeneity as it is to

consumer interaction (Dekimpe, Parker and Sarvary, 2000; Van den Bulte and
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Stremersch, 2004; Berger and Heath, 2007; Peres, Muller and Mahajan, 2010).
Several studies found evidence that consumer heterogeneity delays the diffusion of
innovations (Gatignon and Robertson, 1985; Dekimpe, Parker and Sarvary, 2000).
Here consumer heterogeneity is understood as adopters’ varying sensitivity to price
and perceived affordability, cultural innovativeness and propensity to succumb to
peer influences, among others.

Indeed, such analysis enables to extend and complement the interpretation of
adopters’ characteristics described by Rogers (1983) and later resumed by the classic
diffusion theories. It seemed therefore interesting in this research work to seek
uncovering the influence of these market specificities on the dynamics of both
innovative and imitative adoption mechanisms, by visually illustrating the feedback
loops at play in the diffusion process. In addition, there is a need for this analysis to
be done at both national and international levels, which represented another
motivation for this work.

Recent research shows that there is a growing interest among scholars in
analyzing the differences across countries in time to take-off of new products and
innovations (Dekimpe, Parker and Sarvary, 2000; Chandrasekaran and Tellis, 2008;
Van Everdingen, Fok, Stremersch, 2009). The key research questions relate to
whether Rogers’ categorization of early adopters allowed for capturing important
nuances in the adoption behavior occurring in culturally and economically distinct
countries: how does a change in these parameters influence the time to take-off and
the overall diffusion of new products? What other factors affect the diffusion of new
products across different countries? The majors academic work referenced in our
research on this topic are Sterman (2000), Dekimpe, Parker and Sarvary (2000),
Tellis, Stremersch and Yin (2003), Chandrasekaran and Tellis (2008), Van
Everdingen, Fok, Stremersch (2009) and finally Peres, Muller and Mahajan (2010).
The emerging consensus is that the average time to take off varies substantially
between developed and developing countries, with products taking off fastest in
Japan, followed by the United States and some European countries. While still little is

known about the diffusion of innovations in emerging economies of Africa, Latin
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America and Asia, it becomes clear that “the take off is driven by culture and
wealth”, in addition to other drivers, such as product characteristics (Chandrasekaran
and Tellis, 2008). This research work will explore further on a considerable set of
drivers which have been found to play an important role in the international diffusion
of innovations.

With the current understanding of the take-off engine setting in motion the
diffusion mechanism, there is also a need to explore how the imitative adoption can
be additionally fuelled by the innovative adoption. The reason for this is to further
gain understanding on how to speed up the diffusion process of new products and
technologies, thus extending the adoption opportunities to each market segment.

As already specified in the introductory part of this dissertation, there is need to
help both policy-makers and marketing practitioners in designing optimal ICT sector
development strategies to ensure the inclusion of a broader category of adopters. To
do that one needs to take a holistic approach to the analysis of the diffusion process
and gain relevant understanding on the impact certain policies or marketing actions
can have on the entire system. There is evidence that a holistic analysis can help
managers make a success of their practice and address broad, strategic issues
regarding the diffusion of technological innovations. In a comprehensive review
Jackson (2006) provides a set of guidelines under the name of creative holism that
seeks to be “multi-paradigm, multi-methodology and multi-method orientation in
highly complex dynamic systems”.

Embracing this approach, systems thinking is taking a broader and holistic view
on the issue of technological innovations diffusion (O'Connor and McDermott, 1997;
Sterman, 2000; Jackson, 2003, 2006). Standing in contrast to Descartes' scientific
reductionism, it proposes to view systems (i.e. markets, industries, organizations, and
even human relations) in a holistic manner, by examining the interconnections and
interactions between the components that compose the entirety of a system. This
research work is largely inspired by this approach and will take new, more complete
look at the process of diffusion.

From a theoretical standpoint, building up a conceptual model incorporating the
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major factors affecting the diffusion of innovations, along with identifying the
linkages among them and capturing the evolution over time of the entire system,
represents a potential for enhanced understanding of the complex issues in the
academic field of technological innovations and diffusion theories. In this
perspective, this research work should lead to building a non-linear dynamic model
for the diffusion of new products and innovations, by applying the system dynamics
methodology and presenting it as a framework analysis for strategic marketing
decisions. The later presents a tangible interest to marketing practitioners and policy-
makers, enabling them to take better informed and more accurate decisions, and
design more effective policy actions.

The following section will present more in detail the methodological choice for

this research.
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11. METHODOLOGICAL APPROACH AND RESEARCH

OVERVIEW

The research methodology focuses on designing a holistic framework for the
analysis of mobile technologies diffusion processes, based on a multidisciplinary
literature review and conclusive interviews conducted among innovation and
development experts. In order to capture the non-linear forces at play and the
complex interactions (feedback loops) between macroeconomic, corporate and
consumers dynamics, we use the System Dynamics modeling approach. It enables us
to assess the implications of policy strategies in complex and highly integrated
environments.

The methodological approach envisioned for this research embraces two major
challenges:

- describing in a holistic approach the complexity and diversity of factors at
play in innovations diffusion dynamics by building an integrated diffusion
model; and

- exploring model behavior and suggesting relevant policy actions and
recommendations towards reaching the research objectives;

The system dynamics approach used the modeling purposes is a methodology
designed for analyzing and understanding complex feedback systems. Influencing
factors, time delays as well as dynamic relations between factors and effects can be
assumed and used for simulations and scenarios building (Morecroft, 1985; Sterman,
2000; Schmidt, 2006). Whereas the aim of system dynamics modeling is to better
understand the relationship between underlying structure and behaviour of the
feedback system, it can also — at least in principle — be used for forecasting
(Milling, 1986; Lyneis, 1998; Schmidt and Baier, 2006). Notwithstanding the broader
possibility of the system dynamics methodology, in this research work we’ll only

explore the modeling approach, allowing for enhanced understanding of the dynamics
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R2 MAE / Mean RMSE Fit'*:
Number of Ref. Ext. Ref. Ext. Ref. Ext. Ext. vs.
observations model model model model model model Ref. model
Estonia 4 0.9994 0.9992 2.1% 2.5% 0.61% 0.69% -
Russia 3 0.9957 0.9969 5.1% 4.4% 2.26% 2.06% +
Turkey 3 0.9853 0.9958 8.4% 4.9% 1.34% 0.75% ++
Argentina 6 0.9938 0.9852 9.3% 8.6% 0.71% 0.76% 0
Brazil 6 0.9936 0.9939 9.2% 9.8% 0.64% 0.66% 0

It shows that over the 17 countries, the extended model seems to offer better
fitted calibration to the 3G mobile sales datasets that the reference model. Goodness-
of-fit could be qualified as significantly better in 5 cases, somewhat better in 6 cases,

no significantly changed in 4 cases, and somewhat deteriorated in 2 cases.

Although in the framework of this research, no sufficient information would
have been available at country level to investigate historical factors determining the
relevance of the proposed model, we have tried to conduct such analysis at graphical
and conceptual levels:

The following graphs on the left represent the fitted penetration curves for the
Bass and the extended model, as well as the historical curve. The figures on the right
enable to better visualize the magnitude of residuals for each curve, along the

diffusion period.

The first four sets of graphs focus on the countries where significant fitting
improvement has been observed based on the RMSE and MAE/MEAN indicators
(the case of Turkey is not illustrated as the calibration was based on only 3 historical

data points):
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The improved calibration would therefore reflect the added-value of the
extended model socio-economic components 2 and 4, by incorporating
two major dimensions of telecom product diffusion: market socio-

economic heterogeneity and confidence effects

e In the case of Norway, we see that two models offering a very strong fit on
the 6 to 7 years when historical data is available can significantly differ in
their “projections” on the 8th year. This underlines the importance of using
additional, qualitative criteria to assess the relevance of a model. It confirms
as well that such modeling approach, in particular when applied to diffusion
of innovation where historical information is limited, should not be
considered as a predictive tool. Its relevance should rather be sought in

its capacity to represent and support the analysis of policy actions.

29. OVERVIEW OF MODEL EXTENSIONS AND BEHAVIOUR

The Core diffusion system dynamics model based on Bass diffusion model has
been extended with the addition of four new feedback loops (components) which
have been built using insights from both literature review and interviews, as

1llustrated in Tableau 7:

Table 18: Summary of the feedback loops/new components added to Bass diffusion model

Model Captured concept / | Key related variables
Component dynamics
name
Product - Marketing mix - Price
accessibility
- Market - Fraction of financially able to adopt
heterogeneity
Product - Market - Available telecom budget after
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"Assouvir la Soif pour I'Innovation: Modélisation de la Diffusion
des Technologies Mobiles”
Résumé

L'expérience montre que les technologies de l'information et des communications
(TIC), et services de télécommunications mobiles en particulier, peuvent stimuler une
croissance économique soutenue et contribuer au développement humain. Au coeur du
secteur des TIC, les technologies mobiles sont de plus en plus utilisées comme un outil
transformationnel pour favoriser la croissance économique, accélérer le transfert des
connaissances, développer les capacités locales, améliorer la productivité et réduire la
pauvreté dans de nombreux secteurs. A cet égard, au cours de la derniére décennie, le
développement des TIC est devenu un domaine stratégique d'engagement politique dans les
économies émergentes. Afin d'accompagner les décideurs politiques et les marketeurs dans la
conception des stratégies optimales de développement du secteur des télécommunications, les
chercheurs s’intéressent de plus en plus aux obstacles entravant le déploiement des solutions
TIC dans le monde en voie de développement. En tant que contribution a ce domaine de
recherche, cette étude vise a (i) identifier les déterminants économiques et socioculturels
affectant la capacité des pays émergents a adopter les nouvelles technologies et innovations,
et a (i) proposer des principes d’actions et de politiques susceptibles de favoriser la diffusion
des solutions TIC dans les pays émergents qui sont caractérisés par une forte inégalité des
revenus et par l'aversion au risque.

Descripteurs : innovation, diffusion; TIC; technologies mobiles, systemes dynamiques;
modeélisation,

"Quenching the Thirst for Innovation: Modeling the Diffusion of
Mobile Technologies”

Abstract

Evidence shows that information and communications technologies (ICT), especially
mobile telecommunications services, can lead to sustained economic growth and human
development. Mobile technologies are increasingly used as a transformational tool to foster
economic growth, accelerate knowledge transfer, develop local capacities, raise productivity,
and alleviate poverty in a variety of sectors. In that respect, in the last decade, ICT
development has become a key strategic area for policy engagement in emerging economies.
To support policy-makers and marketing practitioners in designing optimal
telecommunications sector development strategies, an increasing research focus is now being
placed on the impediments to implementing ICT solutions in the developing world. As a
contribution to this field of research, this study aims at (i) identifying the economic and
socio-cultural determinants affecting the capacity of developing countries to adopt new
technologies and innovations, and at (ii) defining relevant policy principles likely to foster the
diffusion of ICT solutions in emerging economies that are characterized by strong income
inequality and uncertainty avoidance.

Keywords: innovation; diffusion;, ICT; mobile technologies, system dynamics;
modeling;
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