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MOBILE 5G TECHNOLOGY ADOPTION INVESTMENT TIMING DECISION
MAKERS CLUSTERING AND WILLINGNESS TO INVEST UNDER VOLATILE
DEMAND CHANGES

Saulius Adamauskas?, Rytis Krusinskas?

Abstract: Enterprises need to identify the optimal timing for technological change in order to increase
competitiveness and increase the value of the company in an uncertain demanding environment. Investment
decisions for adopting new technologies are costly and sometimes risky because technological investments are
irreversible. To simulate the process, comprehensive technological adoption regarding investment timing was
used in a management decision support model. The constructed model is structured as follows: 1) historical
demand paths analysis; 2) application of statistical data validity tests; 3) the forecast of market parameters
regarding data arrays using the geometric Brownian motion method, based on Monte Carlo simulation; 4)
determination of technological life cycle using a Hodrick—Prescott filter; 5) technological adoption time-window
determination; and 6) calculation of company net present values (NPV) based on change in free cash-flow. The
model for mature 5G mobile markets, created and empirical tested, was performed in relation to 18 largest
Europe mobile service providers, as potential decision makers operating across 33 countries. Results confirmed
that selection of the technological investment time depends on companies’ strategic financial decisions and
financial state. The performed simulations revealed the consequence of 5G technology investment for investor
roles, clustered according to financial data within a 5-year period (2010-2014). The analyzed companies were
assigned to roles of pioneers-innovators, pragmatics, followers, or laggards. Finally, it is assumed and argued
that financial parameters indicate the willingness to adopt new technologies in a global technologically changing
environment.
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Introduction

Revolutionary changes in the market affect economic development and its growth rates. Within
stochastic innovational processes, uncertainties can be found that encompass generations of
new technologies, their development, and a technologically changing environment. Due to this, in
recent decades, academic research and literature have been focused on analyzing technological
development, efficiency of usage, investment timing issues, and integration within business
and economic environment. This has resulted in technologies that are multidisciplinary and
interrelated between different industries, supply chains, ecosystems, society, and other entities. Thus,
in a globally volatile environment, competing companies with activities based on technologic
resources are forced to make strategic decisions about the management of technology. Thus,
paradigms of innovation and technological development become an inseparable part of the global
economic development. From this point of view, these paradigms could be considered as competitive
advantages. A variety of technologic achievements in different economic sectors, such as information
technologies, chemistry, energetics, medicine, electronics, and other industries, have features
that rapidly change and this constrains the forecasting and predictions previously mentioned regarding
the development and aggregation of paradigms. For these reasons, companies need to involve
technological adoption, development, and upgrade issues into strategic decisions to keep and
increase competitiveness. Due to a volatile environment, companies are following every innovation,
and are forced to invest in risky projects in order to not miss a possible technological leap in
the market as well as the opportunity to commercialize new technologies more rapidly than ever
before.

The technological upgrades, turnovers, or shifts are complex processes related to high risk in
organizational systems, processes, products, services, and industries. Consequently, those companies
that aim to manage technological risks, in this way, remain competitive by a variety of means, which
includes the company’s internal resources; macro-economic factors, such as demand, product,
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industry, and technology life cycles; and social environment. The analysis of academic literature
shows that timing in technological investment or adoption is most crucial for managing the
optimal technological change in terms of successful products and services or both, or remaining
competitive in the market, as well as financially sustainable. Certain technological management
decisions could be implemented only at certain times, because technologies develop faster than
industry.

Literature Review

Many fundamental works, dedicated to solving problems in the development of technologies within
the theoretical framework, were created. Such authors are Schon (1967), Friar and Horwitch (1985),
Bohn (1994), Drejer (2000), Stock and Tatikonda (2000), Perez (2001, 2002, 2009), Jaffe et. al (2002),
Rogers (2003, 2010), Ireland and Webb (2007), Rothaermel (2008), Heffner and Sharif (2008), Kaplan
and Tripsas (2008), and Tan, Chong, Lin and Ezeet al. (2009) who provide fundamental background
and benchmarks for theoretical and practical studies in technological change. Well-known authors who
have continued analysis in the technological change environment are Jones (2005), Mokyr (2005),
Crabtree (2006), Grossmann and Steger (2007), Teixeira (2012), Gorodnichenko and Schnitzer (2013),
and others. These have studied fundamental sources of economic growth and development, with
emphasis on technological fields and opportunities for learning of technology.

Recent developments in economic life cycles and recent academic studies were performed by Hsueh
(2011), Verganti (2011), Taylor and Taylor (2012), Pol (2012), Shahmarichatghieh, Tolonen and
Haapasalo (2015), Lobel, Patel, Vulcano and Zhang (2015), and others. Market timing decisions cover
multi-disciplinary issues in strategic management. Especially, the frequent defining of optimal timing
in the previous years’ academic literature involving a variety of elements underlined by Krusinskas
and Vasiliauskaité (2005), Moon (2010), Wong (2010, 2011), Henderson (2010), Butler, Cornaggia,
Grullon and Weston (2011), Svensson, Stromberg and Patriksson (2011), Yagi and Takashima (2012),
Bolton, Chen and Wang. (2013), Chou, Sung, Lin and Jahn (2014), Hagspiel, Huisman and Nunes
(2015), and others. Nonetheless, as pointed out by Chen and Ma (2014), most literature regarding
technological adoption relates to the perspective of the psychological acceptance of new technologies
by individual users or organizations.

In today’s intensive development of the global economy, companies are challenged to remain
competitive and continue to offer customers a line of innovative and state-of-the-art technology, in
products and services. Thus, in technologically intensive industries, investments in technological
adoption are inevitable and methods of assessing investment timing and competitiveness have been
analyzed by such authors as Scarso (1996), David, Hitt and Gimeno (2001), Krishnan and Loch
(2005), Kor (2006), Bouis et al. (2006), Pertile (2007), Bhaskaran and Ramachandran (2011), Jaksi¢
and Jaksi¢ (2012), Martinez (2013), Hori and Osano (2013), Biagini et al. (2014), and others. In
general, authors focus on the conception of technological innovations, their efficient models in
different industries, and the aspects of value creation for the company. From a variety of optimal
timing studies, different types of decision support models have been investigated by authors, such as
Bar-Han & Maimon (1993), Benaroch and Kauffman (1999), Krusinskas and Vasiliauskaité (2005),
Kamarianakis and Xepapadeas (2006), Mukherji et al. (2006), Ngwenyama et al. (2007), Huang and
Da (2007), Wickart and Madlener (2007), Pertile (2007), Wong (2010, 2011), Moon (2010),
Henderson (2010), Shibata and Nishihara (2011), Whalley (2011), Yagi and Takashima (2012), Bolton
et al. (2013), Wong and Yi (2013), Nishihata and Shibata (2013), Feil and Musshoff (2013), Kim, Lee
and Sohn (2014), Jeon and Nishihara (2014), and others.

In general, research, development, and innovation empower a company to increase productivity to
create new products, improve the quality of products, and reduce existing costs. Furthermore, science,
technology, and innovation affect society and its development through growth in gross domestic
product GDP, creating and optimizing new jobs, increasing a country’s image compared with other
countries and creating a relevant environment for other businesses to start the circle again. Moreover,
research, development, and innovation could produce positive spillover effects in other companies,
sectors, and countries and these could be significant for a country’s economic development.
Technological innovation is a result of the interaction of research and development (R & D) and
entrepreneurial dimensions, executed in the network of organizations that create knowledge. This
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shows the growing importance of timing, marketing, quality management, and investments. Therefore,
it is critical to identify such companies and environmental issues that are required to maintain science
and technology (S & T) and R & D activities. It is necessary to examine, identify, and develop a
company’s unique set of resources and capacities, to assimilate opportunities provided by the
environment, and avoid restrictions imposed by the company’s internal assets.

After an analysis of academic literature, it could be stated, that the optimal timing of investing in
technological adoption should include an analysis of the historical development of products or services
or both with demand paths showing volatility as well as the technological life cycle. Furthermore, the
uncertainty of demand in the future needs to be projected and the technology life cycle continuity
integrated beyond that of the actual data. Through the data arrays in the analysis, being crucial for the
technological development, the volatility of demand and behavior investment parameters should be
considered. These combined empower those choosing to optimize the timing of investing in
technological adoption for competiveness in the market.

Data and Methodology

In the world’s markets, players currently compete not only by attracting potential customers with
ordinary products and services, but by “looking out of the box”. In other words, in this rapidly
growing technological era, all science and technology based companies eventually comprehend that
the pool of customers is not growing as rapidly as it did in the early part of the 21st century. Hence,
successful businesses stand on the business life platform, which has an existence period. In
past research, Adamauskas and Krusinskas (2016), created a theoretically comprehensive support
model for managing the timing of investment in technological adoption (a brief summary of the
model is presented in Table 1) and performed the empirical testing of this model in a potential
5G (5th generation mobile networks or 5th generation wireless systems) technology market, within 18
of the largest European mobile service providers representing the decision-makers operating in 33
countries.

According to Adamauskas and Krusinskas (2016), the model calculates the optimal timing for mobile
5G technology investment and reveals the decision value expressed as a TF. ratio, which shows the
proportion between value calculated, based on net present value (NPV) of free cash flow (FCF) with
discount factor as return on capital employed (ROCE). The time period analyzed involved 37 quarters,
starting from the fourth quarter of 2005 and ending in the 2014 Q4. Next, demand parameters for the
forthcoming 10-year period was projected. Simulation results revealed that mobile 5G standards are
expected to be operating in 2019-2020 with a technological peak period at Y2024. The results of
Hodrick—Prescott filter were logically validated and forecasted the beginning of 5G technology
generation in the first quarter of 2018. The results showed that the window of investment started at
Y2014 and ended at Y2019. In other words, 4.3-10.5 years starting from Y2024.

From a financial management and technological adoption point of view, it could be said that, despite
all market players having same information and technological surrounding, investment timing for
technological adoption should be varied depending on the financial state of the market participants.
Nonetheless, this research aimed to create clusters of selected companies in investor roles such as
pioneers-innovators. pragmatics. followers, and laggards (Rogers (2003) and define these financial
parameters: capital expenditure (CAPEX) to revenues, return on capital employed, EBIT, EBITDA,
and proportion of value created after the period analyzed to the current market value, TF.. It was
assumed and argued that the financial parameters indicated a willingness to adopt new technologies in
global technological environments. Selected markets involved such countries as Austria, Belarus,
Belgium, Bulgaria, Croatia, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece,
Hungary, Ireland, Italy, Latvia, Lithuania, the Netherlands, Norway, Poland, Portugal, Romania,
Russia, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, Ukraine, and United
Kingdom (market data selection was limited to data availability, and thus, in this research, it was
assumed, that these countries and companies operated in the mobile network market). Annual financial
statements of the 18 market participants were analyzed in a 5-year period (2010-2014) and the
parameters of the clusters were calculated by averaging the market players’ financial indicators
according to the investor role assigned.
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Table 1: The structure of a comprehensive decision support model for managing the timing of
investment in technological adoption

Instruments/Measures Stage Results
Actual historical data: market data, | 1. Historical demand 1. It is assumed that demand volatility depends on
previous academic research data, | paths analysis two parameters:

statistical analysis and synthesis of
fragmentary knowledge on the subject.

- Average market revenues (Revenues)

- Quantity of subscribers (Subscribers).

2. Determination of mentioned parameters dynamics
and growth rates in terms of selected geographical
area as well as the penetration rates changes.

3. Current and previous mobile technology
generation development features.

Determination of average market
revenues (Revenues) and Subscribers
dynamics statistical validity tests.

2. Statistical data
validity tests

Statistical validity tests applied:

1. Dickey — Fuller test (for stationarity of both time
series).

2. Q-Q plots (ascertain of Normal distribution).

3. Autocorrelation test

4. Kolmogorov-Smirnov test (ascertain of Normal
distribution)

1. Determination of demand paths — 40
iterations of both Revenues and
Subscribers projected.

2. Determination of MARPU (Market
Average Revenue Per User)

3. Dynamics and statistical analysis and
synthesis of fragmentary knowledge on
the subject.

3. The forecast of data
array using geometric
Brownian motion
method based on Monte
Carlo simulation

Geometric Brownian Motion (hereafter, GBM)
process based on Monte Carlo simulation used to
define forecasted parameters belows3:

1. 40 iterations of market Revenues.

2. 40 iterations of Subscribers.

3. 40 values of MARPU rate.

Determination of mobile technology
life cycle in accordance of historical
(stage 1) and forecasted data (stage I11).

4. Determination of
technology life cycle
using Hodrick —
Prescott filter

Hodrick-Prescott filter used to define the stages and
maturity of upcoming new 5G mobile technology.

Optimal investment timing window for
each service provider (market player;
according to financial data availability)
calculated based on separate market
player financial data and previous
model stages results in terms of
CAPEX  payback terms. These
parameters present the time moment
according to technology life cycle
(considered as optimal investment
timing moment), when the market
player shall start investing into new
mobile technology adoption.

5. Technology adoption
time window
determination

Technology Adoption Window ratios shall be
determined for each market player in selected
geographical area based on two different methods:

1. Method. Parameters defined:

- Actual Capex to Revenues ratios for each player;

- Stand dev. from mean rates for each player;

- Forecasted CAPEX to Revenues ratios for each
company (hereafter, CRc);

- Technology Adoption Window (hereafter, TAWc?).
2. Method. Parameters defined:

- Market CAPEX values (Market CAPEX?2);

- Forecasted CAPEX to Revenues ratios for each
company (hereafter, NCRc);

- Technology Adoption Window (TAW?).

Net present values (hereafter, NPV) for
each market player calculated as well
as companies’ values based on Free
Cash Flow changes. On purpose to
appreciate the impact of decision
timing, relationship  with  Market
Capitalization determined. Two
scenarios shall be applied in terms of
individual ROCE or average ROCE
selection.

6. Company value
(NPV) calculation based
on Free Cash Flow
changes

Net Present Values shall be determined in the
Plateau of upcoming 5G mobile technology life
cycle. NPV to Market Capitalization ratio shall be
determined as a proportion of value created after
period analyzed to the current market value.
Additional parameters defined:

- Forecasted Free Cash Flows values for each player
(FCFC);

- Return on Capital Employed (hereafter, ROCE.);

- Average Market Return On Capital Employed
(hereafter, ROCEavg);

- Continuous value for each player (hereafter,
COnVc);

- Proportion of value created after period analyzed
to the current market value (hereafter, TFc).

Source: Adamauskas and Krusinskas (2016)

3 The amount of 40 iterations is used to calculate 10-year period, while each iteration is quarterly based.
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Results and Discussion

Despite companies having similar information about the volatile changes in demand, the technological
development cycle and past inventions, each company had different investment roles with different
financial resources. Thus, the entry to the technological adoption cycle had various parameters.
Considering the moment of technological adoption (calculated as time before peak of technological
life cycle), 18 competing companies were assigned investor roles as follows: 9-10 years until
technological peak were pioneers-innovators; 8 years were pragmatics; 7 years were followers; and 4—
5 years were laggards (Table 2).

Table 2: Strategic technological investment roles for companies of this study
Strategical role Time before peak of Companies assigned
technological life cycle
(years)

Pioneers-innovators 9-10 | Deutsche Telekom AG; TDC AJS; Telecom lItalia
SpA

Pragmatics 8 | Belgacom SA; BT Group PLC; Elisa OYJ; Turkcell
lletisim Hizmetleri AS

Followers 7 | Tele2 AB; TeliaSonera AB

Laggards 4-5 | Mobile TeleSystems OJSC; Orange Polska SA;
Rostelecom OJSC; Swisscom AG; Telefonica SA;
Telekom Austria AG; Telenor ASA; Turk
Telekomunikasyon AS; VimpelCom Ltd

Source: Authors

In Table 3, the average financial ratios are presented according to the different investor roles. It was
found that the earlier a company started to adopt new technologies, the higher the company share
(proportion) of its market capitalization (as at December 31, 2014) will be generated, or in other
words, TF. was highest for pioneers-innovators with an average ratio up to 84.2% (individual ROCE)
and 58.2% (average ROCE). Meanwhile, the individual and average ROCE for pragmatics was 37.8%
and 44.6%, respectively. Followers had the smallest proportion of market capitalization with an
average value of only 21.0% and 18.0%, respectively. Individual company ROCE ratios were achieved
from each company’s finances. Meanwhile, the average ROCE was calculated using all selected
companies’ averaged finances.

Table 3: Average financial ratios under different investor roles

Investor roles CAPEX to Revenues ROCE EBIT EBITDA TR TF?2

% % % % % %

Pioneers- 11.11 6.15 12.67 44.06 84.2 58.2
innovators
Pragmatics 13.24 16.65 17.17 31.53 37.8 44.6
Followers 15.08 10.06 15.20 28.35 21.0 18.0
Laggards 23.61 12.94 17.92 41.18 37.9 41.1
Source: Authors

The batch size of companies had more than EUR 561 million of assets and EUR 278 million of
revenues (5-year average as of 2010-2014). Selected companies generated more than EUR 551
million of EBITDA and spent more than EUR 203 million of CAPEX in a 5-year period. It should be
noted, that the average growth rate of EBITDA was negative from 2012 and equaled —1.13%.
Meanwhile, the sales growth ratio was positive and average value was 2.78%. The 5-year average
return on capital employment was 14.70% with a maximum 40.18% and minimum —4.71%. The
average in each year of technological efficiency ratio (TFE = EBIT + Non-current assets) decreased
from 16.75% in 2010 to 40.00% in 2014. However, the average TFE in the 5-year period reached
14.38%. The average 5-year CAPEX to revenues ratio was 18.30%, which meant that up to a fifth of
the revenue would be allocated for capital expenditure. It is noted that the ratio increased in the 5-year
period: 15.47% in 2010 and 17.20% in 2014 with an extraordinary ratio in 2013, and the CAPEX to
revenues reached 23.85%. Another important insight was that the CAPEX growth rates had an average
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growth of 8.00% in the fifth year. However, in the period analyzed the ratios decreased from 22.58%
to —3.31%, which meant that mobile service providers were either reducing the CAPEX or the current
technology did not require such high capital expenditure. The results of the model and clustering are
graphically presented in Figure 1.

The first wave (gray shaded area) represents the life cycle of the current 4G (LTE, a 4G mobile
communications standard) mobile generation, while the second wave shows the life cycle of the future
mobile 5G generation. The upper line (blue) shows the technological investment hype life-cycle.
Market players were distributed according to the investment time windows, where investment
strategies could be assigned with crucial insights: pioneers-—innovators had the lowest CAPEX to
revenues ratio (13.24%) and the highest EBITDA (44.06%) in comparison with pragmatics (31.53%)
and followers (28.35%). This can be explained by a long investment period, where depreciation had
affected EBITDA calculation. On one hand, the EBIT (12.67%) was the lowest in comparison with
other strategies of (17.77% and 15.20%, respectively). On the other hand, the latest market players had
the highest CAPEX to revenues ratio (23.61%) and almost the same EBITDA as innovators with
41.18%. Thus, CAPEX to revenues ratio, as the variable that reflects the returns after capital
expenditure the most, could be used to determine the optimal timing for investing in technological
adoption in the context of the model. According to the results, such parameters as CAPEX to revenues,
ROCE, EBIT, and EBITDA indicate the investor roles with a willingness to invest and empower
market players to model their expected financial status for the future under the influence of
technological adoption.

Figure 1: Mobile 5G technology adoption optimal investment cycle and technology hype life-cycle
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Conclusion

During recent decades, it had widely been agreed that technologies are one of the most important
factors for economic growth. Due to this phenomenon, business enterprises need to identify the
optimal timing of technological change in order to increase competitiveness, and create value of the
company in an uncertain demanding environment. Analysis results confirmed that information
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regarding technological change is the same for all market players; selecting the time for technological
investment depends on companies’ strategic financial decisions and financial state; and finally,
parameters that influence the willingness to invest appear to be CAPEX to revenues, ROCE, EBIT,
and EBITDA, which combine in various ways according to investor roles.
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