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Introduction to Strategic Analytics

Objectives

1) To explain Strategic Analytics

2) To introduce the main pillars of the book: the fields of analytics, management
science, information technology, statistics and strategic management

3) To explain the fields of analytics, management science, information technology,
big data analytics and strategic management

Learning outcomes and managerial capabilities developed

1) Managers can learn to tackle complex problems in strategy through the integra-
tion of analytics within strategic management processes

2) Principles of Analytics: tools, support systems and methods

3) Identification of strategic problems

In today’s environment, managers face turbulence and crisis. More information
than ever is generated continuously: social media, financial performance man-
agement systems, customer relationship management systems, and internal
and external reports. There are powerful trends: measuring and quantifying
everything and skills in quantitative subjects are widely available. The problem
for managers is not only to make sense of abundant quantitative information
but also to engage with staff possessing analytical skills. Simultaneously man-
aging multiple factors under pressure requires new managerial capabilities.
Managers need to develop their strategies using clear strategy processes sup-
ported by the increasing availability of data. This situation calls for a different
approach to strategy, such as an integration with analytics, as the science of
extracting value from data and structuring complex problems.

Managers’ decision processes can fall into a continuum which has on one
hand pure analysis, which relies on established processes, and pure synthesis
that involves identification of patterns and new ideas (Pidd, 2009). Strategic

Strategic Analytics: Integrating Management Science and Strategy, First Edition. Martin Kunc.
© 2019 John Wiley & Sons Ltd. Published 2019 by John Wiley & Sons Ltd.
Companion website: www.wiley.com/go/kunc/strategic-analytics
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planning involves a mix between both extremes: analysis to identify problems
and synthesis to observe trends and emerging situations before competitors.
However, there is not a clear process when combining the two. Sometimes,
emerging situations are discovered and then analysis is employed to confirm
their impact while transforming them into new emergent strategies. In other
circumstances, there is a careful planning process involving extensive data
gathering and the construction of complex financial, operational and other
type models to validate the new strategies.

The idea behind “Strategic Analytics” is to answer a simple question: how
can quantitative and qualitative information be used to make strategic deci-
sions? Strategic Analytics does not imply turning managers into quantitative
analysts or quantitative analysts into expert strategists. Organizations need
interdisciplinary teams comprised by members who can talk to each other
sharing a common language. Thus, Strategic Analytics works on the basis of
providing a reasonable understanding of how a variety of quantitative meth-
ods, in conjunction with structured and unstructured data, can be used to help
strategic decision making in any organization. There is also the intent to show
the real and practical benefit of Strategic Analytics. Strategic Analytics does
not pretend to offer easy solutions to strategic problems but different ways of
analyzing and solving strategic problems beyond the traditional qualitative
approach to strategic management. Strategic Analytics is also an understand-
ing of the context and processes in which analytics skills can be applied to
support strategic management.

Future managers are taught a wide variety of concepts in strategy subjects
but they are not taught how to apply them or even to connect them to related
problems. Future managers need to develop capabilities to tackle problems
that are not structured in a neat way like case studies are. In that sense, each
chapter focuses on a case study with limited information that has to be solved
applying a combination of theoretical concepts and analytical methods (quan-
titative and qualitative). The aim of this founding principle is to integrate stra-
tegic concepts with analytical tools in a unique set of capabilities (skills) to help
future managers to tackle strategic problem using multiple sources of informa-
tion. The main benefit is that quantitative methods, which are usually seen as
a difficult experience for managers, are connected with a hands-on subject like
strategy. Therefore, managers can learn capabilities to tackle complex prob-
lems in strategy through the integration of analytics (quantitative/qualitative
methods to extract value from data) within strategic management processes.
Therefore, the book will provide a bridge to integrate quantitative methods
with their application in strategy adding rigorous methods to solve real issues
in strategy.

The rest of the chapter introduces the main pillars of the book: the fields of
analytics, management science, information technology, statistics and strate-
gic management.



1.1 Whatis Analytics?

1.1 What is Analytics?

Organizations are competing using analytics because there is an increasing
amount of data, people with capabilities to use data and, in a highly competitive
environment, it is more difficult to compete effectively. While organizations can
use basic descriptive statistics from any of their existing data, organizations using
analytics apply modeling to understand their environments, predict the behavior
ofkeyactors, e.g. customers and suppliers, and optimize operations. Organizations
can obtain competitive advantage using multiples analytics applications but it
requires a new type of organization and management (Davenport, 2006):

a companywide embrace of analytics impels changes in culture, pro-
cesses, behavior and skills for many employees. And so, like any major
transition, it requires leadership from executives at the very top who
have a passion for the quantitative approach... CEOs leading the analyt-
ics charge require both an appreciation of and a familiarity with the
subject. A background in statistics isn’t necessary, but those leaders
must understand the theory behind various quantitative methods so
that they recognize those methods’ limitations-which factors are
weighed and which ones aren'’t... Of course, not all decision should be
grounded in analytics... For analytics-minded leaders, then, the chal-
lenge boils down to knowing when to run with the numbers and when to
run with their guts (Davenport, 2006: pages 102—103)

An analytical perspective is important, when data has become a key strategic
asset of organizations in recent years, and analytics creates value by delivering
systematic decision support in a well-timed way (Laursen and Thorlund, 2010;
Holsapple et al., 2014). Business analytics, one of the multiple branches in
Analytics, comprises three key elements: Information Systems, Human
Competencies, and Business Processes (Laursen and Thorlund, 2010). Business
analytics reflects the convergence of three disciplines: statistics, information
systems, and management science (Laursen and Thorlund, 2010). While the
supporting disciplines are traditional, the innovation lies in their intersections.
For example, data mining aims to understand characteristics and patterns
among variables in large databases using a variety of statistical analysis, e.g.
correlation and regression analysis. Information technology provides data and
supports decision support systems, which are sustained by management sci-
ence tools together with statistical analysis, for the development of analytics.
Business analytics is rooted in advances of information technology systems,
which involve the acquisition, generation, assimilation, selection and presen-
tation of data, together with tools, statistics and management science, to
develop the data into knowledge to support decision making. In a similar defi-
nition, Mortenson et al. (2015) suggest analytics is the intersection of basic

3
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disciplines: technologies (electrical engineering and computer science), deci-
sion making (psychology and behavioral science) and quantitative methods
(mathematics, statistics and economics); and their applications: information
systems, artificial intelligence and operational research. Figure 1.1 shows
Mortenson et al’s (2015) representation of the concept of analytics.

In terms of types of analytics, Davenport proposes three types: descriptive,
predictive, and prescriptive (Davenport, 2013), which are described below.

o Descriptive Analytics. It employs traditional statistical skills to present data
collected from internal organizational activities and external data. It is uti-
lized to understand what happened during their past business activities in
order to disclose whether the current business objectives have been obtained.
Then the next step is to investigate the reasons behind the results by drilling
down into more detailed data and explore scientifically, e.g. test and validate
or reject hypotheses. It is characterized traditionally as data mining, busi-
ness intelligence and dashboards.

o Predictive Analytics. It involves statistical and mathematic techniques to
predict future unknown events or behaviors based on historical data to

Information

Technologies
Systems

Electrical Engineering
Computer Science

Decision Making

Psychology
Behavioural Science

Analytics

Artificial
Intelligence
(Machine Learning)

Operational
Research

Quantitative Methods
Mathematics
Statistics
Economics (Econometrics)

Figure 1.1 The analytics field. Source: Mortenson et al. (2015: figure 1, page 586).
Reproduced with permission of Elsevier.



1.1 Whatis Analytics?

support operations. Some of the popular techniques in this area cover deci-
sion tree, text analytics, neural networks, regression modeling, and time-
series forecasting. Predictive analytics also relies on data mining and other
machine learning algorithms to identify trends, patterns, or relationships as
volume, variety, and velocity of data increases.

e Prescriptive Analytics. It uses optimization and/or simulation to identify
the best alternatives to improve performance. Prescriptive analytics is used
in many areas of business, including operations, marketing, and finance. For
example, finding the best pricing or portfolio of new product investments
strategy to maximize revenue. Prescriptive analytics can address questions
such as: How much should we produce to maximize profit? Should we
change our plans if a natural disaster closes a supplier’s factory and if so, by
how much?

In terms of analytics, there is a wide variety of tools so an exhaustive list of
tools will be beyond the scope of this book. Table 1.1 shows a list of the most
common tools extracted from Gandomi and Haider (2015) and Chen et al.
(2012).

From a process perspective, Liberatore and Luo (2010) suggest analytics fol-
lows a four-step process. First, data is collected from diverse systems. Then
data extraction and manipulation are two tasks performed together with the
objective to obtain and organize the data for analysis. The second step is data
analysis comprising three activities: analysis; predictive modeling; and optimi-
zation. Analysis can involve presenting and analyzing data using interactive
tables, charts and dashboards. Predictive modeling is employed to estimate
trends, classify data and validate relationships. Optimization attempts to
obtain the optimal solution. The methods employed in this stage are discussed
in the next section. The third step is the interpretation of the analysis into
insights. Data visualization offers insights into what happened in the past. The
purpose of predictive modeling is to help to foresee future issues if the current
trends continue. Optimization gives potential solutions under certain situa-
tions. The fourth step involves translating the insights into actions related to
operational aspects, redefining processes or defining/adjusting strategies.

It is important to remember that big data and data science terms are differ-
ent: big data refers to the data in large volume; and data science to the methods
to analyze this data. One of the recent fields emerging from the rise of big data
and analytics is data science. Data science is as an interdisciplinary field that
combines statistics, data mining and other tools to generate analytical insights
and prediction models from structured and unstructured big data (George
et al., 2016). Data science focuses on the systematic study of the organization,
properties, and analysis of data and the process of inference together with con-
fidence in the inference (Dhar, 2013). Big data, as the raw material for data
science, has a set of characteristics: volume, variety and velocity. Building on

5



6| 1 Introduction to Strategic Analytics

Table 1.1 A selection of Analytics tools.

Method

Brief description

Suggested further
reading

Text analytics

Data analytics

Network analytics

Text analytics is employed to extract
information from textual data such as social
network, blogs, online forums, survey
responses, documents, news and any logs
from interactions with customers.

The basic tools to perform the analysis are
statistical analysis, computational linguistics
and machine learning. Some of the outcomes
from their use are:

o Information extraction generates structured
data from unstructured text

e Text summarization provides summaries
from multiple documents to present the key
information existing in the original text
considering location and frequency of text
units

e Sentiment analysis analyze text, which
contains opinions, to infer positive or
negative sentiment. The analysis can be
performed at document, sentence and
aspect levels

Data analytics comprises technologies based
on data mining and statistical analysis. More
specifically, data mining algorithms, such as
statistical machine learning (Bayesian
networks, Hidden Markov models), sequential
and temporal mining, spatial mining, process
mining and network mining, are the key tools.
Data mining algorithms perform
classifications, clustering, regression,
association analysis and network analysis.

It evolved from bibliometric analysis, citation
networks and co-authorship networks tools.
The current focus is on link mining, which is
the prediction of links — social relationships,
collaboration — between end users,
customers, etc., and community detection,
which involves representing networks as
graphs and applying graph theory to identify
communities

Another focus is on the dynamics of social
networks using agent-based models, social
influence and information diffusion models

Aggarwal and Zhai
(2012)

Berry and Linoff
(1997)

Hand et al. (2001)

Aggarwal (2011)




1.1 Whatis Analytics?

Table 1.1 (Continued)

Suggested further
Method Brief description reading
Visual analytics The objective is to facilitate analytical Andrienko and
reasoning through interactive visual interfaces Andrienko (2005)
that synthesize information from big, Dykes et al. (2005)
ambiguous and dynamic data. It integrates Simoff et al. (2008)

information visualization with data

management and data analysis together with

human perception and cognition fields. Some
applications are in:

e Spatial data such as geographic
measurements, GPS data, and remote
sensing

e Temporal data such as patterns, trends and
correlations of data over time

o Network data related to different real
networks such as transportation, electric
power grids, communities, etc.

the notion of volume, “data scope” refers to the level of completeness of data
describing events (George et al., 2016). Scope implies a wide range of variables,
whole populations rather than samples, and numerous observations on each
participant. A higher number of observations shifts the analysis from samples
to populations (McAfee and Brynjolfsson, 2012). Variety relates to the extreme
diversity in the type of data provided from internal and external sources from
numeric to textual data. In terms of velocity, data is streaming in at unprece-
dented speed and must be dealt with in a timely manner. Another characteris-
tic in addition to increasing velocity and variety of data is variability since data
flows can be highly inconsistent with periodic peaks occurring in different
units of time, e.g. minutes, days, months.

For the analysis of big data, there are a number of challenges because tradi-
tional statistical concepts apply to situations where a sample of the population
is analyzed; however big data can capture the entire population (George et al.,
2016). First, there is a (very) large number of potential explanatory variables
available. Secondly, the data are too large to be processed by conventional per-
sonal computers. Thirdly, a model that shows a strong relationship between
independent variables and the dependent variable together with strong predic-
tive validity, may not demonstrate a causal relationship between variables.
Causality needs a field experiment in which an independent variable is manip-
ulated for a random sample of the target population. Fourthly, statistical sig-
nificance becomes less meaningful when working with big data. Variables that
have a small effect on the dependent variable will be significant if the sample

7
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size is large enough and spurious correlations will appear when using a large
number of variables (George et al., 2016).

Laursen and Thorlund (2010) offer a useful guide to connect questions, type
of analysis and competencies required to perform analytics, see Table 1.2.

Table 1.2 Approaches to analyze big data.

Type of question

Type of analysis

Competencies required

Is there any relation
between an action
and the results
obtained?

What is the behavior
of a certain customer/
performance?

What is the
correlation between a
certain event and the
results?

Is the action causing
any effect on the
results?

The most basic analysis is to
retrieve a set of data that provides
evidence of the actions, e.g. price
changes, and results, e.g. sales
changes. Then, the data is
presented in a certain format, e.g.
a contingency table, bar charts,
etc., leaving the interpretation to
the users. This is usually the
realm of visual analytics
(Reference) or descriptive
analytics

Sometimes, there is no
knowledge about the
performance of a certain variable
so the result of this analysis is
simple descriptive statistics such
as sums, average, range and
standard deviations. This is
usually the realm of descriptive
analytics (Keim et al., 2008)

Hypothesis-driven analytics
employs statistical analysis and
the intention is to validate the
correlations between events and
results. Interestingly, the use of
traditional statistical tests to
validate correlations, e.g. 95%
confidence interval, may not be
relevant in the context of big data
since the data contains the whole
population (so a comparison of
the average between variables
may be enough) (George et al.,
2016). In terms of analysis, they
can be cross-sectional, e.g.
regression analysis, or
longitudinal, e.g. time series
analysis

Data manager or report
developer to retrieve data
and organize in a visual
format. No knowledge of the
business is required

Data manager or report
developer to retrieve data
and organize in a visual
format. No knowledge of the
business is required

Analytics to execute
appropriate statistical tests
and business knowledge to
ensure the quality of the
selection of the variables,
e.g. variables clearly describe
the business




Table 1.2 (Continued)

1.1 Whatis Analytics?

Type of question Type of analysis Competencies required
What can be learnt Data-driven analytics, e.g. data Computer science to develop
from the events that  mining and explorative analytics,  algorithms, e.g. neural
occurred/actions attempts to create models for network, decision trees,
taken? specific decision support. Thisis  binary regression, and
not theory driven but data driven. machine learning that search
In other words, the algorithms will across the data and creates
find the optimal model without models explaining the
restrictions. The quality of the relationships in the data
findings depends on the Business is also required to
performance in the data set not  evaluate the reasonability of
the theoretical significance. the model
However, there are validation
procedures such as testing the
model in a different subset of data
than the one employed to develop
it (Lismont et al. 2017)
Data-driven is best suited for
complex tasks due to changes in
data, large amounts of data and
variables, and limited initial
knowledge
What is the best Data-driven analytics can also be ~ Computer science to develop

model to describe the
factors driving the
results with and
without a clear
variable in mind?

performed with a specific variable algorithms to search for

in mind but no knowledge about  variables to create a model
the drivers of the variable. Then,

the model is employed in

predictive mode to find out future

events (predictive analytics). In

this case, data mining has a target

variable and a lot of input

variables without knowing their

impact on the target variable

Another analysis is just simply
looking for patterns in data. This
is employed when there is a large
set of variables that do not
generate sufficient information so
there is a need to reduce, or
group, them into a smaller, and
more meaningful, set of variables.
This is usually performed through
cluster analysis (Kaufman and
Rousseeuw, 2009), cross-sell or
basket analysis models (Berry and
Linoff, 1997) and up-sell models
(Cohen, 2004)
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1.2 What is Management Science?

While analytics provide the context for the use of data for decision making,
management science, together with statistics, is one of the engines behind ana-
lytics. According to Mayer et al. (2004), the six purposes of management sci-
ence in the area of supporting strategy making are:

o Research and analyze: Management science can generate knowledge in a
specific domain, and specific issues, to develop deeper understanding of the
impact of issues on the performance of organizations or society.

e Design and recommend: This activity focuses on translating available
knowledge into new strategies by making recommendations or designing the
strategies.

¢ Provide strategic advice: Its role is to provide advice to a client on a strategy
for achieving certain goals given a certain context (e.g. environment,
responses of other actors, etc.). It involves understanding the requirements
of the decision makers and the organization.

¢ Clarify arguments and values: In this role, management science practition-
ers analyze the values and argumentation systems that underpin the organi-
zational debate. Given this purpose, analysts seek to improve the quality of
the discussion detecting biases or limitations in the arguments

o Democratize: Analysis activities can have normative and ethical objectives
related to the stakeholders. Powerful interests can be involved affecting the
discussion so management science analysts can support views and opinions
overlooked due to the lack of power. For example, simulation models may be
useful to support claims over environmental impact.

e Mediate: In this role, management science designs the rules and procedures
for the strategic making process and manages the interactions and progress
of the process, especially facilitating meetings with different stakeholders
and strategic decision makers.

The top part of Figure 1.2 shows management science mostly oriented towards
objects and focused on systems, strategies, and models, while the bottom part
indicates its orientation to subjects, which comprises working with people (deci-
sion makers, stakeholders, experts) and their interactions during the strategic
management process. The arrows point to “styles” of analysis. When manage-
ment science encompasses systems and strategies, the styles are rational, argu-
mentative and client-advisory as it provides reasons and arguments to support
the decision-making process. When management science approaches the sub-
jective part of strategic management processes, the styles will be participative,
interactive and process-oriented since their role is to generate forums for discus-
sions where modes are “transitional objects” (Mayer et al., 2004).

In practical terms, the translation of a strategic problem to the analytical
world is accomplished through the process of finding meaning and structure to
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analyze recommend
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Provide strategic
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style style

Democratize Mediate

Interactive
style

Figure 1.2 Management science styles. Source: Walker (2009). Reproduced with permission
of Elsevier.

the strategic problem through the development of a model (Mayer et al., 2004).
The model helps to visualize the data required together with precise defini-
tions reducing ambiguity and confusion. The structure of the model can be
validated to identify incoherent statements and spurious assumptions. The
results of the model reflect the current and future behavior of the strategic
problem given the assumptions about the problem. Finally, experiments on
solutions and selection of strategic choices can illuminate a satisficing solution.
The importance of each of the previous steps, translation, visualization, valida-
tion, simulation and experimentation, depends on the emphasis of the use of
the model as indicated in Figure 1.2. A key aspect to highlight is the model
cannot be only one solution but part of multiple models or methodologies to
triangulate the strategic insights obtained. Figure 1.3 shows a categorization of
modeling methods in management science reflecting the richness of the field.
From a management science perspective, qualitative methods are predomi-
nantly employed to structure problems that are ill-structured (not clearly visu-
alized in the minds of the strategic decision makers) or parameters difficult to
quantify (Williams, 2008). The methods cover multiple set of issues. For exam-
ple, one strategic problem may consist of understanding interconnectedness
inside the organization and across industry (see Soft Systems Methodology,
Cognitive mapping and Causal loop diagrams in Table 1.3) or the need to man-
age interactions with other actors/stakeholders (see Drama theory in Table 1.3).
Other strategic problems addressed are uncertain futures (see Scenario

11
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Table 1.3 Qualitative methods in Management Science.

Figure 1.3 Basic categorization of modeling methods in management science.
Source: Adapted from Williams (2008). Reproduced with permission of John Wiley & Sons.

Suggested further

Method Brief description reading
Soft Systems Approach used to understand and model Checkland and Scholes
Methodology human activity systems. The process (1990)

involves appreciating the problem situation,

uncovering different views from the key

stakeholders, defining human activity

systems and identifying desirable and

feasible changes to improve the problem

situation
Cognitive Group-based process to make sense of Eden and Ackermann
mapping complex problems developing shared (2013)

Causal loop
diagrams

understanding using individual decision
makers’ construction of reality

It is a method to represent the feedback
structures responsible for the behavior of
systems. It involves identifying causal

relationships among concepts as well as the
type of linkage (positive or negative). It can

be a group- or individual-based method

Sterman (2000)
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Table 1.3 (Continued)

Suggested further
Method Brief description reading
Drama theory A modeling method to understand Bryant (2003)

Scenario analysis

Robustness
analysis

Decision trees

Analytic hierarchy
process

Multi-criteria
decision analysis

activities between two or more competing
or co-operating entities considering that
humans, as decision makers, may be
irrational so employing drama can be a
useful framework of analysis. It involves the
use of role play

It is a group process to help organizations  van der Heijden (2005)
to learn about future events by considering

alternative possible outcomes and how the

future will affect them through stories

It supports decision making when thereis  Rosenhead and
radical uncertainty about the future, so it Mingers (2001)
attempts to support rational decisions today

given unknowable future conditions. It

resolves the paradox by assessing decisions in

terms of the attractive future options that they

may keep open. It involves the use of decision

trees to evaluate the diverse configurations

to be faced at the end of the decision

It basically consists of a simple diagram of ~ No specific reading is
decisions and consequences considering the suggested since it is a
uncertainty of their outcome through their fairly standard
probabilities. The decisions and outcomes  technique available in
are represented as branches and nodes, so  quantitative methods
the tree represents a sequential path of the  books

set of decisions and their outcomes. Then

decision makers choose the optimal

decision, which reflects the maximum

expected values

It implies selecting between different Saaty (1980)
options considering the multiple goals a

decision maker has. The idea is to structure

the criteria set hierarchically, with the

overall goal of the decision at the top of the

model, and then comparing between pairs

of criteria while maintaining consistency

using decision-weights

It is similar to the analytic hierarchy process Belton and Stewart
but the main focus is on the use of diverse ~ (2001)

methods for evaluating the weights on the

criteria and then applying the weights to the

criteria scores for each individual option

13
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analysis in Table 1.3) or uncertainty in the strategic choices existing (see
Robustness analysis in Table 1.3). Qualitative methods can also work in situa-
tions where parameters are difficult to quantify (Williams, 2008) so the aim of
these methods is to support decision makers to quantify parameters leading to
an initial quantitative evaluation of the strategic problem. For example, decision
trees can evaluate strategic actions considering subjective probabilities (see
Decision trees in Table 1.3), and analytic hierarchy process and multi-criteria
decision analysis (see Analytic hierarchy process and Multi-criteria decision
analysis in Table 1.3) focus on the quantification of preferences in order to
evaluate strategic options and choices.

Methods to calculate one parameter or a certain attribute of a system
involve two types: deterministic; and stochastic. Deterministic methods can
include a simple profits statement analysis, where the attribute is profit, to the
evaluation of the relative efficiency across multiple decision-making units,
considering one dimension. Stochastic models assume that there is not one
unique result of a certain attribute but a range of values. Depending on the
purpose of the analysis, they can be evaluated as Statistical, Monte Carlo or
Probabilistic (Table 1.4).

Methods to replicate are utilized to understand how a system behaved
in the past, behaves currently or how it will behave in the future based on
models reflecting the interactions between the different components of the
systems. The aim of the methods is to achieve a representation of the sys-
tem that is accepted by the users (validation) while simple enough to

Table 1.4 Quantitative methods to calculate one attribute in Management Science.

Method Brief description Suggested further reading
Data Envelopment This method evaluates the relative Cooper et al. (2006)
Analysis efficiency of similar decision-making

units in terms of inputs and outputs.
The graphical nature of the tool allows
the decision maker to see the optimum
units at the frontier and highlight the
inefficient units

Statistics There is a large range of methods for Cortinhas and Black
analyzing data but the methods attempt ~ (2012)
to basically evaluate relationships
between variables (correlation),
independence between groups (factor
analysis), differences between groups
and treatments (analysis of variance),
grouping items (clustering) and finding
explanatory factors (regressions)
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Table 1.4 (Continued)

Method Brief description Suggested further reading

Monte Carlo It is a broad class of computational No specific reading is
algorithms that rely on repeated random suggested since it is a
sampling to obtain a range of possible fairly standard technique

outcomes and the probabilities they will ~available in quantitative
occur for any choice of action. It allows  methods books
considering risk in quantitative analysis

and decision making

Probabilistic It involves the use of probabilities to Cortinhas and Black
evaluate the future result of a certain (2012)
event based on judgmental, historical or
experimental information. There are
many different methods among them
Bayesian methods, Fuzzy methods,
Stochastic/Markov processes and Risk
analysis

understand how it works (conceptualization). The methods can be classi-
fied as deterministic and stochastic. The main deterministic method is
System Dynamics, a methodology developed at MIT in the late 1950s
(Table 1.5). Stochastic methods consider the existence of uncertainty in the
system and its impact on the performance of the system. The uncertainty
may be generated by randomness (discrete event simulation) or aggrega-
tion of multiple individual agents (agent-based simulation) (Table 1.5).
Modeling can be very useful when the organization is facing up to complex
issues as an interpretative approach to solve them. However, it is impossi-
ble to provide a comprehensive validation that a model is completely cor-
rect because of the interpretative approach to the complex problem. The
key is the process of modeling, especially problem and model formulation
(Robinson, 2004).

Simulation models can be used in different modes. The evaluation of their
use is discussed in Pidd (2009) and it is based on Lane’s folding star (Lane,
1995). For example, ardent modeling consists of the development of a formal
mathematical model, which is able to run simulations, in order to develop a set
of recommendations for changes in the real world. In qualitative modeling, the
development of the model provides common language for managers or stake-
holders to discuss their views of the system/problem under consideration. The
model is mainly used to facilitate interpretation of the problem so there is no
need to generate equations and gather data to run simulations. The main
objective is to appreciate the situation. When the model use is discursive mod-
eling, a formal mathematical model is developed with the objective to support

15
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Table 1.5 Quantitative methods to replicate in Management Science.

Method

Brief description Suggested further reading

System Dynamics

Discrete Event
Simulation

Agent-based
simulation

It represents organizations as a set of Morecroft (2015)
stocks and flows, which reflect
accumulation processes, and feedback
loops representing information flows
and causal relations between the
components of the organization. The
representation of the behavior is mainly
developed through time series of
variables. Models are developed in
either group- or individual-based
processes

This method evaluates the impact of Robinson (2004)
randomness in the behavior of people
or materials as they move through
business processes considering
resources available. People or materials
form queues until they are served in the
case of scarce resources. The behavior is
represented using rules and logical
relationships between the components
of the system. The main outcome of the
analysis is a probability distribution of
selected parameters

This method focuses on the decision- Macal and North (2005)
making processes of individual entities
and their emergent behavior over time.
It usually involves evaluating the
emerging behaviors resulting from the
interaction of multiple individual
entities. The focus is on understanding
how individuals behaving in a certain
manner and interacting with other
individuals generate macro-level
behavior

training through experimentation. Its aim is to foster learning and appreciation
of the complexity involved in certain situations.

The model acts as a practice or training ground for managers (Lane, 1995).
The model is generated to convey important theoretical elements, e.g. feed-
back processes, and includes guidelines to structure user’s experience (Lane,
1995). However, the interaction between the model and the users cannot be
completely structured so interpretation of the situation will also arise. Finally,
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theoretical modeling implies the development of a formal mathematical model,
which does not represent a specific problem or situation, to offer policy insights
and communicate the conceptualization of a problem in general terms without
specific users and with the intention to raise awareness.

Optimization methods develop models to find the “best” or “optimal”
solution from a set of possible solutions. These models have generally two ele-
ments: the objective function, which represents the set of decision variables
whose optimal value needs to be found; and a set of constraints, which limit the
values that the decision variables can take. There are two major types of mod-
els: deterministic; and stochastic (Table 1.6).

Table 1.6 Quantitative methods to optimize in Management Science.

Method Brief description Suggested further reading

Deterministic ~ There are different techniques under this Winston and Goldberg

optimization = method: linear programming (single (2004)
objective function, linear combination of
decision variables and the decision
variables can have any value except
non-negative); integer and mixed
programming (the only difference with
linear programming is that all or some of
the decision variables can only have integer
values); non-linear programming (the
objective function and the constraints are
related non-linearly); goal programming
(there are multiple competing objectives
but if the objectives can be weighted, then
the problem will be presented as single-
objective linear programming); and
dynamic programming (the problem is
divided into stages with a decision at each
stage subject to the state to move in the
next stage and the objective function has to
satisfy a recursive requirement such as cost
or distance)

Stochastic It is the process of maximizing or Heyman and Sobel (2003)
optimization = minimizing a mathematical or statistical

function when one or more of the input

parameters are subject to randomness.

Stochastic processes always involve

probability

The objective is to maximize the function’s

output value in the face of numerous

random input variables
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Given strategic management processes are complex and uncertain, it is
important to explore the consequences of strategic decisions and plans before
implementing them. Often the process of exploring the consequences is per-
formed intuitively by highly experienced managers based on their long experi-
ence. While it is definitively important to have experience, as well as deep
knowledge, in crafting strategy (Pidd, 2009), managers also have limited
rationality and are subject to biases and heuristics. Biases and heuristics are
useful in detecting patterns that resemble previous experience but strategies
tend to be forward looking and uncertain, so previous experience may hinder
rather than help managers.

Consequently, the role of external and explicit models, as the main outcome
of management science processes (an integral discipline in Analytics) is to pro-
vide the platform to capture the critical aspect of the issues the decisions and
plans are addressing. Management science models will not replace strategic
decision makers but they can be valuable tools to direct their thinking and
articulate existing knowledge. Models can account for conditions where deci-
sion makers are unsure about the result of a choice, so a formal model can pro-
vide optimized options for the set of choices under consideration (prescriptive
analytics). In other circumstances, the model may help to understand the cur-
rent situation to identify opportunities or threats using either existing big data
or eliciting assumptions (descriptive analytics). Models are also able to present
evidence of future issues when certain strategic decisions are implemented
(predictive analytics). In other words, models facilitate “procedural rationality”
(Pidd, 2009). Thus, models are concerned with the nature of strategy processes
(search, design and evaluation) rather than the outcome of the strategy process
(e.g. differentiation or low costs, diversification or integration). In that way,
models and modeling can be considered systematic procedures to support deci-
sion making of bounded rational decision makers (Pidd, 2009).

Strategy Analytics requires formal, illustrative and metaphorical models as
they are the most suitable for the issues faced during the strategy process.
Realistic management science models involving more operational detail, big
data and process dimensions can become a competitive advantage. This is usu-
ally the realm of strategic operational research (Bell, 1998) and this is a useful
description for many traditional big data analytics tools used currently in
organizations. In other words, big data analytics is a source of “competitive
advantage” but it does not directly support strategy design processes. Thus,
strategic analytics differs from operational analytics.

1.3 What is Information Technology: New Challenges?

Currently, information technology needs to consider two key sources of data
for decision making: digital data streams flowing from a multitude of sources
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most of them without being controlled by the companies; and traditional data
warehouses, which store the data generated mostly by transactional and inter-
nal systems. In any case, the key function of information technology is to
deliver information to the strategy development process. One of the issues is
the lack of a specific type of information that is going to be required and the
timing for its use, especially to discuss emergent issues, e.g. high customer
churn rate. Emergent issues can lead to the establishment of new strategies
based on the knowledge generated from the analysis of the information, e.g.
new pricing strategies to keep customers. In the case of designed strategies,
they start defining objectives and performance measures, e.g. customer satis-
faction, so the requirements for the type of information are clear and lead to
purposeful creation of the data management processes, e.g. automatic capture
of customer feedback. Some of the information acts as leads for future events
so it helps to predict future results, e.g. level of customer satisfaction can pre-
dict the future churn rate. Other information reflects past behavior and sup-
ports monitoring processes related to the achievement of objectives and
learning from the effectiveness of actions. The past information can be
employed in optimization processes through learning the impact of actions to
improve performance.

The revolution in the digital world is relentless and it is creating digital streams
of structure and unstructured data which offer opportunities for existing and
new firms to leverage decision making (Pigni et al., 2016). One of the incredible
paradoxes of this revolution is that organizations may be data rich but informa-
tion poor due to the limited competencies for exploiting data and transforming it
into information and knowledge (Pigni et al., 2016). Digital data streams promise
to start an era beyond Business Intelligence (BI) because BI exploits a large vol-
ume of data that has changed slowly, e.g. transactional data, and is created inter-
nally in the company. Digital data streams change fast, are generated by multiple
sources (humans or machines), and there is a need to harvest from external
environments or non-traditional sources so the challenges are different.

Pigni et al. (2016) suggest that digital data streams can provide multiple
views on a transaction such as pre- and post-transaction details, as well as real
time, and generate responses to events to create value for the organization.
There are two activities that can extract value from digital data according to
Pigni et al. (2016):

e Process-to-actuate: in this activity the organization initiates action based
on real-time processing of the digital data. For example, there is an event
occurring that is being informed through digital data, and through the use of
existing databases and other contextual data the organization can provide
suggestions on which to act.

¢ Assimilate-to-analyze: the organization merges multiple sets of data (real-
time and static) to compose datasets that are used for insights later on. For
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example, a retailer uses existing correlations between external factors,
customer profiles and demand of certain products to determine sales fore-
casts and inventory replenishment decisions.

There are different factors affecting the extraction of value. First, the delay
in processing data from the event until the decision can reduce value. A delay
is generated by processes performed on the data such as data collection and
preparation for analysis, analysis of the data to transform into information
and transformation of the information into decision. Secondly, the set of skills
are critical to exploit data streams. Skills depend on the knowledge base of the
organization to convert data into improved decision making. The conversion
of data to knowledge starts with a decision maker with enough understanding
of the issues to request relevant information, followed by processing appro-
priate data to generate this information when it is available (Pigni et al., 2016).
Thirdly, the capacity to effectively identify and access real-time data streams
that match organizational needs is necessary to create datasets to generate
value (Pigni et al., 2016). Fourthly, an appropriate toolset (software and hard-
ware) is required to access real-time data streams and harvest its content
(Pigni et al., 2016). Finally, the organization needs to reach a level of readiness
or maturity to exploit digital data and extract value. The level of readiness is
associated with strategic, managerial and cultural aspects of the organization
as well as data skills. Both level of readiness, or “mindset” in Pigni et al’s
(2016) words, and toolset are key in order to create value from the flow of
digital data.

Traditional data management involves a technical or business-oriented per-
spective in operating and maintaining the organization’s information systems
structure (Laursen and Thorlund, 2010). Data warehouses may be developed
from a technical perspective rather than from the need for information which
affects its usability in the business analytics process. If the data warehouse is
owned by the technical area associated with information systems, then front-
ends may not be user-friendly, not oriented towards the needs of the decision
makers or only dependent on internal data warehouses mostly originated from
transactional systems (Laursen and Thorlund, 2010). Data acquisition is not
thought of in terms of events thus data may not be recorded or recorded inad-
equately. However, data warehouses offer a common information platform
ensuring consistent, integrated and valid data since data is structured and
cleansed from the different source systems (Laursen and Thorlund, 2010).
Laursen and Thorlund (2010) suggest an architecture and processes for data
warehouses:

1) Source Systems. They consist of the systems that provide data for the ware-
house and they can be internal sources such as ERP, CRM. External sources,
among other sources, can be originated from “web scraping” which is the
automated extraction of large amounts of data from websites (George et al.,
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2016). Web scraping programs are relatively widespread and may come free
of charge, such as plugins for Google Chrome (George et al., 2016). Some
websites, such as Twitter, offer “application program interfaces” (APIs) to
facilitate easy access to its content. Web scraping is used to extract numeric
data, such as product prices, and extract textual, audio, and video data gen-
erated by firms and individuals, news articles, and product reviews (George
et al.,, 2016). A final consideration of the data sources is their prioritization
in terms of usability and availability. Interestingly, the relationship between
both concepts is inverse: higher usability may imply lower availability, e.g.
questionnaires; and higher availability may lead to lower usability, e.g. call
center information.

2) Extract, Transform and Load (ETL). These processes transform the data
from the source into the data warehouse, merge with another sources, and
load them to different locations. Some of the data can be negatively affected
during the process of transformation while other data can improve it. In
other circumstances, the combination of two lower quality data can lead to
a set of data more available but perhaps less usable.

3) Staging area. This is an intermediate, temporal, area between the source
systems and the final location in the data warehouse. It is usually considered
for processes related to the transformation of the data, e.g. to make compat-
ible the different types of formats on databases existing from the source
systems.

4) Data quality process. This process is performed by firewalls with profil-
ing and cleansing tools. For example, incomplete data, duplicates and
inconsistent data can affect the performance of the warehouse so the fire-
wall analyzes the data and rejects improper data. Profiling tools use sta-
tistical tools to search for anomalous data, e.g. missing gender or
addresses.

5) Data warehouse. After the data is treated to have an adequate quality, the
data is integrated and categorized in terms of dimensions and metadata for
future analysis by the analytics teams. The data is organized using diverse
methods such as dimensional modeling. Dimensional modeling adds to
transactional data different dimensions to make the data more comprehen-
sive such as adding to items information such as organization, time, place,
etc. Metadata is the information related to documenting the data in terms
of its origins, sources, size, composition, etc.

6) Data mart area. They are the foundation for relational data and cubes for
users, as well as access for analytics. They are created based on reporting
requirements from the analysts, so they involve organizing and selecting the
data to answer users’ specific questions.

7) Analytics Portal. This area contains the reports for business users such as
dashboards, scorecards, and retrospective reports. This is only the tip of the
iceberg in terms of analytics processes.
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1.4 What is Strategic Management?

There is not a unique definition of strategic management but a series of propo-
sitions on the range of the process involved in developing strategies. For exam-
ple, McGee et al. (2010) suggest strategy can be decomposed into four
components: external logic (how a company positions relate to its environ-
ment); internal logic (the resources and competences to employ to implement
the strategy); the performance over time (the achievement of long-term objec-
tives and survival); and the managerial requirements (the role of general man-
agers and the process of strategic management which involves planning,
managing, monitoring and maintenance of strategies). McGee et al. (2010) also
explain the nature of strategy: strategy deals with the future which is uncertain,
so strategy involves risks that need to be considered in the plans and actions.
However, the plans and actions for implementing the strategy are not simple
since there are multiple interacting components (external, internal and mana-
gerial), which require coordination. Another factor compounding the risk is
that plans and actions are irreversible because once a strategy is implemented
it changes many external and internal aspects that make it difficult to go back.

Designing and implementing strategy, the realm of strategic management,
requires frameworks and tools to address the uncertainty, complexity and risk
underpinning it (Pfeffer and Sutton, 2006). Essentially, a strategy framework is
a conceptual representation, or a model, that managers can use to design strat-
egies with a clear description of the logic and sources used (Pfeffer and Sutton,
2006). In other words, there are strong indications (e.g. complexity, uncer-
tainty, risk, future-orientation, limited ability to process the problem, evidence
requirements, and existence of models) that strategies can be designed and
shaped using management science tools. Management science tools work best
as part of strategic management frameworks.

In the framework proposed in this book, four components comprise the
strategic management process (Figure 1.4). The process starts with a defini-
tion/understanding of the business in terms of mission and vision of the busi-
ness followed by an understanding of the external forces affecting the firm
today and in the future (macro factors: political, economic, social, technologi-
cal, environmental; industry factors: industry structure dynamics and its evo-
lution) as well as a review of the resources and capabilities of the firm in terms
of its competitive positioning (products, services, value creation, business
model). The results of the previous stage are the basis for designing the strat-
egy in terms of positioning and the conceptualization of the resources and
capabilities to sustain it. The design of the strategies involves a creative
conceptualization of the resources and capabilities needed for the new strate-
gies (Kunc and Morecroft, 2010). Strategies will be affected by not only
the resources and capabilities available to managers but also the life cycle of
the organization. For example, some strategies cannot be performed at the



1.4 What is Strategic Management? | 23

Mission and Vision

of the Business

Internal Analysis External Analysis
Resources-Capabilities Macro factors (PESTE)

Competitive Advantage: Industry factors (5 Forces,
Static and Dynamic Industry Life Cycle)

Strategy Design
Competitve positioning
Dynamic Resource Management
Start-ups
\EW 1Y%
Regeneration

Long term feedback

Medium term feedback
Medium term feedback

Short term feedback

Strategy Implementation

Organizational Design
Performance Measurement System

Figure 1.4 Strategic management process.

beginning of the company, e.g. merger and acquisition, and other strategies,
e.g. diversification, result from the need for growth occurring when the com-
pany reaches maturity. After reaching an agreement in the top management
team about the future strategies, their implementation involves managing
(reinforcing, building, acquiring, and reorganizing) resources and capabilities
to adapt them to the new or updated competitive positioning. Resource man-
agement is an inherently complex task because resources and capabilities
interact forming a complex dynamic system where feedback processes, delays
and external factors affect their dynamic (Kunc and Morecroft, 2009).
Consequently, any implementation plans need to consider the future implica-
tions in terms of business as usual (base case), potential different external
environments (scenarios) and expected contingencies (situations that may
eventually happen). Finally, the implementation over time is monitored using
performance measurement systems (IT systems, big data and dashboards)
which foster organizational learning and adaptation of the organization to



24

1 Introduction to Strategic Analytics

emergent situations (e.g. applying descriptive and predictive analytics). The
feedback from strategy can be monitored in the short term leading to modify-
ing the management of resources or correcting minor erroneous strategy
designs, e.g. data from a customer satisfaction survey indicates that certain
product features need to be modified or the product has to be delivered
through new distribution channels. However, if the lessons learned involve
discovering new external factors, they will need to be tracked over time to
observe the relevant trends before making adjustments to the strategy design.
Similarly, if lessons from strategy monitoring reflect a change in the qualitative
aspects of resources/capabilities, e.g. loss of their uniqueness due to competi-
tors’ imitating them, then the strategy needs to be redesigned. Both processes
take a longer time to develop than operational issues due to changes in the
commitments from the organization. Finally, feedback from strategy monitor-
ing can imply a more substantial change in the organization such as changing
the mission, updating its vision and refocusing the business model. Table 1.7
presents a detailed account of the components of the strategic management
framework.

1.4.1 What are the Characteristics of Strategic Problems?

Strategic problems, which are at the core of the process of strategic manage-
ment, have certain characteristics that make them more difficult to solve than
operational problems. Operational problems are issues generated from daily
routine decisions. For example, the development of a new brand will be consid-
ered a strategic problem but the definition of the advertising campaign to sup-
port the brand is usually an operational problem. The characteristics of
problems are (Dyson et al., 2007):

o Breadth of scope suggests the existence of implications in and outside of the
organization involving multiple stakeholders: owners (individual and insti-
tutional shareholders), external (customers, suppliers, local communities,
governmental agencies, general society), and internal (employees and man-
agers) with multiple, imprecise and conflicting objectives.

o Complexity and inter-relatedness of decision-making context where the
interactions between many factors require important coordination in the
present and future.

o Enduring effects, possibly of an irreversible nature with a high level of risk
since it involves committing potentially inflexible resources against expected
futures that might never materialize affecting the organization’s prosperity
and survival.

o Significant time lag before impact, with widening uncertainty over the time-
scale involved, which may generate agency problems such as making no
decision or leaving the outcome to chance.



Table 1.7 Description of the strateg Process comp

Step Brief description Chapter
Mission and The first task in the strategic management process is setting and visualizing the direction of the ization. Even Chapter 6 for
vision small organizations, which are run by the owners, require a sense of direction that will reflect the intent of the owners. competitive
Where is the intent of the owners or top coming from? Paradi experience and facts define owners'  advantage: static
mental models, which are personal explanations about hew the real world works. Mental models are responsible  analysis
for the interpretation of the key external factors affecting current and future performance of the organization and
the key internal factors that are at the core of the performance of organization. On the one hand, the mission
defines the core purpose of the ization defined by the perception of the key internal factors and the values
shared in the organization. On the other hand, the future of the organization using its core purpose in the future is
expressed in the vision
External The external envil «can affect the organization’s actions as well as its performance. Consequently, it is Chapter 3 for
analysis fundamental to consider the external envi in lhcstrau‘gic g process eXORENOuS
The external environment can be divided into three parts g to the cl ta the ization: rivalry with  factors (PESTE)
existing organizations (closest); industry dy i drl'ml:dby li ial entrants, substi and Chapter 4 for
customers {mid-range); and the remote envi pri hy the political, ic, social, technological and — industry
environmental factors that determine the two closest layers to the organization dynamics (5
Another important component of the external analysis is the industry life cycle. Industry life cycle can affect any forces)
zation, not only for-profit. The life cyde is n by the usefulness of the industry, or group of similar Chapter 5 for
organizations, for the consumers or users of their services, Industries proceed through four stages (introduction/ industry
birth, growth, maturity and decline), which reflect the rate of growth of sales. The introduction stage is driven by the  evolution
process of changing buyers’ behaviors in erder 1o adopt the new product fservice. Sometimes, this stage takes decades. {industry life
Growth occurs when a large number of buyers change their behavior and adopt the product/service massively cyele)

surpassing the capacity of the existing organizations to serve them. This situation leads to the entrance of more
organizations trying to capture part of this demand. Maturity corresponds to the saturation of the market and growth
rate declines towards zero, e when all potential buyers have adopted the product sales are driven by replacements or
natural growth rate (ageing). Finally, a new product/service attracts the current buyers and sales will decline
determining the disappearance of the industry in its current form. Organizations either regenerate or liquidate



Internal
analysis

Strategy design

Competitive advantage is at the hcarl ol‘.my orgammwns performance, from micro business to large corporations  Chapter 6 for

through non-governmental org; ge involves creating value for its buyer; dll]’erently mmpelllwe

than competing organizations, Creating vwlw: dxpmds on the gths and weal of the e static

without following strategic recipes. Managers can use tools to analyze an organization’s capacity to generate value  analysis

for buyers before designing the strategy Chapter 7 for

Traditional pis are comph d with gement science tools, e.g. dynamic simulation, to suppert the  dynamic

process of competitive positioning over time. For example, business-level strategies like Porter's generic strategies  resource

are evaluated over time as part of a competitive environment management
{dynamic
resource-based
view of the firm)

Starting a new business is performed by many peuple but i | start-up is a idable chall Chapter 10 for

especially for those who lack prior business dr-ll and experi Thus, this chapter start-ups

offers an introduction to the concepts of business mode] business plan and financial needs that play an important

role in the beginning of a business

The set of strategies that companies lv.'nd to adupt when l.lmv are mchlns maturlly are driven by, on the one hand, Chapter 11 for

long-term obj such as bili itive position, stance In the  maturity

value system, product/servi itioning, and social re ponsibility. On the other I\and markets are becoming

saturated by competitors and runnmg aout of new Thus, ies Lo address petition, lind new

markets and improve efficiency are fundamental for surviving

Twao responses can develop when organizations face a decline in their markets. These responses are important Chapter 12 for

because they can determine the fate of an organization — survival or death. First, innovate and change to offer regeneration

dlffcmnl pmducta{scrvm Secondly, they can respond rigidly and fall into organizational decline through a

1 spiral. What conditions are needed for each situation to emerge? What signals develop to understand
the decline process? Developing a strategic fr * for ion depends on distinguishing between flexible
and inflexible organizations




Strategy can be affected by the behavior of multiple stakeholders, Thus, strategy |mplemcnlanan is notonlya

top-d process originated from the top team but it is al i, p when stakehaold

Chapter 8 for
ional

and L‘mplow:rs mll«: dcclsluns curly day. Tllr cchcllw:ncssoflllc implementation ol'smllcglcs resides in the way
that the and ion design implies building the foundations of purpose
and core values, pulxu:s and structures that dl.‘ll. rmine business decisions and effective learning processes.
Therefore, strategy implementation is how to design and improve business processes and organizational structure
tw achieve the goals and objectives

The process of defining organizational performance together with the goals and control systems is fundamental to
achieve the desired organizational performance, Defining organizational performance is key because managers
measure what they value and what they measure affects their behanors:gmﬁca ntly. Moreover, this is a key process

that defines the data available for the that can be exploited through analytics to feed back to the wop
management

design

Chapter 9 for
performance
measurement
system
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o Disagreement about the motivation for, and the direction and nature of the
strategic problem since strategic problems have no obvious right answers
because of the many uncertainties surrounding their future impacts.

o Challenging the status quo and creating a politicized setting where change is
contested and the coordination of a large number of people is complex and
difficult due to the significant scale and importance of the strategic decision
to solve the problem.

1.5 Strategy Analytics: Integrating Management
Science with Strategic Management

Considering the relationship business analytics can have with respect to strate-
gic management, there are four possible situations suggested by Laursen and
Thorlund (2010); these are illustrated in Table 1.8.

The strategic problems can be exacerbated when there is not only dynamic
complexity due to existence of feedback processes between the components
of the system (organizational and external factors) but also complex behavior
in the decision makers, such as personal aspirations, mental models and val-
ues (Roth and Senge, 1996). Large multi-business organizations are examples
of high dynamic complexity. Under high dynamic complexity, causes of
problems cannot readily be determined by direct experience, and actors in
the system don’t have a deep understanding of the causes of problems.
Dynamic complexity requires high level conceptual and systems thinking
skills (Roth and Senge, 1996), which is the management science style
described at the top level of the hexagon in Figure 1.2. High behavioral com-
plexity exists under conditions of profound conflict in assumptions, beliefs,
and perspectives. Consequently, it is difficult to get people to agree on what
should be done because they see the world differently and because they have
different preferences and goals (Roth and Senge, 1996). Behavioral complex-
ity requires high levels of interpersonal and facilitative skills (Roth and Senge,
1996), which is the management science style described at the bottom level
of the hexagon in Figure 1.2. Table 1.9 shows the results of the combination
of both dimensions.

Table 1.10 shows a brief explanation of the impact of the issues in terms of
formulation and solutions developed using management science tools.
Williams (2008) suggests puzzles are fairly easy to tackle since there is no ambi-
guity in the formulation of the model (either qualitative or quantitative) and
there is an expected answer in terms of the outputs. Problems can be defined
but there are multiple models that can be employed and none of them are
exclusive. Finally, messes involve the most difficult situations since there is no
agreement about the issue (so there is no clear formulation) or the solution, as
there can be many potential valid outputs.
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Table 1.8 Four situations between strategy and business analytics.

Relationship

Consequence

Explanation

Strategic management is
dissociated from the use of
analytics

Strategic management
defines the use of analytics

Strategic management
maintains a dialogue with
analytics

Analytics (management
science) is used on an ad
hoc basis

Analytics (management
science) supports
monitoring strategy
performance

Analytics (management
science) supports strategy
innovation by offering
insights from data as well
as testing the robustness of
strategic ideas

Companies do not have a
clear strategy related to data
management and
information systems so data
is not used for strategic
decision making. Analysis is
driven by erratic users’
requests of information and
quantitative models and
business analytics is
assessed by the speed on
answering the request

Analytics is mostly
employed for monitoring
the achievement of strategic
objectives but there is no
feedback from analytics to
strategic management.
Analysis has a reactive
purpose providing reports,
or quantitative models, for
functional areas or
individual departments to
support the achievement of
strategic objectives

Strategic management
employ analytics to
improve the learning
process about the
performance of the
business. Analysis not only
reports the achievement of
the objectives but also
uncovers the reasons for
the current performance.
Analytics practice is based
on strong management
science competencies and
technological resources to
support the dialogue.
Information is used to
adapt and optimize
strategy

(Continued)
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Table 1.8 (Continued)

Relationship Consequence Explanation
Strategic management hasa  Analytics (management Information and analysis is
holistic perspective science) is used as a considered as a strategic
strategic resource resource. Analytics is
responsible for analyzing
and identifying

opportunities and threats in
the market and issues in the
firm. Strategic management
uses systematically
information to develop
strategies. The strength of
Analytics resides in people’s
competencies related to
strategic development
processes. People have both
skills and knowledge of
strategy and analytics in all
organizational levels

Table 1.9 Complexity facing Strategy Analytics Practitioners.

Dynamic Complexity

Low High
Low Puzzles Messes
Behavioral lexi
ehavioral complexity High Wicked problems Wicked messes

Source: Roth and Senge (1996: figure 1, page 93). Reproduced with permission of Emerald Group
Publishing Ltd.

There will always be important questions related to the effectiveness of man-
agement science practices, the role of IT functions and how big data analytics
is different from traditional analytical frameworks and methods employed in
strategic management. Management science practices provide substantive
rationality (Simon, 1976) because they force strategists to be methodical and
precise in their strategies. Big data analytics offers a platform for organiza-
tional learning, which depends on ongoing sensemaking activities. A key ques-
tion about the use of big data in strategic management is how to relate
backward-looking sensemaking from big data that has been accumulated over
time to the development of future sensemaking associated with strategic man-
agement. Calvard (2016: page 70) suggests “big data is often used in the
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Table 1.10 Relationship between the problems faced in the strategic management process
and the management science modeling process.

Puzzles

Problems

Messes

Management Formulation
science

modeling

process

Solutions

Strategic management
process

No ambiguity on
the formulation
about what needs
to be solved,
issues and options
are clear

There is a correct
answer which
requires logical
thought even
though the answer
may not be easy

External Factor
Analysis

The definition of
the problem is
rather clear and
agreed

There is a variety
of approaches to
solve it so the
problem has no
single answer that
is known to be
correct

Strategy
Implementation

There is a lot of
ambiguity, no
agreement about
the issues,
concept
relationships or
what is the
situation

Unclear
formulation
implies lack of
clarity in the
approaches or
even if there is a
solution at all

Strategy Design

traditional retrospective sensemaking mode to consolidate and enact a par-
tially existing reality identified by the data” Consequently, there is a need to
complement backward-looking analysis with forward-looking foresight. This
need can only be satisfied with the use of management science tools such as
qualitative methods to structure problems, simulation or optimization,
together with strategic management tools.
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2

Dynamic Managerial Capabilities for a Complex
World Under Big Data

Objectives

1) To explain dynamic managerial capabilities

2) To explain the impact of big data and analytics on dynamic managerial
capabilities

3) To present the impact of analytics on strategizing

Learning outcomes and managerial capabilities developed

1) Learn the three dimensions comprising dynamic managerial capabilities
2) Learn the concept of models and modeling

Dynamic managerial capabilities are changing in an era of big data, analytics
and complexity. Managers need to learn how to apply a combination of strat-
egy concepts and analytical methods (quantitative and qualitative) to address
unstructured complex strategic problems using data coming in multiple forms
(large, unstructured, fast). The key ability for managers is to integrate strategic
concepts with analytical tools in a unique set of capabilities to tackle strategic
problems. The main benefit is that quantitative methods, which are essential in
an era of big data, are clearly connected with strategy development processes.
Moreover, the integration of analytical tools within the abilities of managers
aims to reduce behavioral issues in the process of making strategic decisions.
To summarize, dynamic managerial capabilities for a complex world under the
influence of big data have to tackle complex strategic problems through the
integration of analytical (quantitative and qualitative) methods that exploit the
availability of a large amount of data (quantitative and qualitative).

Strategic Analytics: Integrating Management Science and Strategy, First Edition. Martin Kunc.
© 2019 John Wiley & Sons Ltd. Published 2019 by John Wiley & Sons Ltd.
Companion website: www.wiley.com/go/kunc/strategic-analytics
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2.1 Dynamic Managerial Capabilities

Teece et al. (1997) proposed the concept of “dynamic capabilities” to describe
the abilities of managers to configure their organizations to achieve competi-
tive advantage. First, the term “dynamic” denotes the importance of change as
a process to renew competences to maintain relevance with the changing busi-
ness environment. By competences, Teece et al. (1997) define the resources
integrated in systems to perform distinctive activities/processes/organizational
routines. Secondly, the concept of “capabilities” highlights the important role
of the abilities of the top management team and strategic decision-making pro-
cesses to adapt, integrate, and reconfigure the organizational skills, resources,
and functional competences to fit the requirements of the environment. There
are multiple definitions of the term by Eisenhardt and Martin (2000), Zollo and
Winter (2002), Helftat et al (2007) and even a later refinement by Teece (2007).
Further refinements focused on specific characteristics of dynamic capabilities
such as differences according to market dynamics and level of complexity, e.g.
detailed, analytical which rely on existing knowledge to simple, experiential
depending on the situation and new knowledge (Eisenhardt and Martin, 2000).

In a further enrichment of the concept of dynamic capabilities, Adner and
Helfat (2003) introduce the concept of “dynamic managerial capabilities” as
the capabilities used by managers to build, integrate, and reconfigure organi-
zational resources and competences. This extension focuses the attention
towards the role of managers, individually and in teams, on strategic change.
It is important to consider that the capability involves performing the activity
with a specific purpose and expected outcome and they tend to be repeated
in a satisfactory manner. Kunc and Morecroft (2010), and previously Kunc
(2005), also assert the importance of managers on the strategic change
through the conceptualization and management of the system of resources
responsible for the performance of the firm. The management of the system
of resources is purposefully achieved through goal adjustment policies (Kunc
and Morecroft, 2010) where goals result from the strategic development
process.

Barreto (2010: page 271) proposes a more specific definition: “A dynamic
capability is the firm’s potential to systematically solve problems, formed by its
propensity to sense opportunities and threats, to make timely and market-
oriented decisions, and to change its resource base” There are a number of
interesting features in this definition that better describe the positioning of this
book. First, the concept of “systematically solving problems” is aligned to the
use of management science tools and methods as discussed in Chapter 1.
Secondly, the “propensity to sense opportunities and threats” offers the oppor-
tunity for the use of analytical tools performing sensemaking in the external
environment, e.g. scenarios and forecasting as well as sentiment analysis.
Thirdly, “timely and market-oriented decisions” is at the core of management
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science practice, i.e. decision making. Fourthly, the implication of “changing its
resource base” is strongly aligned with the conceptualization employed for
managerial decision-making processes, as stated in Kunc and Morecroft
(2010), which underpins the whole book.

In recent times, Harris and Helfat (2013) have expanded the concept of
“dynamic managerial capabilities” to suggest impact not only internally but
also on the external environment. In that sense, Kunc (2005) proposes that
decision-making processes responsible for managing internal resources will
inevitably affect other organizations in the industry due to the intrinsic con-
nectedness between firms through their system of resources. Kunc and O’Brien
(2007) propose an integrated method using resource management and sce-
narios to evaluate and configure resources to the requirements of the external
environment.

Eisenhardt and Martin (2000) suggest the main mechanisms to create
dynamic capabilities are repeated practice leading to experience and trial and
error leading to useful rules of thumb. Zollo and Winter (2002) suggested the
importance of purposeful cognitive processes such as knowledge articulation
by collective discussions and evaluation processes and knowledge codification
through tools and manuals. Eggers and Kaplan (2009) suggest that managerial
cognition can be seen as a dynamic managerial capability because there are
purposeful actions to interpret the environment in order to reconfigure organ-
izational resources and capabilities to match the opportunities and threats
arising (Gavetti and Levinthal, 2000). This assertion is based on an important
stream of research about the relationship between cognition and strategic
change, e.g. how managers perceive and become aware of threats brought
about by technological change (Kaplan, 2008), and how entrepreneurs identify
potential opportunities (Gaglio and Katz, 2001). This is in line with the cogni-
tive underpinnings of resource conceptualization suggested in Kunc and
Morecroft (2010). In this area, management science tools and methods can
become useful mechanisms to create and codify dynamic capabilities.

The next three subsections discuss the task (activities), cognitive (interpreta-
tion) and behavior (decisions) dimensions of dynamic managerial capabilities.

2.1.1 Task Dimension

The functions of dynamic managerial capabilities include “asset orchestra-
tion” (Helfat et al., 2007: page 24). Asset orchestration involves the search for
resources and capabilities, selection, investment, deployment and, if neces-
sary, their reconfiguration. Sirmon et al. (2007) propose a similar definition to
asset orchestration called “resource management” which is the comprehensive
process of arranging the firm’s resource portfolio to build capabilities and lev-
eraging the capabilities with the objective of creating and maintaining value
for customers.
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Another two tasks in asset orchestration are resource investment (Maritan,
2001) and resource deployment (Sirmon et al., 2007). Resource investment
decisions determine how to acquire and develop resources and resource
deployment defines the specific market segments to use those resources. Kunc
and Morecroft (2010) define resource development as the process that “encom-
passes investment decisions (unplanned or problem-solving decisions) and
operating polices (routines) that guide asset stock accumulation. Operating
policies, as well as managerial choices and investment decisions, facilitate the
accumulation of some resources and capabilities and the decay of others. The
result of diverse managerial actions is different rates of accumulation among
the resources comprising the firm, which will lead to distinctive firm perfor-
mance” (Kunc and Morecroft, 2010: page 1167). Teece (2007) proposes a set of
“microfoundations” of dynamic capabilities comprised by: (1) sensing oppor-
tunities and threats; (2) seizing opportunities by choosing among possible
actions, making investments, and deploying resources; and (3) reconfiguring
and transforming organizations and their resources and capabilities. From
these definitions, the main tasks in managerial dynamic capabilities related to
resource management (Sirmon et al., 2007) are:

1) Structuring involves the management of the resource portfolio and it is
divided into:
e Acquiring resources from markets.
e Accumulating resources by developing internally.
e Divesting resources through eliminating/selling.
2) Bundling is the process of combining resources to develop capabilities:
e Stabilizing capabilities by minor incremental improvements.
e Enriching capabilities to extend their use or withstand changes.
e Pioneering new capabilities to face competitive issues.
3) Leveraging is the creation of value with capabilities:
e Mobilizing capabilities in configurations which are suitable for exploiting
market opportunities.
e Coordinating capabilities to achieve efficient configurations.
¢ Deploying the capability configuration in a specific strategy.

Sirmon et al. (2007) incorporate additional factors to the resource manage-
ment process. First, timing in the tasks is important due to their sequential
nature. Secondly, there is uncertainty generated by the changes in the external
environment such as changes in industry structure, the stability of market
demand, and the probability of environmental shocks. Uncertainty affects the
suitability of the configurations as well as the understanding of the cause and
effect relationships. Finally, Dierickx and Cool (1989) also suggest the role of
complexity in the environment. These factors are definitively addressed by
management science tools and methods as the following chapters demonstrate.
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2.1.2 Cognitive Dimension

Increasingly, researchers are paying attention to the cognition of managers and
the interpretive processes in which they engage as key aspects of their capabili-
ties (Tripsas and Gavetti, 2000; Gavetti, 2005; Eggers and Kaplan, 2009; Kunc
and Morecroft, 2010; Helfat and Peteraf, 2015). Moreover, managerial cogni-
tion scholars suggest that the environment is not purely exogenous but mana-
gerial interpretations of the environment define how organizations respond to
it (Porac et al., 1989; Barr et al., 1992; Reger and Palmer, 1996). Resources and
capabilities exist in a purposeful configuration only when managers concep-
tualize them (Kunc and Morecroft, 2010). Purposes typically arise because
managers perceive an organizational shortcoming or a strategic opportunity
external to the organization. However, it is not only recognizing the existence
of a configuration but also acting on it by allocating investments to it.

The process used to recognize what an organization can do is non-linear — as
it is iterative, building on feedback about efficacy and usefulness from attempts
to use the configurations identified (Kunc and Morecroft, 2010). Helfat and
Peteraf (2003) argue that the development of dynamic managerial capabilities
comes through an iterative process of trials and reflection by management. On
the other hand, the learning literature on “problem sensing” (also called prob-
lem finding, problem identification, problem recognition, etc.) indicates that
managers must be aware of a failure or gap in performance relative to aspira-
tions in order to generate learning about the nature of a problem (Haunschild
and Sullivan, 2002). Analogical reasoning (the process of noting similarities
between current problems and prior problems) is used by managers to per-
ceive and understand the problems they face (Gavetti et al., 2005; Gary et al.,
2012). To summarize, managers may either perceive problems existing objec-
tively, which have to be discovered, or generate them through their actions.

Barr et al. (1992: page 16) suggest, “managers’ mental models both facilitate
and limit attention to and encoding of salient information about changes in
organizational environments” and “lead managers to overlook important envi-
ronmental changes so that appropriate action at the organizational level is not
taken”” Attention-based theories suggest that decisions about resource alloca-
tion are shaped by how organizations channel managers’ attention.

2.1.3 Behavior Dimension

From a behavioral perspective, managers’ actions are driven by achieving satis-
factory rather than optimal solutions (satisficing behavior); the solutions con-
sidered are limited (bounded rationality); and they only look for information if
there is a problem (problemistic search) (Cyert and March, 1992).

Managerial decision making under a resource-based paradigm is a processes
driving the accumulation of resources through corrective actions aimed to
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close observed gaps between the desired level of the strategically relevant
resources and the actual level of these resources (Kunc and Morecroft, 2010).
Thus, resource development is a purposive adjustment of resources (asset
stocks) through goal-seeking information feedback influenced by bounded
rationality and time constraints derived from resource conditions (Kunc and
Morecroft, 2010). The adjustment process is shaped by the goal-setting pro-
cess. Behaviorally, managers generally search for solutions that are “good
enough” to achieve their goals that are determined by the best judgment about
the desired amount of a resource given the strategy’s requirements.

Managers must draw conclusions and make commitments based on insuffi-
cient, unclear, or conflicting information about the results obtained from their
investments, causal ambiguity (King, 2007). Causal ambiguity is a concept that
describes the degree to which decision makers understand the relationships
between resource-building actions and firm performance (King, 2007) and it is
related to dynamic complexity in systems of resources. Dynamic complexity
exists due to delays between actions and performance responses. Decision
makers’ learning processes are very important to find the interconnections
between firm performance and resource conceptualization but the learning
processes are affected by dynamic complexity and causal ambiguity. Therefore,
managers employ biases to solve the limitations on understanding.

On account of limited time and resources, managers focus only on the infor-
mation which they perceive useful (Ocasio, 1997; Cho and Hambrick, 2006).
Moreover, managers selectively pay attention to the information that falls
within their specialty or interest (Bromiley, 2005) giving them confidence in
their decisions and acting quickly. Cognitive biases result from judgmental fac-
tors, like overconfidence, or situational factors (Gongalves and Villa, 2016).
Hence, selective perception may result in managers making a sub-optimal
decision as the decision process is not an analytical process but rather a biased
process. Selective perception can lead to poor performance due to an inap-
propriate comprehension of the resource system.

Managers also use heuristics to define their resource management decisions.
Heuristics are rules of thumb to reduce decision-making time and bring about
decisions quickly without necessarily evaluating all alternatives (Kahneman
and Tversky, 1972). One example of a heuristic is anchoring and adjustment
where decision makers estimate facts that they do not know (Tversky and
Kahneman, 1974). Basically, decision makers anchor their decisions on infor-
mation available and then adjust the anchor using any additional information
(different and usually insufficient) to make their decisions.

A final consideration on behavioral decision making is how managers make
sense of their reality using different clues (Kunc, 2016). Managers learn about
their ambiguous and uncertain environment through clues obtained from their
perceptual system. Subsequently, the clues are organized in a deterministic
model where they are weighted to form a picture of the environment. However,
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the weighting process is imperfect and it takes time to learn the correct weights.
Thus, behavioral decision making is highly contextual (e.g. tenure, background,
experience) so managerial dynamic capabilities are strongly subject to contex-
tual factors. Thus, a contextual aspect of dynamic managerial capabilities is
important to highlight. First, O’'Reilly and Tushman (2008) propose that diverse
dynamic managerial capabilities are critical for implementing ambidexterity
(see Chapter 12). Agarwal and Helfat (2009) mention the importance of
dynamic managerial capabilities developed in a turnaround situation during
strategic renewal (see Chapter 12). Trahms et al. (2013) indicate that the divest
function of asset orchestration has a role in turnaround situations (see
Chapter 12). Teece (2012) stresses the importance of entrepreneurial manag-
ers, which have dynamic managerial capabilities focused on building markets
(see Chapter 10).

To summarize, dynamic managerial capabilities are based on a set of under-
lying managerial resources: managerial cognition, managerial social capital,
and managerial human capital (Adner and Helfat, 2003). The three resources
provide the basis for managerial intentionality, deliberation, decision making,
and action responsible for resource management (Martin, 2011). Managerial
cognition consists of mental models and beliefs and mental processes.
Managerial social capital consists of goodwill derived from relationships, both
formal and informal, that managers have with others and can use to obtain
resources and information (Adler and Kwon, 2002). Managerial human capital
refers to learned skills and knowledge that individuals develop through their
prior experience, training, and education (Helfat and Martin, 2015).

Food for thought 2.1  Find two organizations publicly owned that you are inter-
ested in. Then, identify the top management team of the company through the
financial information. It is mandatory for public companies to publish the names of
the top management team.

Address the following issues:

e What are the demographic characteristics of the top management team: age,
background, tenure?

o What are the similarities and differences in the characteristics of the top manage-
ment team?

e Is there any contextual information that you can infer to explain the similarities
and differences?

o If you are working in a company and you participate in meetings related to the
strategic planning process, try to pay attention to the arguments exposed by dif-
ferent managers. What are the main characteristics of the arguments? Is there
any relation with professional background, functional area, tenure in the
company?
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2.2 Integrating Management Science and Strategic
Management: Managers as Modelers

There is usually a focus on events in strategy, e.g. a diversification, a threat, a
growth opportunity, and a focus on patterns (e.g. continuous price discount-
ing, decline in market volume over a period of time) exists in very few instances.
However, there is not a focus on models. A focus on models can provide the
structures that are behind patterns and ultimately the events observed so the
attributions for problems and potential improvements are clearly identified.
Models clear thoughts, reduce ambiguity and help to test assumptions. Models
in any form, e.g. quantitative or qualitative, are powerful tools for developing
strategies.

On the opposite side, the main focus, and outcome, of management science
processes is a model and the results obtained from it (Williams, 2008). A model
represents or describes a problem simplifying it and abstracting the key ele-
ments to provide the information required to solve the problem. The model
defines elements, as well as the relationships among them, in a consistent,
unambiguous and precise way for its users (Williams, 2008). When a manager
becomes a modeler, the manager transforms a real problem into an analytical
dimension by finding meaning and structure within the strategic problem that it
is dealing with. A model exists in the analytical dimension to help managers
visualize the data needed and potential solutions (Williams, 2008). Model struc-
ture implies precise definitions of terms reducing ambiguity and imprecisions.
However, there may be a set of multiple models supporting each other to trian-
gulate the solutions. The structure of the model can be tested for contradictions.
Then the analytical world connects with the real world through data. The con-
struction of models must somehow reflect reality through facts and quantities.
More importantly management science is interested in the relationship between
structures comprising the real world so measuring the relationships between
variables representing the structures is key in defining relationships (Williams,
2008). Data collection is a key part of management science. The results of the
model show the behavior of the solutions and compare it with the knowledge
schema and beliefs. At this point, the model provides advice, predictions or
implications regarding different solutions to the real problem.

One important consideration of management science as tools for thinking is
its social nature (Pidd, 2009). When “a model becomes an external and explicit
representation of part of reality as seen as people who wish to use it to under-
stand, to change, to manage and to control that part of reality” (Pidd, 2009: page
12), there is an implicit assertion of the need to do models not alone but as part
of a social process of discussion and agreement on the design and use of the
model. Another implication is that there is no perfect model because there is
no fully rational human able to understand reality completely. A further aspect
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is that models can be qualitative conceptual models, e.g. Porter’s Five Forces,
qualitative situational, e.g. causal loop diagram, and quantitative models, e.g.
linear programming, system dynamics or financial models (Pidd, 2009).

Given these limitations, why do we create models in management science?
First, there are some decisions that are discussed over time and with many
participants. Secondly, some decisions cannot be experimented with so there
is a high level of uncertainty. Thus, it is important to explore the consequences
of the strategic decisions and plans before implementing them given the com-
plexity and uncertainties. Therefore, the role of external and explicit models is
to provide the platform needed to capture the essential aspects of the decisions
and plans to address the problem (Pidd, 2009). In other words, models are sup-
porting procedural rationality (Pidd, 2009), which is concerned with the nature
of the deliberation process (search and evaluation) rather than the outcome of
the process, and models and modeling are systematic procedures to support
decision making of bounded rational decision makers (Pidd, 2009).

Models can reflect different degrees of realism, i.e. model fidelity with
respect to real world (Morecroft, 2015). A realistic model with enough detail
and scaling can be considered an analogue model. A model that is plausible but
has a relative scale is only an illustrative model. A model whose purpose is to
transfer insights and is small can be considered a metaphorical model. A list of
examples of modeling methods is presented in Chapter 1 (see Section 1.2).
Thus, managers, as modelers in an era of Big Data, need to develop capabilities
for modeling, understanding systems and evaluate Big Data.

2.2.1 Modeling

Pidd (2009) suggests some principles of modeling, as the process to develop a
model not the outcome in itself:

1) Model simple, think complicated. A simple model should be supple-
mented by highly critical thinking and rigorous argument and analysis for a
number of reasons. First, a simple model is easier to understand because
models are built to help people become more effective in what they do. The
results need to be understood and used so trust is a key component in a
model, which can be achieved once the user appreciates the overall structure
and behavior of the model. Secondly, a simple model is easier to manipulate
so it is simpler to produce results that seem relevant. Thus, models are “tools
for thinking” not “tools to replace thinking” (Pidd, 2009: page 65) so they
extend the power of thinking and support complicated analysis. The previ-
ous comment does not mean that there are models which replace humans or
are key in decision making, for example in decision automation and routine
decision support, since they work on accurate and up-to-date data and are
intended to be accurate representations of the business problems faced.
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2)

Be parsimonious, start small and add. The idea is that models should be
developed gradually, starting with simple assumptions and only adding
complications as they become necessary. The intention is to learn from the
simple model and then refine it gradually by adding more realism until it is
valid for the purpose of the model.

Divide and conquer, avoid mega models. In this case, the issue relates to
the need to build a model from the components of the problem, where each
of them needs to be developed parsimoniously, rather than attempting to
develop an all-inclusive model from the beginning.

Use metaphors, analogies and similarities. The modeler may not develop
a model completely anew but may seek an analogy with another system or
earlier models so the modeler searches for previous well-developed logical
structures similar to the problem. In some cases, we treat the particular
problem as an instance of a general case which shares a similar set of prop-
erties. The risk is choosing the wrong metaphor or analogy.

Do not fall in love with data. While the availability of data is increasing
rapidly, and its analysis is important, the modeler should not consider
that examining the data will reveal all the insights to construct a model.
Exploration of data can never replace careful thought and analysis.
Modeling drives data collection not the other way around although the
modeler should consider the practicality of this process. Thus, the best
approach would be to develop a simple model, collect the data to para-
metrize, and then test its behavior. Further refinements may require addi-
tional or different data.

Model building may feel like muddling through. The model building
process is not linear or purely rational but it implies muddling through by
using insights, taking time away from modeling, looking at things from dif-
ferent perspectives, and over an extended period through close contact with
the client. The process is affected by different steps such as gaining an
understanding of the problem and the way of modeling the problem, ana-
lyzing the data, developing the model and calibrating it, assessing the valid-
ity and usability of the model and its implementation.

2.2.2 Behavior with and Beyond Models

Strategic development processes start often with a strategy workshop that
leads to a set of strategy projects. Projects are usually directed by hypothesis
testing objectives where the output can be either a business case supporting
a decision or a strategic plan (Johnson et al., 2008). Management science mod-
elers have to be aware of this process and how the models will fit within it. This
subsection discusses two aspects related to how to use models in the process
and the impact of the models on the subsequent behavior of strategists.



2.2 Integrating Management Science and Strategic Management: Managers as Modelers

Using models is a form of social practice that can be generative and emer-
gent. Modeling can be analyzed using two analytical dimensions: modeling
can be used for representing or intervening and the focus of modeling is on
individual or group level (White, 2016). When models are used to facilitate
information sharing among a group (dimensions: representing and group),
they improve collective efficiency. For example, system dynamics models
are usually prepared and discussed at group level with the idea to facilitate
information sharing. When models help to influence individuals (dimensions:
intervening and individual), they are considered as approaches that stress
thinking with objects where individuals are able to access common meanings
and group processes will emerge through coordination. When models are
employed to intervene at group level (dimensions: intervening and group),
models have a representational role and help people to think with models as
objects. Models shape the way people frame problems.

2.2.3 Modeling Systems

Organizations are systems comprised by multiple interdependent elements.
Therefore, it is important to recognize the meaning of system and how it affects
the models that can be developed using five characteristics.

First, systems are measured in terms of efficiency and effectiveness (Dael-
lenbach et al., 2012). Efficiency looks at how well resources are used in a given
activity. The higher the level of output achieved for a given set of inputs or
resources or, alternatively, the lower the inputs or resources needed for pro-
ducing a given level of output, the higher the efficiency. Effectiveness means
the level of achievement of goals or objectives. Operating various parts of a
system in the most efficient manner does not necessarily mean the system as a
whole is effective in terms of achieving its objectives.

Secondly, it is important to recognize the differences between reductionist
and cause-and-effect thinking (Daellenbach et al., 2012). Reductionism is the
certainty that systems and every experience of them can be reduced, parti-
tioned, or disassembled into simple indivisible parts. Then the explanation
of the behavior of the individual parts can be aggregated to understand and
explain the behavior of the system as a whole. Cause-and-effect thinking
involves explaining everything by decomposing it into parts while looking for
cause-and-effect relationships between the parts. Causal relationships may not
be simply one-way as there may be mutual causality or feedback between two
things or interdependencies. New relationships or properties may emerge
through the interaction between the various parts or aspects of a situation
which can be unexpected and counterintuitive.

Thirdly, what to include or exclude in a definition of a system largely depends
on what the person viewing the system intends to do with this definition
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(Daellenbach et al., 2012). The system become a mental construct, personal to
the observer. Systems can be seen as human conceptualizations. Although they
may exist out there, it is only the human observer that views something as a
system. Any two people viewing the same situation with the same purpose in
mind may well form surprisingly different conceptualizations of that organized
assembly of things. The view of a system is affected by different factors: forma-
tion, cultural and social background, education, practical experience, and per-
sonal values or beliefs.

Fourthly, the selection of the boundary is the most critical aspect of systems
modeling (Daellenbach et al., 2012). Boundary choice determines not only the
nature of the system but also who will benefit from the desirable outputs and
who will suffer undesirable consequences. As such, how does one decide what
is irrelevant? Which undesirable consequences can be ignored as insignificant
or irrelevant to the study?

Fifthly, a system is part of a larger system, its environment, and this larger
system is part of an even larger system, the environment of the larger system
(Daellenbach et al., 2012). The nesting of systems within systems is referred to
as the hierarchy of systems. In most cases, the larger containing system exerts
some control over the contained system. The controlling system may set the
objectives of the contained system, monitor how well it achieves these objec-
tives, and have control over crucial resources needed by the contained system.
One of the advantages of viewing two systems in a hierarchy is understanding
their relationships and how the performance of the narrower system is ham-
pered or constrained by aspects of the wider system. Therefore, changes in the
wider system may become prerequisites to performance improvement in the
narrower system.

There are four different types of systems (Daellenbach et al., 2012). First,
discrete systems: if the state of the system jumps through a sequence of discrete
states which occur at discrete points in time then the system is called a discrete
system. The state variables, which describe the situation of the system, also
change in discrete jumps. Secondly, continuous systems: the state variable
changes continuously and it is monitored continuously even though its state is
observed and recorded only at regular discrete points in time but the closer
consecutive recordings are taken in time, the more accurately the system actual
behavior is approximated. Thirdly, deterministic vs. stochastic systems: if the
behavior of a system is predictable in every detail, the system is deterministic.
Given the same starting conditions, a deterministic system will always exhibit
exactly the same behavior. Stochastic systems are affected by uncertain, ran-
dom or stochastic inputs. Sometimes uncontrollable inputs are represented as
random in order to keep the narrow system of interest to a manageable size
rather than the inputs which are inherently unpredictable. In other cases, the
cost to ascertain all the influences is too high so there is a use of a stochastic
variable. Fourthly, closed vs. open systems. A closed system has no interactions
with any environment: no inputs and no output so it is mainly theoretical.
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Open systems interact with the environment by receiving inputs from it and
providing outputs to it.
Thus, Daellenbach et al. (2012) suggest the art of modeling a system involves:

e The Ockham’s razor principle. The modeler has to be highly selective
about which aspects to include in the model since not all the aspects are
essential or contribute little to accuracy.

o Iterative process of enrichment and reformulation. Begin with a simple
model, abstract from reality, and move in evolutionary fashion towards a
more elaborate model that reflects the complexity without overfitting the
model. Enrich the model without changing its basic form and structure and
incorporate additional aspects that may be important.

¢ Use an incremental approach. Only concentrate on some key subsystems
initially and then aggregate more. Do not start from the whole system.

¢ Working out a numerical example. Presenting different set of numbers can
help to illustrate the behavior of the system under different representations
and interventions.

o Diagrams and graphs. Visual representations, e.g. diagrams, can illustrate
the boundaries of the system represented and help decision makers make
sense of the model. Graphs offer useful information about the trends exhib-
ited in the system behavior in order to infer the dominant behavior.

Food for thought 2.2 Consider two models: one qualitative, e.g. Five Forces or
Value Chain;, and one quantitative, e.g. system dynamics. Then, apply both of them
to the same strategic issue, e.g. the entry in a new market, and record the process
carefully.

Address the following issues:

o What model was simpler to apply?

o What are the reasons for your conclusion?

o What are the sources of data that you employed?
o What model provided more insights?

2.2.4 Big Data Analytics Capabilities

Big data involves a set of challenges related to data (characteristics in terms of
volume, variety, velocity, veracity, volatility, and quality), process (how tech-
niques capture, integrate and transform data to feed the right model), and
management (governance and ethical). Conceptualizing big data analytics as a
capability implies simultaneously (Holsapple et al., 2014):

o Steering specific activities such as data acquisition.
o Using quantitative, qualitative and combinations of techniques.
e Managing statistical tools.
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Employing systematic reasoning.

Working effectively with models that are descriptive/explanatory, predictive,
or prescriptive.

o Ability to deal effectively with evidence in the form of multiple data such as,
databases, click-streams, documents, sensors, maps.

Understanding business models.

o Coordinating the use of different capabilities.

Gupta and George (2016) suggest big data analytics capabilities involve tangi-
ble resources, e.g. data, technology and investment, human resources, e.g. mana-
gerial skills familiarized with analytics and technical skills related to big data, and
intangible resources such as data-driven culture (decisions are based on data
instead of intuition) and organizational learning (as the ability to explore, store,
share and apply knowledge). Since the data employed in big data analysis is
unstructured and beyond the internal transactional systems, the skills are mostly
related to software development and quantitative analysis (e.g. statistical analysis,
machine learning, modeling, simulation) to develop custom-made solutions.

One of the most important impacts of big data analytics in the organization
and dynamic managerial capabilities is sensemaking. However, sensemaking
requires being able to appreciate the complex features of big data by reducing
its ambiguity through a corresponding set of disciplines and subject areas
(Calvard, 2016). The main issue is to learn how to analyze big data by combin-
ing disciplines such as management, economics, statistics, applied mathemat-
ics and computer science (Calvard, 2016). One of the risks of interdisciplinary
approaches is that some groups can bring their biases about the form and
content of big data, how to convert data into knowledge to shape future actions
and decisions. Therefore, Big Data Analytics capabilities are based on modeling
and systems principles capabilities.

In terms of the impact of big data analytics in the dynamic managerial capa-
bilities, managers need to be aware of how to use descriptive analytics seam-
lessly in order to generate and understand reports. Then, managers should be
able to implement inquisitive analytics (drill downs, statistical and factor
analysis) to probe data so as to verify or reject business propositions (Bihani
and Patil, 2014). At this level of sophistication, managers can trust analysts to
perform predictive analytics (forecasting and statistical modeling) in order to
to perform search of options. Finally, the process of asset orchestration can be
enhanced by prescriptive analytics (optimization and testing).

2.3 End of Chapter

In a complex world awash with big data, dynamic managerial capabilities need
to evolve from the traditional reliance on past experience and intuition.
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Organizations need to evolve into a data-driven culture where decisions are
made based on insights obtained from data. Decisions have to be made at all
levels where the data is available and not influenced by the hierarchical posi-
tion. While it will very difficult not to have specialists in big data analytics, they
need to work as functional managers and, even, embed themselves into func-
tional areas. A key aspect of dynamic managerial capabilities in a complex
world with plenty of big data is for managers to be willing to override their own
intuition if data contradicts it. Moreover, data will not make sense if there is no
model to make sense of the data. Therefore, a key dynamic managerial capabil-
ity is modeling, especially modeling the organization as systems of intercon-
nected elements, e.g. resources. Only with a systems perspective, the integration
of data will enhance sensemaking. Modeling is beyond the simple mathemati-
cal model or the systematic ordering of qualitative data. Modeling involves
performing a social practice by participating actively with the model during
strategizing processes.

2.3.1 Revision Questions

1) What is the impact of data velocity on managerial cognition? What new
abilities should managers have to manage high data velocity? Think of an
example of a company and industry to answer these questions.

2) Find a list of big data analytics tools to perform descriptive analytics. How can
you apply descriptive analytics to support asset orchestration processes?

3) How can you ensure a representation of a system is considered during asset
orchestration?

2.3.2 Case Study: The Future of Strategizing

Strategizing is a field within strategic management literature which is related to
the strategy work. Strategizing involves “the practices and processes through
which strategy is conceived, maintained, renewed and executed” (Paroutis
et al., 2013: page 7). More specifically, strategizing can be described using the
3P framework (Paroutis et al., 2013: page 11):

e Practitioners: people performing the practices in the organization such as
CEO, top management team, managing directors, chief strategy officer, con-
sultants, etc.

e Practices: methods, tools, and procedures employed during strategizing.

e DPraxis: strategy activity and its relationship with organizational, institutional
and societal contexts.

An example of three potential situations where strategy is being made is pre-
sented in Table 2.1 using the 3P framework (Paroutis et al., 2013).
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Table 2.1 Praxis and practices for three practitioners in strategizing.

Chief Strategy

Officer Consultant Strategy team
Practices e Outputs are e Outputs are reports e Participation in the strategy
reports for the and presentation to cycle (development of
top management advice clients strategies over a certain
team e Implementation of period)
e Simple strategy recommendations e Ad-hoc organization for
tools, e.g. SWOT ¢ Use of specific tools dealing with non-routine
e Connected with developed in-house requirements
other people and adapted to o Flexibility to deal with
responsible for specific problems variety of initiatives
developing e Development of a e Multiple stakeholders
strategy social network
Praxis e Supporting the e Analysis of client’s e Preparing documentation
CEO problems e Developing knowledge base
e Embedded in the e Provision of e Process development
bus‘l ITESS. soluti ?ns ] e Initiating new ideas
e Facilitatingthe o Work}ng with o Starting new initiatives
balance between client’s strategy team Applvi dels and
short- and . i ) e Applying models an
1 * Us'lng high analytical 1, othods to achieve
ong-term skills dinati
objectives ) coordination
: . * Extraction of e Supporting the process
e Interacting with information
stakeholders ) ) through knowledge and
rvolved i e Collaboration with tools
involved in . .
internal actors in the .
strategy client e Performing analyses
e Sharing resources and

information to develop
strategies cross functionally

e Defining strategy outputs

Here are a few questions about strategizing:

1) What management science tools and methods are more convenient for each
actor? Why?

2) What activities will benefit the most from big data analytics?

3) What will be a key profession to take each role in 10 years?
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3

External Environment: Political, Economic, Societal,
Technological and Environmental Factors

Objectives

1) To define exogenous factors
2) To learn tools for foreseeing changes in exogenous factors
3) To organize external environment information for decision making

Learning outcomes and managerial capabilities developed

1) To develop sensemaking managerial capabilities
2) To classify the impact of external factors into threats and opportunities

Strategic choices are a function of conditions of the internal and external
factors and the possibility of influencing them. The external environment, or
external factors, can affect the organization’s choices as well as its performance
so it is fundamental to consider them within the strategic management process
even though it will be impossible to affect them. The closeness of the external
factors to the organization implies the possibility for the organization to influ-
ence, within a certain time horizon, conditions of these factors. The external
environment can be divided into three parts according to the closeness to the
organization: rivalry with existing organizations; industry dynamics defined by
the suppliers, potential entrants, substitutes and customers; and the general or
remote environment defined by the political, economic, social, technological
and environmental factors (Figure 3.1).

External factors can not only be threats to the survival of the organization
but also opportunities to achieve the vision defined for the organization or
even redefine it. Therefore, organizations may need to design strategies to
defend themselves against a threat or follow opportunities arising from favora-
ble changes in the external factors. This chapter addresses the factors residing
in the general or remote environment.

Strategic Analytics: Integrating Management Science and Strategy, First Edition. Martin Kunc.
© 2019 John Wiley & Sons Ltd. Published 2019 by John Wiley & Sons Ltd.
Companion website: www.wiley.com/go/kunc/strategic-analytics
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Figure 3.1 External factors affecting the organization.

Political These factors examine the political situation since government
regulations and legal issues play a role in its economy and can ultimately affect
the organization. Examples of such factors are tax policies, environmental
policy, labor laws, international trade barriers and tariffs. It is essential for
organizations to asses and align themselves with these policies in order to
devise strategies which will enable them to operate successfully in the market
and, thus, avoid government pressures as an interested stakeholder.
Government policies can become a huge impediment to the growth of an
organization if they affect strategic choices in terms of business models.
Government policies may also become highly beneficial if they are supporting
the growth of the industry or creating barriers to avoid competition.

Economic The macro-economic factors are likely to impact the costs incurred
by an organization as well as the revenues. Elements such as exchange rates,
interest rates and inflation rates affect an organization’s raw material and
capital cost, indirectly determining the performance of the business.
Additionally, these factors also have an impact on the purchasing power of the
consumers which affects the demand for products/services and revenues.
Organizations need to actively study the macro-economic trends and factors
to understand the dynamics of the financial resources and maintain their
profitability during an economic or financial crisis.

Economic factors can be divided into global- and macro-economic factors.
The global-economic factors are the external factors which are not determined
by national governments. Examples of such factors can include globalization
and the state of other economies. These are not controlled forces but have an
influence on the whole economy including consumers, suppliers and competi-
tors. On the other hand, macro-economic factors are structured and
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determined by a country’s government in order to control its economy. These
include taxes and monetary policies, which directly affect businesses, together
with government budget. Macro-economic factors are used to predict the
direction and cycle of the economy and the resulting information can aid
organizations to plan their strategies accordingly.

Social These factors comprise attitudes and characteristics of the population
such as lifestyle trends, age distribution and demographics, health
consciousness, and racial and ethnic diversity. All of these factors help in
gaining an understanding of the consumers’ buying patterns.

An organization can foresee if its products/services can compete in the cur-
rent and future market by looking at its demographics and cultural elements,
as these factors help examine consumer needs. Furthermore, these factors can
have a massive impact on the organization’s operations since an activity or
product that threatens the society’s norms will receive negative publicity.

Technological Technological factors refer to the exogenous factors that can
affect the technical dimensions of an organization. The impact of changes in
technological factors can affect the level of productivity, cost and quality of a
product or service. Technological factors can limit or enhance innovation,
determine barriers to entry, and eventually impact the decision-making
process. Government investment on technical research and/or policies
fostering R&D can determine new technologies whose impact may be perceived
many years later.

Environmental Environmental factors include ecological factors such as
climate, weather changes and geographical events, e.g. earthquakes, that
interrupt supply chain processes and/or demand for products. These factors
have become increasingly indispensable to monitor due to increasing weather-
related incidents. Organizations are also required to do business sustainably
due to government and society pressures.

3.1 The PESTE Analysis

The external factors are usually grouped during the strategic management pro-
cess using a framework called PESTE, an acronym formed by the first letters of
the factors mentioned previously. The framework helps managers to identify,
organize and qualitatively analyze the external macro-environmental factors
that are likely to affect an organization’s present or future performance.
Variations in the framework, mostly concerning the order of the factors, have
emerged over the years and the method has also been referred to as STEP,
PEST, PESTLE (L stands for Legal factors) or SEPT by different authors (see
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Further reading). In any case, the order of the factors does not reflect a
preferential method or differences among the variations.

The fundamental purpose of the PESTE analysis is to focus the attention of
the organization to the external environment (Figure 3.1) through an “environ-
mental scan” and identify, organize and analyze the factors affecting the pre-
sent and future performance of the firm. PESTE can also be employed for
evaluating strategic decisions that are likely to be affected by issues beyond the
control of the organization. PESTE can be helpful for businesses entering new
countries or new markets, since the external analysis helps the organization to
adapt to the external forces determining the dynamics in the new environment
(Nayha and Pesonen, 2012).

Organizations are more likely to survive by adopting a proactive approach
rather than a reactive approach in order to align themselves with changing
environmental trends (Miller, 1988). However, research in strategic manage-
ment suggests long-tenured managers tend to ignore their environments
(Kunc, 2005). Long-tenured managers are able to detect and interpret events
that are in line with historical trends and expectations, but are poor at perceiv-
ing, understanding and reacting to significant changes (Miller, 1991). Ferrier
(2001) suggested that managerial experience influences sensemaking. Highly
analytical strategy processes, which involve exhaustive and comprehensive
analyses of the environment and the organization, depend primarily on the
availability of enough information. Only stable environments can provide the
information needed to implement a comprehensive mode of decision making
(Fredrickson and Mitchell, 1984). Given the importance of being proactive and
the issues related to the behavior of managers over time, PESTE analysis should
be employed regularly in order to be effective since certain external factors
may be highly dynamic. Table 3.1 shows the process to perform the PESTE
analysis.

3.1.1 Limitations of PESTE Analysis

According to Schoemaker and Day (2009), only 20% of organizations are able
to extrapolate valid information from external factors such as macro level indi-
cators. Unfortunately, the PESTE framework does not establish a comprehen-
sive evaluation system for these factors. On the one hand, gathering too much
information but losing sight of the main objective may delay the process sig-
nificantly (Langley, 1995). It is important for decision makers to focus on the
identification of only the most fundamental issues and their potential implica-
tion. On the other hand, organizations that carry out the process systematically
by observing similar factors over time may overlook changes in other external
factors, which can become critical. Another issue related to the process is when
PESTE analysis is carried out by a limited number of individuals, who always
form the same group; it may finish with tunnel vision (Sabherwal and
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Table 3.1 PESTE analysis.

Steps Key activities Detail

1) Select the Selection of the The team should involve internal
external factors that sensemaking team (managers) and external (industry
are critical to the Identification of factors by experts) actors

firm the team Prepare a workshop with the team and

other relevant actors, e.g. board of
directors. Using techniques, such as
brainstorming, identify the most
important perceived external factors

2) Select sources of The team searches for After the trend analysis, try to
significant statistical information, and/ aggregate variables if they have
information for or government and/or similar trends and are highly related.
each of the external research reports that provide Evaluate causality: if one variable
factors information about trends on depends on the value of another, you
the external factors will need to separate them
3) Evaluate the The team needs to identify There are many techniques to
impact of the the technique that best evaluate the impact of external factors
external factors on  adapts to the selected from quantitative and qualitative
the performance of factors, available data, cost, methods (see Section 3.2 for details)
the organization time and skills available You may wish to consider significant

impact but low probability events
disregarding major disasters
4) Categorize the The team categorizes the  If a variable has a positive impact, e.g.
external factors into impact of the factors in the social changes can expand the size of

opportunities or future development of the market, then you will consider it
threats industry, markets and the  as an opportunity for the firm. If a
organization variable implies a negative impact,

e.g. interest rates may decrease the
availability of funding, then you
should consider it a threat (to the

organization)
5) Include the The team prepares the The result of the process may help the
insights into the results of the analysis for ~ organization to reformulate its
strategic consideration in current mission, identify requirements in
management and future strategies terms of internal factors, and to
process design strategies for achieving its

goals and objectives aligned with the
external environment

Becerra-Fernandez, 2011). An additional drawback of the PESTE tool is its
reliance on assumptions and the oversimplification of data to realistically per-
form the analysis within time constraints, leading to less accuracy and errors.
Consequently, PESTE analysis, which is based on subjective analysis, depends
on the capabilities and expertise of the persons participating in the planning
process (Kajanus et al., 2012).
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Moreover, the qualitative character of the PESTE framework is a limitation
(Yuksel, 2012). Decision makers are faced with the complex task of assessing
numerous factors without a systematic measurement system to assist in the
procedure. For example, it is not correct to assume that every element
of the PESTE analysis has equal implications for the organization. Furthermore,
the framework noticeably overlooks the existing complex relationship between
the external factors, effectively ignoring their inter-dependency. For instance,
an economic crisis can produce social changes which may lead to political
instability. Thus, a correlation analysis between external factors may address
some of these issues. While the PESTE framework is useful to provide a first
insight into the set of external factors affecting present and future performance,
the framework is insufficient unless it is used in conjunction with management
science tools.

To summarize, there are seven limitations to PESTE analysis. First, it relies
strongly on the expertise of participants in the analysis. Secondly, participants
can transfer their biases into the process making it a highly subjective analysis.
Thirdly, factors may be assessed isolated so their interactions may be ignored.
Fourthly, factors may not be adequately assessed in terms of relevance and
importance to the organization. Fifthly, time and cost constraints can lead to a
tunneled vision leaving key factors out. Sixthly, there is no information or too
much irrelevant information for many factors. Seventhly, the analysis is static
as it focuses on existing knowledge without considering future development.

Food for thought 3.1 The Drax Group is a power generation business which pro-
vides 7-8% of the electricity demand in the UK. It also operates a biomass business
in the USA, which produces wood pellets for electricity generation.

The company started in 1974 with three generation units and then in 1986 fin-
ished three additional coal-fired power generation units. The total capacity is closer
to 4000 MW which makes Drax the largest power station in the UK. In 1988, it
adopted a desulfurization process so the power station became the cleanest gen-
eration unit. After the privatization of the electricity industry in the UK, the com-
pany became part of a US-based company.

The privatization of the energy industry led to increased competition, over-
capacity and other factors that reduced the electricity price in the early 2000s. Drax
came under the ownership of financial institutions due to its financial problems
and in 2005 was listed in the London Stock Exchange. In the late 2000s, Drax inte-
grated downstream with a supply company.

Following external changes (environmental, technological and political) in elec-
tricity generation, Drax announced its conversion to biomass-based power genera-
tion plants, e.g. using wood pellets instead of coal, and transformed three of its
units by 2014. To support the conversion, Drax invested in wood pellets plants and
port facilities in the USA.
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The example of Drax raises some interesting questions in regard to the evolution
of external factors affecting an organization that changes over time:

o Identify two factors within each PESTE category for the company between 1974
and 1988. You may look for information in websites describing the situation in
the UK energy industry between those years.

o Identify two factors within each PESTE category for the company between 1989
and 2013. You may look for information in websites describing the situation in
the UK energy industry between those years.

o Identify two factors within each PESTE category for the company that may be
relevant from 2013 until 2030. You may look for information in websites describ-
ing future scenarios for the UK energy industry.

o Compare the factors and potential opportunities and threats arising from them
in each time period and the strategic changes in the business. What is your opin-
ion about the strategies followed by the company? Are the changes in the busi-
ness driven internally or externally?

3.2 Integrating Management Science
in the Strategic Management Process

When using management science tools to make sense of exogenous factors,
managers needs to be aware of more than one technique available so as to
make an informed judgment on whether to apply a particular technique.
Techniques are usually grouped in three categories. First, qualitative tech-
niques are based on judgment rather than on records of past data. Secondly,
causal modeling techniques mean variables are statistically linked in cause-
and-effect relationships, e.g. correlations. The relationship is assumed to hold
in the future and is used to make the forecasts. Thirdly, time series techniques
predict future values of a variable using only historical values. They involve
determining patterns in the historical data, e.g. patterns, that are expected to
remain into the future.

The objective of the use of systematic methods is to overcome PESTE limita-
tions related to the subjective assessment of factors and to evaluate the PESTE
elements according to their relative impact. Table 3.2 presents a list of diverse
methods employed to forecast the development of the external factors. The
table contains a brief description of each method; an evaluation of the costs to
use it in terms of process, data and tools; the perceived level of acceptance; and
skills required to implement them together with the type of uncertainty that is
addressed. All quantitative methods are associated with predictable futures
where there are trends that can be recognized and some methods can uncover
alternative futures by identifying probabilities of certain events. Most of the
qualitative methods deal with a range of futures and ambiguity in the future.
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Table 3.2 Methods to evaluate the impact of external factors.

Type of
Metheds Brief description Cost and effort Recognition Level of skills required uncertainty
Quantitative
methods
E ic  (TB)Anec rie High since it requires  High due to the This tool is basically employed  Predictable
madels maodel specifies the large economic importance of cconomic by economists to forecast future
istical relationship ~ datab and specific  theory in the future developments in the
between the variables  software management of public  economy based on past
associated with policies relationships among economic
economic factors, They variables such as consumer
are essentially multiple spending, household income,
regression equations tax rates, interest rates, and
employment. Consequently, it
requires knowledge of
economic theory
Simpleand  They explain the High/medium as it High due to the A basic analysis Predictable and
multiple iations in dep depends on the set of  availability of software  can be performed by any alternative
regression variables due to the data and the software  and the widespread university graduate with futures
maodels impact of one or more  to be employed. Basic  existing knowledge training in quantitative
i d d iabl ions can be about them methods, e-g. statistics. More

There are multiple
forms such as linear
and i

p:rformed using
widely available
preadsheet software

sophisticated regression
analyses require specific
training, sometimes at master
or PhDD level



Timeseries  They evaluate the High/medium as it
maodels I of variabl depends on the set of
over time based on data and software to
historical data with the  be employed
aim of identifying
seasonal and eyelical
factors
Trend These models assume  High/medium as it
analysis the future will result depends on the set of
from the existence of a  data and software to

long-term trend

Qualitative or judgmental methods

Operational  These estimates invalve

and executive  aggregating the

estimates apinions of diverse
people related to the
external factors, eg.
social factors may be
identified by the sales
and marketing areas

be employed. This
analysis can also be
performed using a

High due to the
relatively “safe’) and
extensively accepted,
assumption that the
future depends on the
past

High due to relatively
“safe’, and extensively
accepted, assumption
that the future d 1

The level of skills depends on
the type of technique to be
performed since there are
numerous techniques, e.g.
linear, exponential, S-curve,
univariate, multivariate, with
diverse levels of complexity
The level of skills depends on
the type of technigue to be
performed since there are

technig eg.

on the past. Additionally,
this analysis can also be

simple average, exponential
smoothing, logarithmic, with

widely available performed using a diverse levels of complexity.
preadsh fin widely availabl additionall plexity is
preadst ft 1 by the identification
of changes that may affect the
trends
Low since it is High due to extensively  The skills required will be
basically generated by accepted assumption simple if the number of
collecting the opinion  that the experience of  estimates are low, e.g. a simple
of people working in ~ the people will be able to - average. However, the
the company identify situations where complexity may increase if the

historical data is not
available

process involves a large
number of estimates

Predictable

future

Predictable
future

Predictable,

alternative and a
range of futures



Customer They are primary data  High since the design,  High as every business  The skills required are Predictabl
surveys | collection methods testing of the accuracy  needs to be informed medium since it requires alternative and a
Market involving the design of  of the process, and about changes in social  knowledge about range of futures
research questionnaires, data collection is a and technological Juesti design,
definition of the sample long and costly process factors g its isti pling and
and further statistical i it is done internally.  market analysis even if the research is
analysis with the The cost may decline if performed externally
objective to learn the it is performed by an
intentions of either external agency
current or future
customers
Scenario Ttis a syst Low/medium as it Medium as it is based in ~ There are simple methods to A range of
method for thinking depends on the qualitative perceptions  develop scenarios (see Further futures
about the future in a number of people without quantitative reading). However,
consi and involved in the process data and, in many cases, difficulty is in the acceptance
plausible manner from only eitherthe  surprising results for of issues that may go beyond
top team ponsibl the tenure of most managers
or large groups of for short- to medium- as well as developing a process
stakeholders. term decisions that is objective and replicable
Delphi This method consists  Low/medium since it~ Medium given the The only related skill is A range of
method in the development of a - depends on the complexity of the learning the method and futures and true
consensus across a set  number of people method in terms of pplying ically as well biguil
of experts about the involved and how access to experts, as identifying and accessing
future accessible they are questionnaire design the experts. It is mostly
and process employed in social, political

and technological factors

Source: Adapted from Pearce and Robinson (2000},
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3.2.1 Achieving Consistency in PESTE Analysis Using the Analytic
Hierarchy Process

AHP, or Analytic Hierarchy Process, was originally developed by Thomas L.
Saaty in the 1970s. The AHP is a basic approach to decision making designed
to handle both rational and intuitive approaches in order to select the best
alternative from a number of options evaluated with respect to several criteria
(Saaty and Vargas, 2012). The AHP is able to accommodate subjective opinion,
objective data and expert knowledge within the same decision analysis (Kurttila
et al., 2000) In AHP, decision makers perform simple pairwise comparison
judgments which are then used to develop overall priorities for ranking alter-
natives (Saaty, 1990). AHP identifies inconsistency in the judgments in order to
improve consistency (Saaty, 2008).

AHDP, as a decision analysis tool, is of particular importance for group deci-
sion-making and while it can be used in a variety of fields and applications, it
is extensively used in strategic planning (Vaidya and Kumar, 2006; Kajanus
et al., 2012). AHP is also favorable for complex problem solving, especially
concerning issues that rely on human perceptions (Bhushan and Rai, 2004).
The analytic aspect implies both objective and subjective data are translated
into numbers and mathematical formulation is used to evaluate the data so
the decision maker can explain choices systematically. The choices can be
generated by either one decision maker or a group. As discussed previously,
organizations that are undertaking PESTE analysis rely heavily on the
expertise of the individuals involved in the task and often, variations in judg-
ment can affect the evaluation process. The hierarchy component of the
process implies that the decision problem is structured, in its simplest form,
in three levels of hierarchies: the goal at the top level, followed by a second
level consisting of the criteria, and the alternatives located in the third level
(Saaty and Vargas, 2012). Figure 3.2 shows a hierarchical structure of the
attractiveness of a country based on external factors (political and economic
factors) with their respective criteria and a rating of their intensities (high to
low). Finally, the process aspect of the method involves thinking over the
concepts identified, gathering new information, negotiating data and formu-
lating group consensus through the proper running of decision-making ses-
sions (Wu and Wu, 1991).

In more detail, the application of AHP to a PESTE analysis will involve the
steps given in the following.

The first step is PESTE analysis. The key activity in this step is to define the
external factors pertaining to each concept of the PESTE framework. The
maximum number of factors within each concept should not be large due to
the impact of the rapid increasing number of pairwise comparisons. It is
important to organize the structure of the PESTE factors in hierarchy if there
is more than one level of analysis.
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What new international market is attractive?

. Technological ; :
Political Factors Factors Economic Factors Social Factors
Alternative
International Colombia Tanzania Indonesia
Markets

Figure 3.2 A PESTE analysis to evaluate international market attractiveness.

The case to be addressed to illustrate the AHP analysis corresponds to a
medium size company which is interested in expanding internationally. An
initial evaluation suggested three potential markets: Colombia, Tanzania and
Indonesia. The management team has a brief discussion about the PESTE fac-
tors to evaluate each potential market and they decided to focus on: political,
economic, social and technological factors. Figure 3.2 shows the structure of
the problem that is going to be addressed using AHP.

In the second step, a group discussion was organized, a questionnaire is pre-
pared if it is not possible to arrange a meeting, to compare the factors pairwise
and add a numerically evaluation according to their relative importance based
on Saaty’s “scale of relative importance” (Wu and Wu, 1991). Each numerical
value reflects the decision makers’ preference for a factor with respect to
another factor and the strength of the preference (Table 3.3).

Thirdly, a pairwise comparison normalized matrix with the PESTE factors is
developed to calculate the weights of each factor. Basically, each row contains
the evaluation of the factor with respect to another PESTE factor obtained in
the previous step. For each value in the first row, a reciprocal value is defined
in the corresponding column. For example, economic factor has moderate
importance with respect to political factor and political factor has a very strong
importance with respect to social factor. See the example in Table 3.4.

Then, each element of the pairwise matrix is divided by the aggregate sum of
its respective column to calculate its corresponding normalized element. This
generates a new matrix with the normalized values where the sum of the ele-
ments in each column is 1. See the example in Table 3.5.

The priority vector is calculated for each PESTE factor where the priority
vector (Table 3.6) is calculated by dividing the aggregate sum of each row by



Table 3.3 Scale of relative importance to evaluate PESTE factors.
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Verbal preference

Numerical scale

Factor A has equal importance with respect to factor B 1
Factor A has a moderate strong importance with respect to factor B 3
Factor A has a strong importance with respect to factor B 5
Factor A has a very strong importance with respect to factor B 7
Factor A is extremely important with respect to factor B 9
Values 2, 4, 6 and 8 are intermediate values of preferences
Table 3.4 Pairwise comparison matrix for the PESTE factors.
Political Technological Economic Social
Political 1 5 2 4
Technological 1/5 1 1/2 1/2
Economic 1/2 2 1 2
Social 1/4 2 1/2 1
Table 3.5 Normalized pairwise comparison matrix for the PESTE factors.
Political Technological Economic Social
Political 0.5128 0.5000 0.5000 0.5333
Technological 0.1026 0.1000 0.1250 0.0667
Economic 0.2564 0.2000 0.2500 0.2667
Social 0.1282 0.2000 0.1250 0.1333

Table 3.6 Priority vector for PESTE factors.

Priority vector

Political
Technological
Economic

Social

0.5115
0.0986
0.2433
0.1466
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the number of pairwise comparisons. Each element of the priority vector
reflects the weighted importance of the factor. Therefore, the sum of all priori-
ties must be equal to 1. The initial analysis indicates the economic factor is the
most important factor followed by the political factor. The result will be used
as a scaling factor to obtain the global priorities for each alternative interna-
tional market.

Fourthly, it is necessary to verify any inconsistencies in the matrix regarding
the relative importance given by the decision makers. The technique involves
Consistency Ratios (CRs) which have to below 0.10 to be consistent (Saaty,
1980). To calculate CR, there is a procedure:

1) Compute Aw where A is the matrix calculated in Table 3.4 and w is the
priority vector in Table 3.6. You can multiply the two matrices because
matrix A has the same number of column as w’s number of rows. The row
for the new matrix is obtained by summing the products of the elements in
row 1 of Table 3.4 with the corresponding elements in the column of
Table 3.6.

Results
2.0774
Aw= 0.3958
0.9894
0.5933

2) Calculate the ratio of each element of Aw with its corresponding element in
the priority vector (Table 3.6) and average these ratios:

2.0774/0.5115 +0.3958 / 0.0986 +
0.9894/0.2433+0.5933/0.1466 |/ 4= 40477

3) Calculate the Consistency Index (CI) using the following equation:

Cl= [(result from the equation in step 2)— number of factors] /
(number of factors—1)

CI=(4.0477-4)/(4—1)=0.0159

4) Calculate CR by dividing CI with RI (Random Index). The values of RI
shown in Table 3.7 provide the average value of CI if the entries in the
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Table 3.7 Priority vector for PESTE factors.

2 3 4 5 6 7 8 9 10
0.00 0.58 0.9 1.12 1.24 1.32 141 1.45 1.51

Table 3.4 were selected randomly. If the ratio of CI to RI is small, the deci-
sion makers’ pairwise comparisons will be consistent. Thus, the suggestion
that CR < 0.10. If CR > 0.10, there are important inconsistencies and AHP
analysis will not be useful. In this case, CI/RI= 0.0159/0.90=0.0177.

The next step is to assign a score for each alternative international market
with respect to each PESTE factor. To perform these evaluations, the scale
from Table 3.3 is used and a pairwise comparison matrix, such as Table 3.4, is
generated and the scales are discussed collectively. Table 3.8 shows the pair-
wise comparison matrices (top) and the four PESTE factors and the normal-
ized comparison matrices (bottom) for the three alternative international
markets. The procedures to calculate the matrices are similar to steps 2—4
mentioned previously

Table 3.9 shows the priority vectors for each international market. It is inter-
esting to observe that Indonesia is the best alternative when technological and
social factors are considered while Tanzania is only interesting from an eco-
nomic perspective and Colombia from a political perspective.

The final step is to determine the best market by combining all four separate
scores for each country in Table 3.9 with the priority vector for each PESTE
factor in Table 3.6.

Colombia = 0.57 * 0.5115 + 0.16 * 0.0986 + 0.09 * 0.2433 + 0.08 * 0.1466 = 0.3409
Tanzania =0.29 *0.5115 + 0.25* 0.0986 + 0.67 * 0.2433 + 0.32 * 0.1466 = 0.3829
Indonesia = 0.14 * 0.5115 + 0.59 * 0.0986 + 0.24 * 0.2433 + 0.60 * 0.1466 = 0.2761

The final results show Tanzania is the preferred market followed by Colombia.
While Indonesia has strong scores in two PESTE factors, both of them are not
significantly important for the decision maker.

An extension for the previous analysis can involve a second level of factors,
e.g. the economic factor can be decomposed into a set of additional factors
such as GDP per capita, GDP growth, etc. In this case, the AHP process has to
be performed for the lowest level hierarchy and then the priority vector for the
highest level PESTE factor acts as a global priority, or scaling, factor (Wu and
Wu, 1991).
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Table 3.8 Pairwise comparison matrices for alternative international markets.

Palitical Technological Economic Sacial

Col. Tanz. Ind. Col. Tanz. Ind. Cal. Tanz. Ind. Col. Tanz. Ind.
Colombia 1 2 4 1 12 173 1 17 173 1 1/4 17
Tanzania 1/2 1 2 2 1 13 7 1 3 4 1 1/2
Indonesia 1/4 112 1 3 3 1 3 173 1 7 2 1
Colombia 0.57 0.57 0.57 017 011 0.20 0.09 0.10 0.08 0.09 0.08 0.09
Tanzania 029 0.29 0.29 033 0.22 0.20 064 068 09 033 031 0.30
Indonesia 0.14 0.14 0.14 0.50 0.67 060 027 022 0.23 0.58 0.61 06l
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Table 3.9 Priority vectors for alternative international markets.

Political Technological Economic Social
Colombia 0.57 0.16 0.09 0.08
Tanzania 0.29 0.25 0.67 0.32
Indonesia 0.14 0.59 0.24 0.60

Some implications of the AHP analysis for decision making are:

o Visualization of the highest global priorities for the organization as those factors
that are the most important for the decision makers within a PESTE analysis.

¢ Improvement of decision-making process since AHP eliminates the assump-
tion that all factors have equal implications.

o The initial evaluation of the PESTE concepts can be replaced by sensitivity
analysis to identify scenarios determined by diverse preferences among deci-
sion makers.

A summary of the process to perform AHP comprises three steps (Wu and
Wu, 1991):

1) Development of the hierarchy structure using a graphical presentation of
the objective, the criteria, sub-criteria and various alternatives (Figure 3.2
and Table 3.3).

2) Establishing normalized weights for the main criteria; establishing normalized
weights for all sub-criteria; and defining normalized weights for each alterna-
tive with respect to each sub-criterion. All these normalized weights are gen-
erated by pairwise comparison matrices developed with the decision makers.

3) Combine the normalized weights or priority values of step 2 to establish the
overall normalized weights and priorities of the alternatives.

Food for thought 3.2 You have been hired by Drax to evaluate the development
of a new generation plant based on four types of technologies: coal, natural gas
combined cycle, nuclear and biomass. After an initial evaluation using PESTE analy-
sis, the management selected a set of criteria (Table 3.10). Your task is:

1) To evaluate the generation plant technologies with respect to the criteria
selected in order to rank them in terms of desirability. Follow the procedure
explained previously to calculate the priorities for each criterion and then evalu-
ate it. Which is the most desirable technology? Which is the least desirable?

2) To replace the priorities obtained through AHP by performing different sensitiv-
ity analysis, e.g. varying the weights for the PESTE factors. What are the main
changes in the ranking with diverse weights emphasizing certain PESTE factors?
For example, what will happen if there is more concern for environmental and
social factors than economic and technological and vice versa?
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Table 3.10 Criteria selected.

Political Economic Technological Social Environmental
Land Job creation Radioactivity Social Non-radioactive
requirement acceptance emissions

Land requirement  The land required by a plant is important for their evaluation
because the quality of life is affected directly and indirectly by the technology of
the plant. First, land is valuable, especially when power plants are located near
metropolitan areas. Secondly, visual disruption can be caused by the buildings
and noise pollution from equipment, such as wind generators, that are difficult to
be financially assessed but definitely affect the area near the plant. Thirdly, the
process of building the plant: excavations, tunnels and other work necessary for
plant operation disrupt the flora, the fauna and the ecosystem generally generating
reactions from diverse stakeholders. Biomass power plants seem to occupy more
land than coal, natural gas combined cycle and nuclear power plants
(Chatzimouratidis and Pilavachi, 2008) but this measure may be controversial
since biomass can also come from secondary sources, e.g. chips from forest or
corn discarded. The land required in square kilometers per 1000 megawatts
produced is: 2.5 for plants using coal, natural gas combined cycle and nuclear, and
5000 for biomass power plants (Chatzimouratidis and Pilavachi, 2008).

Job creation Depending on the technology, power plants can employ many
people during their life cycle (from construction and operation until
decommissioning). The average number of jobs created by a 500 MW power
plantis: 2500 for coal and nuclear, 2460 for natural gas combined cycle, and 36
055 for biomass (Chatzimouratidis and Pilavachi, 2008).

Radioactivity Interestingly, even small amounts of radioactivity are released to
the atmosphere from both coal-fired and nuclear power stations
(Chatzimouratidis and Pilavachi, 2008). In the case of coal combustion, small
quantities of uranium, radium and thorium present in the coal produce various
levels of radioactive fly ash such as 490 (person-rem/year) for a 1000 MW
power plant (Chatzimouratidis and Pilavachi, 2008). Nuclear power stations
and reprocessing plants release small quantities of radioactive gases such as
krypton-85, which can be detectable in the environment with sophisticated
monitoring and analytical equipment (4.8 [person-rem/year] for a 1000 MW
power plant) (Chatzimouratidis and Pilavachi, 2008). No radioactivity is
released from natural gas combined cycle and biomass power plants.

Social acceptance  Social acceptance can be defined by pairwise comparison of
the types of power plant with respect to their acceptance by the local community
(where 1 is of equal importance up to 9 meaning extreme importance). Each
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type of power plant in a row of Table 3.11 is compared with a type of power
plant in a column but the figures represent how much better or worse a power
plant in a row of the table is in comparison with a power plant in a column
(Chatzimouratidis and Pilavachi, 2008).

Non-radioactive emissions Non-radioactive emissions can be either gaseous or
small particles and they tend to affect people’s respiratory system, cause cancer,
cardiovascular and vision problems as well as ecosystem instability and the global
warming effect (Chatzimouratidis and Pilavachi, 2008). Each type of power plant
releases different amounts of substances during their life cycle such as 986 000
(mg/KWh in CO,-equivalent) for coal, 450 000 (mg/KWh in CO,-equivalent) for
natural gas combined cycle, 21 435 (mg/KWh in CO,-equivalent) for nuclear, and
58 000 (mg/KWh in CO,-equivalent) for biomass (Chatzimouratidis and
Pilavachi, 2008). It is clear coal is the more contaminating technology.

Table 3.11 Subjective pairwise evaluation of social acceptance for types of power plants.

Natural gas
Type of power plant Coal combined cycle Nuclear Biomass
Coal 1 1/5 3 1/3
Natural gas combined 5 1 5 1/3
cycle
Nuclear 1/3 1/5 1 1/5
Biomass 3 3 5 1

Source: Adapted from Chatzimouratidis and Pilavachi (2008: table 8, page 1080). Reproduced
with permission of Elsevier.

3.2.2 Understanding the Evolution of PESTE Factors Using Visualization

Analytics

PESTE factors evolve over time through slow and regular progressions, abrupt
changes, and turnarounds. For example, a discussion on a regulation can take
many years since the regulation is shaped over time. Therefore, temporal pat-
terns can be useful to understand how certain PESTE factors evolved and pre-
dict future developments. Bach et al. (2016) introduce the concept of time
curves. The time curve technique is an approach to visualize temporal data
based on their similarity, which can be quantified using a metric, in discrete
time points (Bach et al., 2016). Basically, all data is arranged on an initial time-
line where each position encodes time but then the timeline can be stretched
and folded depending on their similarity. Therefore, space reflects similarity.
Time curves are useful to identify patterns in the development of a factor such
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as degree of stagnation (progression — lines vs. stagnation — multiple crossing
curve lines), point density (sparse — few instances vs. dense — multiple instances),
oscillations (no oscillation — stable vs. high oscillations — unstable).

3.3 End of Chapter

Evaluating the external environment of the firm is important for firms because
changes in PESTE factors can: alter the demand for products both for a company
and the whole industry; change how products and services reach consumers; and
change prices and ways in which organizations relate to stakeholders. There are
many methods to evaluate the external environment, either qualitative or quan-
titative, but all of them start with identifying the critical factors that might be
opportunities or might become threats to the future of the organization. The
methods can have diverse planning horizons, some may be more suitable for
short to medium term, e.g. time series or regressions, while others may be more
amenable to long-term horizons with more uncertainties, e.g. scenarios.

In terms of developing a system to support foreseeing the dynamics of exter-
nal factors, there are some guidelines that can be followed. First, it is important
to evaluate the decisions that are being supported by the system. Secondly,
define what type of analysis is needed in terms of variables, frequency of the
analysis, time horizon and accuracy levels. Thirdly, a conceptual model is pre-
pared by indicating the ideal methods and causal linkages with the variables
being forecasted. For example, it may indicate the historical patterns which
might influence the future, causal variables, and whether volatile conditions
might point to the use of a qualitative method. Fourthly, what data is, and is
not, available. Fifthly, test the method’s accuracy comparing the past data and
the forecasted results. Sixthly, decide how to incorporate judgments into fore-
casts. Finally, monitor the performance of the system by measuring accuracy
by using MAD (mean absolute deviation) and MSE (mean square error).

The managerial capabilities developed in this chapter are: the ability to iden-
tify environmental factors that can affect an organization’s performance (in the
past, present and future); the ability to identify management science tools suit-
able to evaluate the importance of the factors and additional tools to evaluate
trends and how factors change over time given their strengths and weaknesses;
and the ability to avoid biases or errors with individual methods by learning
how to combine more than one technique.

This chapter explored one management science tool: AHP to facilitate the
evaluation of the diverse factors identified in a PESTE analysis. In this situ-
ation, the mathematical-based tool can help to clarify arguments and values
while democratize the evaluation of external factors rather than using only
subjective judgements on the factors. In this chapter, the management sci-
ence styles are clearly participative and interactive as indicated in Figure 3.3.
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Rational

style
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analyze recommend

Client-advisory
style

Argumentative <:]
style

Clarffy arguments Provide strategic

andalues advice
Participative Process
style style
Democratize Mediate

Interactive
style

Figure 3.3 Management science styles. Source: Walker (2009). Reproduced with permission
of Elsevier.

3.4.1 Revision Questions

1) What are the main differences between PESTE factors affecting a capital
intensive industry, such as energy generation, and a service industry, e.g.
fast food?

2) What are the key organizational processes related to evaluate the external
environment?

3) What are the weaknesses of PESTE analysis? You may want to use Burt et al.
(2006).

4) What can be an appropriate management science tool to support PESTE
analysis in the clothing industry? Why?

5) Visit the websites of www.imf.org, www.worldbank.org and www.oecd.org .
What are their main forecasts? How are they prepared? Prepare a critique of
their methods.

6) Find out information about the Big Mac Index published by The Economist.
Explain how it can be employed for a PESTE analysis.

3.4.2 Case Study: Westmill Co-op and the Rise of Renewable Energy

The energy industry is changing very rapidly with the rise in renewable energy
such as wind and solar. This case study discusses one company specializing in
wind energy with very special characteristics.
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Westmill Co-op was established in 2004 to build and operate a community-
owned wind farm in Oxfordshire, UK. Westmill Co-op is the first wind farm
co-operative which gave local people the priority to invest in the production of
renewable energy. The opportunity was launched at the end of 2005 and
remained available until February 2006. Westmill Windfarm Co-op has 2374
members.

The Co-op financed the purchase and construction of five wind turbines
using £4.6 million obtained from the shares sold, supplemented by a bank loan
and a capital grant from the South East England Development Agency (SEEDA).
The wind farm also involved 25-year operation of the five wind turbines. The
turbines are connected to an electricity sub-station on the site, from where the
electricity generated is metered and sold. The wind farm started commercial
generation in February 2008.

One interesting aspect of the Co-op is the operation and design of the wind
farm was managed by a specialized consulting firm and the Co-op is estab-
lished in an existing farm owned by an organic farmer with an interest in com-
munity and environmental issues.

In 2012 a second co-operative was launched. The Westmill Solar Cooperative
raised £16 million to develop the largest community-owned solar project.

Recent developments The Daily Mail (2015), a British newspaper, reported
negatively about wind energy saying that wind turbines take energy from the
National Grid (the UK national electric system) when they are not generating
any electricity. Wind turbines use electricity to keep spinning in cold weather
to stop icing so turbines only operate when the wind is between 10 mph and 50
mph. While wind energy can produce enough electricity to power 8.8 million
homes, low wind speeds reduce the output from wind turbines.
Here are two questions:

1) Identify key PESTE factors that will determine the future of the renewable
energy in the UK. Categorize them into threats and opportunities.

2) Find a method to develop scenarios, e.g. O’'Brien and Dyson (2007), and
develop a set of scenarios for wind energy generation in the UK.
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Industry Dynamics

Objectives

1) To define the structure of the industry
2) To learn the impact of the Five Forces on the dynamic behavior of the industry
3) To identify analytic tools to manage the behavior of the actors in the industry

Learning outcomes and managerial capabilities developed

1) To apply the Five Forces to analyze the industry
2) To manage the dynamic behavior of industry actors

As the environment is important to an organization’s existence, strategic issues
identified within this context will enable an organization to gain advantage
over its competitors. It is suggested that through the analysis of the five com-
petitive forces: bargaining power of suppliers; bargaining power of buyers;
threat of new entrants; degree of rivalry; and threat of substitutes, a strategist
can evaluate the current industry structure, profitability and attractiveness.
Within this framework the organization is viewed as a bundle of strategic
activities aiming to adapt to industry environment by seeking an attractive
position in the market arena.

This chapter is based on Porter’s Five Forces framework but focuses on
employing a dynamic perspective to consider all potential strategic interac-
tions within each force. The dynamic analysis brings into consideration strate-
gicactions such as competitive action/response sequences. Strategic interaction
analysis is supported by a set of management science tools like revenue man-
agement and system dynamics simulation. Dynamic managerial capabilities
are necessary to anticipate and influence other actors in the industry (competi-
tors, buyers, suppliers, new entrants, and substitutes) in order to generate
opportunities and reduce threats.

Strategic Analytics: Integrating Management Science and Strategy, First Edition. Martin Kunc.
© 2019 John Wiley & Sons Ltd. Published 2019 by John Wiley & Sons Ltd.
Companion website: www.wiley.com/go/kunc/strategic-analytics
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4.1 Defining the Industry

Before analyzing the industry, it is necessary to define the structure of the
industry. While there are different authors offering suggestions on how to
define it, the common ground is reflected in the following questions:

1) What are the boundaries? The boundaries define the set of companies
offering products/services that customers perceive to be substitutable for
one another. The definition of the boundary is important because it focuses
attention on the arena where the company is competing: substitutes, com-
petitors, customers, goals, and key success factors. The main issue affecting
the definition of industry boundaries is the evolution of the industry since it
affects the main components of the industry.

2) What is the structure? Structure is defined by a set of attributes that pro-
vide a distinctive character and generate the requirements for success: con-
centration, economies of scale, product differentiation and barriers to entry.
Concentration indicates the level of domination of the industry by only a
few companies which affects the level of competition and barriers to entry.
Economies of scale refers to the costs savings obtained due to volume of
production which determines the intensity of competition. Higher econo-
mies of scale imply lower costs and lower prices which also deter entry to
the industry. Product differentiation denotes the extent to which customers
perceive products or services similar to or different from in reality or in
perception. Differentiation affects the level of competition for customers
among companies. Barriers to entry define the level of obstacles, e.g. capital
requirements, brand image, etc., that a company must overcome to start
competing in an industry. Barriers to entry reduce the numbers of potential
companies in the industry reducing competition.

3) Which companies are competitors? Competitors are those companies
that share a similar definition of the benefits customers derive from the
products and services offered by a company. Another dimension affecting
competitors is their level of commitment in the industry as it sheds light on
the long-term intentions and goals. Some issues affecting the identification
of competitors are: focusing on current and known competitors; only con-
sidering large and not small competitors, not evaluating international com-
petitors; similar behavior over time; and misreading signals and focusing on
only a few and tangible signals.

4.2 Porter’s Five Forces and Industry Dynamics

The first fundamental determinant of a company’s profitability is industry
structure (Porter, 1985). Competitive strategy starts understanding the rules of
competition that determine an industry’s dynamics (Porter, 1985). Five forces
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determine the structure, and the attractiveness, of an industry: bargaining
power of suppliers; bargaining power of buyers; threat of new entrants; degree
of rivalry; and threat of substitutes embody the rules of competition. The
collective strength of these five competitive forces determines the ability of
companies in an industry to earn, on average, rates of return on investment
exceeding the cost of capital (Porter, 1985). By understanding the strength of
each of these forces, an organization can develop strategic initiatives which
would maximize gain or minimize losses. The five forces determine industry
profits because they influence the prices, costs and required investment in an
industry (Porter, 1985).

The industry in which the organization operates determines the strategic
issues from a structural perspective of strategy. Strategic issues are defined
as developments, events and trends that have the potential to impact on an
organization’s strategy which can present problems or opportunities to deci-
sion makers (Duncan and Dutton, 1987). Strategic issues identified can then
pose either an opportunity or a threat for organizations within the industry.
For example, a company operating within an industry that is experiencing an
increase in substitute products can develop strategic initiatives such as modi-
fying their products to reduce profit losses. Beyond opportunity and threats,
strategic issues are also signs for decision makers to drive the collection and
interpretation of information from the industry.

The strategic issues are derived from the relative strength of the determi-
nants of the five forces: higher strength implies a higher level of importance of
the issue. A key consideration in the strategic formulation process is how to
prioritize and segment strategic issues. Environmental analyses usually classify
issues as threats and opportunities dependent on the strength of the determi-
nant within each force. Thus, these issues as opportunities or threats in turn
influence the strategic formulation process.

4.2.1 Bargaining Power of Suppliers

One of the elements of industry structure is the bargaining power of suppliers.
Suppliers capture most of the value generated by charging high prices for their
products, limiting quality or services, or shifting costs to industry participants
(Porter, 2008). Companies and their suppliers are tied to one another through
economic relationships, and these relationships are characterized by uncer-
tainty, due both to demand variability and relative power positions (Harrigan,
1985). Sometimes the relationships between suppliers and companies are reg-
ulated by governments (Sanderson, 2001).

Table 4.1 shows the dimensions that define the bargaining power of suppliers
and help to define suppliers as weak, which offer either opportunities or not
depending on their strategic importance, or strong, which generate threats if
they are strategically relevant. When suppliers are concentrated in only a few
companies compared with the companies in the industry, they have higher
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Table 4.1 Dimensions to evaluate suppliers.

Weak suppliers Dimension Strong suppliers
Low Supplier concentration High

High Importance of volume to supplier Low

Weak Differentiation of inputs Strong

Low Impact of inputs on cost or differentiation High

Low Switching costs High

High Presence of substitute inputs Low

Unlikely Threat of forward integration Credible

bargaining power to influence price and other aspects of the economic rela-
tionships. If suppliers do not depend on the industry in term of sales, suppliers
have more negotiation power than suppliers which have strong relationships
with the industry. If the products/services from the suppliers have an impor-
tant impact on companies’ strategies and are difficult to switch, suppliers have
high bargaining power. Suppliers are also strong when there are no substitutes
to their products or when they have the capacity to acquire companies in the
industry by forward integration.

4.2.2 Bargaining Power of Buyers

Customers capture most value when they are able to define prices, demand
better quality or more services (so driving up costs) and generally make indus-
try participants compete against each other (Porter, 2008). Buyers have also
power if they have negotiating influence in comparison with industry partici-
pants, particularly when they are price sensitive and can use their influence
primarily to reduce prices.

Table 4.2 reports the dimensions to classify buyers/customers according to
their bargaining strength and price sensitivity. Buyers have low bargaining
power when the products/services represent a significant fraction of their
costs (although they may be more interested in negotiating prices), there are
no substitutes available or they have high switching costs. Buyers have higher
bargaining power when they are more concentrated, i.e. they are larger compa-
nies, than their suppliers, and there is no threat of backward integration.
Buyers can be highly sensitive to price if the product/service does not have a
strong brand identity, is undifferentiated, the price is not significant with
respect to the total purchases, and the products/services have low impact on
quality/performance. Finally, buyers will be more sensitive to price when their
profits are low.
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Table 4.2 Dimensions to evaluate buyers.

Weak buyers Dimension Strong buyers
Low Bargaining leverage High

Low Buyer volume High
Sparse Buyer information Abundant
Low Buyer concentration vs. industry High

Low Substitutes available High
Unlikely Threat of backward integration Credible
High Switching costs Low

Low Price sensitivity High
Strong Brand identity Weak
High Product differentiation Low

Low Price/total purchases High
High Impact on quality/performance Low

High Buyer profits Low

4.2.3 Substitutes

A substitute product/service performs the same or similar function as the
industry’s product/service, defining the limit for industry prices and profits
(Porter, 2008). The degree of the threat of substitutes within any industry
determines the strategic issues that companies within the industry face.

Table 4.3 shows the dimensions employed to define the level of threat. For
example, buyer inclination to look for substitutes can result in companies
within the industry facing customer retention issues which force product
differentiation, improvements in performance and quality, etc. Some factors
that limit this threat are the existence of switching costs for the buyers and a
lack of inclination to substitute products. Sometimes substitutes take time
to develop until their price performance trade-off is high enough to move

Table 4.3 Dimensions to substitutes.

Limited threats Dimension Substantial threats
High Switching costs Low
Low Buyer inclination to substitute High
Low Price performance trade-off of substitute High
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buyers to acquire them. Table 4.3 shows the determinants of the threats from
substitutes.

4.2.4 Threat of New Entrants

New entrants to an industry bring new capacity and a desire to gain market
share that puts pressure on prices, costs and the rate of investment necessary
to compete (Porter, 2008). The threat of entry in an industry depends on
the difficulty of entry barriers that are present and on the reaction from
incumbents to the entrant (Porter, 2008). It is the threat of entry, not whether
entry actually occurs, that affects profitability because of the need to keep
prices low and high investments (Porter, 2008).

Table 4.4 displays the key determinants of the strengths of the barriers to
entry and define the existence of a threat for existing companies. Exclusive
product differentiation implies the existence of value creation factors (e.g.
advertising, brand, customer service, product characteristics) that sustain cus-
tomer loyalty. When access to distribution, which determines the access to
customers, is covered by existing companies, it generates important issues for
entrants in terms of costs and actions to reach customers. Government policy
can limit or restrict the entry of new companies through regulations and access
to inputs. Economies of scale (which refers to the decreasing function of costs
as a result of increasing volume of production/activity) forces new entrants to
make large investments in order to reach similar costs to existing companies or
accepting cost disadvantages. Capital requirements reflect the requirements of
financial resources that need to be invested in overcoming the barriers to
entry. Three aspects are significant for this dimension: amount; risk; and
recoverability. Switching costs are the monetary, knowledge or time costs
facing customers if they want to change from one supplier to another supplier.

Table 4.4 Dimensions to evaluate the threat of entrants.

Weak threat Dimension Strong threat
Sustainable Proprietary product differences Low or easily copies
Difficult Access to distribution Easy

Protection Government policy Deregulation
Substantial Economies of scale Limited

High Capital requirements Low

High Switching costs Low

High Absolute cost advantages Low

High Expected retaliation Low
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Absolute cost advantages are other costs not related to economies of scale
and they may be proprietary product technology, access to inputs at low costs,
locations, subsidies, learning curve, etc. Expected retaliation describes the
reactions of the existing companies to the threat of an entrant (e.g. price reduc-
tions) which are fostered by their level of resources (e.g. financial, commitment
to the industry, asset specificity, and the situation of the industry, low growth).

4.2.5 Intensity of Rivalry

Rivalry among existing competitors can take many forms: price discounting;
new product innovations; and advertising campaigns (Porter, 2008). Rivalry
drives down industry profits depending on the intensity of the competition
and the type of competition employed (Porter, 2008). For example, highly spe-
cialized assets result in companies being unable to leave the market so they
are likely to compete more intensively (Porter, 2008). As competition intensi-
fies, company performance will no longer be determined by its own actions
but it may become uncertain since the company’s behavior is heavily influ-
enced by the actions and contingences undertaken by competitors (Menguc
and Auh, 2005).

Table 4.5 shows the key dimensions defining rivalry. Exit barriers are factors
that preclude companies leaving the industry if their profitability is negative.
Some factors are specialized assets, fixed costs, strategic interrelationships,
emotional barriers and regulatory restrictions. Industry concentration refers
to the number and size distribution of companies competing within a market
(Grant, 2013). When the industry is dominated by a few companies, oligopoly,
price competition may not be intense due to either collusion or imitation, so
the competition occurs in other dimensions such as advertising or product
development. When the industry has many balanced competitors in terms of
resources, then instability is expected as they try to overcome each other.

Table 4.5 Dimensions to evaluate competitive intensity.

Low rivalry Dimension Intense rivalry

Low Exit barriers High (difficult to exit)
Low Industry concentration High

Low Fixed costs High

High Industry growth Low

High Differentiation Low

Infrequent Intermittent overcapacity Frequent

Low Diversity of rivals High
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Finally, an industry dominated by one company will be fairly stable given the
ability of the leader to discipline other companies. High fixed costs relative to
the value added generate strong incentives for companies to fill capacity
through price cutting. Industries with low growth rate imply companies which
need to steal market share from competitors when they try to expand, generat-
ing competitive reaction. If the growth is high, then companies can keep their
market share and growth together with the industry. Industry with similar
products or services, low differentiation, tend to compete based on price and
become volatile compared with industry with differentiated products or high
switching costs. Industries which need to expand capacity on large increments
may suffer from overcapacity leading to price cutting in order to generate
demand to fill the new capacity. Diverse rivals in terms of strategies, goals or
intentions with respect to the industry can accidentally generate periods of
strong competition as they cannot understand each other and misunderstand
the industry recipes.

4.2.6 Strategic Issues Derived from Five Forces Analysis

Dimensions within each force are usually classified as either opportunities
or threats to the organization during the strategic formulation process.
How issues are interpreted depends on their perceived characteristics, and
the presence of particular issue characteristics affects whether managers
interpret issues as threats or opportunities (Jackson and Dutton, 1988). The
“opportunity” category relates to a situation where there is, or will be, a posi-
tive impact on the situation of the company and is under control of the com-
pany. In contrast, a “threat” is defined as a negative situation that is, or will
be, generating a loss and the company has relatively little control (Dutton and
Jackson, 1987).

In order to address a strategic issue, it has to be clearly described since
issue interpretation affects the actions to be taken. Jackson and Dutton (1989)
suggest that interpretation will be certain when available information is dis-
tinctive of a threat or opportunity rather than neutral. Subsequent research
also highlights the importance of labels on the strategic actions undertaken
to address strategic issues (Chatoopadhyay et al., 2001). Walton et al. (1989)
suggest focusing on a few dimensions when deciding how to categorize stra-
tegic issues to take into account the similarities between strategic issues.
Strategic issue categorization is important because it influences the alloca-
tion of attention and resources used to address them. For example, organiza-
tions facing a loss of profitability are more likely to be risk-seeking (Kahneman
and Tversky, 1979). Thus, after the industry environment has been assessed,
interpreted and categorized, the company prepares a strategic response that
will depend on how environmental conditions have been labeled (Mukherji
and Hurtado, 2001).
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Food for thought 4.1  One of the most interesting industries to apply the Five Forces
framework is the airline industry for a number of reasons: transparent and diverse
business models, high availability of information, and personal experience. Here is a
brief explanation of industry performance after the economic crisis based on IATA
Economics (2015b):

Airline shares (Figure 4.1) have remained subdued between 2008 and 2015 due
to the low profitability of the airline industry. However, there are some special
cases where performance has been excellent, e.g. the European low-cost carriers
such as Ryanair or easyJet, because low price tickets were more suitable for travel-
ers during the recent economic crisis. Recently, the decline in oil prices has
impacted positively on profits which was reflected in the market valuation of most
airlines, especially the US airlines.

Airline Share Prices
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—— World Airlines European Airlines
Asia Pacific Airlines US Airlines
(@)
In US $ Million
Q2 2014 Q2 2015

# Airlines* Regions Operating Net post- Operating Net post-

profit  tax profit profit tax profit
9 North America 5210 3083 6737 5236
7 Asia-Pacific 131 82 462 432
7 Europe 1734 893 1881 1213
2 Latin America 8 -13 42 29
0 Others 0 0 0 0
25 Sample total 7083 4045 9122 6910

(b)

Figure 4.1 Financial performance of the airline industry. (a) Airline share prices by region.
(b) Airline operating profits by region. Source: IATA Economics, 2015b. Reproduced with
permission from IATA Economics.
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Ticket price (without fuel surcharges and ancillary revenues) at industry level
had not shown similar performance to the stock market (Figure 4.2a). Some rea-
sons for this performance were the decline in fuel costs, exchange rate and stronger
growth in capacity relative to demand (Figure 4.2b). Another factor for keeping
ticket prices restrained was the impact of low-cost airlines which had increased the
geographic breadth of their service and enjoy low operating costs. A final impor-
tant factor (which has developed over the past decade and makes airline prices
more transparent) was internet-based search and booking solutions such as

Average Return Fare Worldwide & US Airlines Yields
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Figure 4.2 Price and capacity performance of the airline industry. (a) Average return fare
worldwide and USA airline yields. (b) Airline fleet development. Source: IATA Economics,
2015b. Reproduced with permission from IATA Economics.
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Opodo, Expedia and Travelocity, which account for a large percentage of airline
tickets.

Finally, a key metric in the airline industry is the load factor, which measures
the percentage of the airplane capacity occupied by either passengers or cargo,
presented in Figure 4.3. Given the high fixed costs, load factors were important
in evaluating the profitability of the industry and specific airlines. Interestingly,
airlines did not have stable demand, as shown by the graph in Figure 4.3b. Peak
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Figure 4.3 Load factors for passenger and freight: the two main revenue streams in the
airline industry. (a) Load factors for passengers and freight markets. (b) Total passenger
market with seasonality. Source: IATA Economics, 2015b. Reproduced with permission from
IATA Economics.
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season corresponds to the summer months in the Northern Hemisphere and the
differences in capacity utilization between peak and off-peak seasons can be 30%
or more. However, the trend shows strong growth since 2009.

Table 4.6 provides a suggested description of the determinants of the Five Forces
for the airline industry.

After a review of the diverse material offered by the internet (tips: a search using
Google will give more than 800 000 results; a key source for information about the

Table 4.6 Five forces analysis of the airline industry.

Five Forces Conditions

Buyer power High buyer independence without threat of backward integration
(mainly consumers)

High price sensitivity due to high price/total purchase (traveling)
Highly discretionary product (traveling is a discretionary activity)
Low switching costs but fairly differentiated product (similar
product — travel — but differences among providers)

Supplier power Depending on the input for airline operations, airlines can have high
independence (e.g. fuel), large fairly differentiated suppliers with high
switching costs (e.g. aircraft engines), high importance on quality/
cost (e.g. food), no substitutes and concentrate (Airbus and Boeing)

Other suppliers, e.g. airports, also have high switching costs and high
importance on quality/cost and no substitutes (central airports)

Low dispensability and threat of forward integration

Substitutes Low switching cost
Low price performance trade-offs (compared with car or train over
long distances)

New entrants Strong market growth

Economies of scale that are important but achievable and high fixed
costs

Suppliers accessible
Low proprietary product differences and low switching cost
Strong brands but accessible distribution
Incumbents that can retaliate strongly
Highly regulated operations but open entry
Rivalry Highly diverse industry with differentiated products (similar

product — travel — but differences among providers) and competitors
of diverse size

Low switching costs

High fixed costs with intermittent overcapacity
Potential zero sum game in certain markets
Exit barriers relatively high
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airlineindustry is www.iata.org, which is the International Air Transport Association),
you will be able to answer the following questions:

e Do you agree with Table 4.6? Explain the reasons in favor and against for each
force.

o Will the analysis change if we segment the industry across the main type of
business models (also known as strategic groups which are the group of compa-
nies employing similar strategy to compete in similar segments (Porter, 2008)):
low-cost airlines (e.g. Ryanair, Southwest, Air Asia, Gol), flag airlines (e.g. Qantas,
British Airways, Lufthansa, Aerolineas Argentinas), or full-service airlines (e.g.
United Airlines, TAM, Air Europe)? Try to develop a Five Forces analysis for at least
two of the strategic groups. What are the differences and similarities?

4.3 Integrating Management Science into Strategic
Management

A key problem with Five Forces is that Porter gives no indication of how to
operationalize an analysis based on the Five Forces or how to determine what
counteractions can be taken (O’Shaunessy, 1984). The introduction of man-
agement science tools can help to mitigate this problem. Management science
tools provide the opportunity for companies to gain a competitive advantage
or neutralize a threat. The evaluation of these tools can identify which ones are
more useful in relation to the industry in question. One of the important issues
with using management science tools is all elements related to a problem have
to be quantified but all variables do not lend to quantification and models may
not take into account qualitative factors or emotional factors which can be
important. Continuing with the analysis of the airline industry, IATA analysis
suggested industry’s bargaining power is low with respect to customers (IATA,
2015a) due to the following aspect: Customers have high bargaining power
because air travel is a standardized product, which is part of discretionary
spending, with low switching costs and they have increasing price transpar-
ency. Simultaneously, airlines sell a perishable product with limited product
differentiation and high fixed costs.

The next subsection provides a management science tool to address some
of the concerns raised with buyers. This tool has been successfully imple-
mented in other industries with similar strategic issues: find out those indus-
tries and check if its use is justified.

4.3.1 Revenue Management

Airlines are able to collect a great quantity of information about buyers’ behav-
ior. For instance, bookings and cancellations are used to forecast demand, as
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Forecasting

Historical data Optimization

Buyers booking
behavior

Figure 4.4 Simple description of RMS.

well as to determine, based on this forecasted demand, scheduled inventory
(fleet allocation) and prices, which determine the value of each unit in the
inventory (seats available in the fleet/network) at a certain point in time,
optimizing their revenues (Oancea, 2014). This system is called the Revenue
Management System (RMS) (Talluri and Van Ryzin, 2006). One important
aspect is related to its influence in the market since the prices and capacity
offered may affect positively, buyers behave in the way it is expected, or nega-
tively, buyers dislike prices and offerings. Figure 4.4 shows a simple description
of the system. Basically, the system is a combination of databases with histori-
cal sales and buyers’ behavior (e.g. percentage of no-shows by flight) that are
used to forecast future demand. Then using the forecasted demand, linear
programming (see Chapter 11) combines the demand with the availability of
airplanes (e.g. location and size of the fleet) to generate a profile of revenues
and profits. The profile is optimized through repeating the linear program-
ming model multiple times until the best profile is obtained and key decisions
regarding pricing are made. The system is continuously learning from the
results of the pricing strategy as the resulting buyers’ behavior is captured in
the databases.

RMS has evolved making the models more accurate. For example, the third
generation of RMS generated an increase of 4—6% in revenues (Belobaba,
2011). The entry of low-cost airlines implies a structural change in pricing as
they promoted a simplified fare structure which implied the elimination of
previous methods such as restrictions on low fares related to round-trip pur-
chases and minimum stay requirements, which were employed to segment
leisure from business passengers (Belobaba, 2011).

The use of RMS helps airlines to implement strategies that can dynamically
change the availability of inventory in real time depending on buyers’ requests
coming toward the airline’s reservation system (Oancea, 2014). The main
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objective of RMS is to support the airline in order to: “offer the right price at
the right time to the right customer” (Oancea, 2014). Since its first imple-
mentation, RMS has contributed to reducing the disadvantage that airlines
have with respect to buyers’ bargaining powers. The use of RMS has some

issues:

e Changes to the inventory, such as adding/removing destinations/frequencies/

airplane size, can affect the performance of RMS in terms of standard met-
rics employed by airlines. For example, adding one long-haul destination
may increase the Average Ticket Value (AVT), potentially Load Factor but it
may reduce the Revenue per Available Seat-Kilometers (RASK) (Oancea,
2014). Consequently, using simulation can minimize the risks of doubtful
operational decisions with potential impact on the performance of the com-
pany at a strategic level (Oancea, 2014).

Technical limitations, poor design or lack of qualified staff to optimize
the parameters employed by the RMS can easily affect the quality of the deci-
sions generated if the buyers’ behavior changes (Oancea, 2014). Most popu-
lar models supporting RMS use recent transactions to estimate demand and
generate subsequent decisions about pricing in terms of optimal use of the
capacity. However, RMS cannot evaluate the true willingness to pay from
buyers (real price sensitivity) or eliminate the randomness of buyers’
behavior.

Table 4.7 shows a process used to manage a RMS (Parker, 2003) with the

intention to serve not only as an operational tool but also as a strategic feed-

back system.

Table 4.7 Process to manage RMS.

RMS area Procedure Strategic implication
Seat e Compile historical data about This exercise detects changes in
allocation buyers’ behavior (seat demand, buyers’ behavior which need to be

class distribution and market fares)

Compare with planned capacity
utilization (flights scheduled, seats
available and expected)

Classify the differences in terms of
importance (market, regions, and
specific flights schedules) in key
metrics: load factor, composition of
the revenue profile (type of
passengers)

investigated given their level of
importance as they may have
strategic impact: new entrants,
rivals’ competitive actions,
changes in price sensitivity, or
simply erroneous assumptions
about pricing or capacity
allocation

(Continued)
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Table 4.7 (Continued)

RMS area Procedure Strategic implication

System e New offerings need to be included  This activity can inform the

calibration in the system and calibrated into expected conditions of the new
the system by using historical data  market and serve as a platform to
from another route with similar learn about the market once the

competitive environment (buyers’  offering is launched
and rivals’ behavior) to be able to
optimize revenues
o Verify that the historical data fits
with the future patterns of activity
in the new offering (departure
times, completely new route,
special events, seasonality patterns)

Commercial e The system will provide the optimal While the system can only

exception configuration of the seat inventory  provide the best solution to a
policies to maximize the revenues after defined competitive market,
using the expected information managers may want to explore
e Management may decide to policies to achieve goals that
override some of the results in exceed optimizing the current set

order to adjust to specific policies of resources.
to achieve strategic goals

Performance e Recurrent reviews to compare This activity allows the company
monitoring advance with historical data or to react to erroneous expectations
post-flight are performed or changes in the market

Food for thought 4.2 The Qantas Group employs more than 30 000 people and
offers services across a network of more than 180 destinations in more than
40 countries in Australia, Asia, the Americas, Europe, Middle East and Africa (Qantas,
2010). The Qantas Group has two airline brands: Qantas; and Jetstar, which is a low-
cost airline (Qantas, 2010). In the domestic market (Australia), Qantas, QantasLink
and Jetstar operate more than 5000 flights a week serving 59 cities and regional
destinations. Jetstar operates 160 domestic flights a week in New Zealand (Qantas,
2010). Internationally, Qantas and Jetstar operate more than 900 flights each week
(Qantas, 2010).

The Qantas Group operates a fleet (approximate number of airplanes in brackets)
comprising: Boeing 787s (10), Boeing 747s (11), Boeing 737s (79) and Boeing 717s
(79); Airbus A380s (12), Airbus A330s (27) and A320s (108); Bombardier Dash 8s (46);
and Fokker F100 (13) (Qantas, 2010).

The Qantas Group suggests the following strategies for managing its revenue
(Qantas, 2010):
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Yield management. Yield managers employ widely accepted statistical tools
to forecast seat demand, taking into account historical data and seasonal vari-
ables. For example, there is heavy demand on domestic routes during weekday
peak periods and to leisure destinations during holiday periods, but there is
low demand at other times. Therefore, each flight has its own individual fore-
cast.Yield managers look at external and internal factors as diverse as economic
indicators which affect longer term demand, seasonal schedule changes and
changes in aircraft capacity to achieve an optimal mix of fares.

Overbooking. A component of yield management is the overbooking of flights.
Overbook occurs because there is a percentage of passengers and travel agents
that make reservations without ever trying to use them and others make multi-
ple bookings. Overbooking profiles are monitored and managed so flights are
not closed for bookings ahead of departure. Therefore, fewer seats are wasted
and more customers have the opportunity to travel.

Pricing initiatives. A range of fares is offered to meet overall revenue targets
since not everyone is prepared to pay the same price at the same time. Some
customers are driven by price and choose to purchase discounted fares, such as
sale or promotional airfares. Other customers want to book early or travel on a
particular day or time in order to secure a seat. Customers who are time sensitive
or want greater flexibility are often willing to pay a higher price. The full range of
fare types is available for sale for some time during the booking lifecycle. In its
aim to maximize seat sales, pricing initiatives play a role in identifying areas of
weaker demand and releasing special fares to stimulate demand.

Capacity to meet demand. When it is viable, peak travel periods are matched
with additional capacity to meet customer demand. In periods of lower demand,
a combination of pricing initiatives and/or capacity changes is applied in order
to best match seat demand and supply.

Using the insights of the RMS and the information about Qantas, answer the follow-
ing questions:

Which market (national or international) will you consider most difficult to pre-
dict in terms of demand? Explain your reasons based on the Five Forces operat-
ing in the market and the PESTE factors.

What variables, in addition to current buyers’ behavior, will you consider in order
to forecast the demand for the most difficult market? Think about the impact of
the Five Forces operating in the market.

What planes will you suggest to consider for the international market: large size
(e.g. Airbus 380) or medium size (e.g. Boeing 777)? Explain your reasons based on
the Five Forces operating in the market.

How frequent will you review the performance of the RMS? Why? What signals
indicating changes in the Five Forces will generate your review?
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4.3.2 Evaluating Competitors’ Performance in the Market Using
Text Mining

Companies have a strong presence on social media nowadays using various
services such as Facebook and Twitter to offer products/services and obtain
feedback from customers. Customers and companies generate an important
amount of content on social media that is amenable for analysis. More impor-
tantly, the content can be employed to monitor and analyze the performance of
the company and competitors with respect to satisfying customers (He et al.,
2013). More specifically, the content can be used to understand the strength of
buyers’ power and rivalry intensity.

Activities employing social media are brand management, advertising,
sales, customer support, and product development and trial (Di Gangi et al.,
2010). One of the characteristic aspects of social media data is the lack of
structure: customers’ opinions, professional reviews, competitors’ prices and
promotions, competitors’ product information and distribution channels’
own contents. Consequently, the use of traditional quantitative methods is
not possible with this type of data but there is technology called text mining
that can be used (Romero and Ventura, 2010). Text mining aims to produce
models describing relationships between variables and trends/patterns in the
text. Text mining differs from content analysis because it is data driven rather
than word coding driven (He et al., 2013). Some applications of text mining
are clustering, which can reveal hidden trends or correlations among data,
and text summarization, which extracts information (He et al., 2013).

He et al. (2013) performed a case study in the pizza industry comparing the
three main companies in the USA: Pizza Hut; Domino’s; and Papa John’s. The
pizza industry uses multiple channels to reach its customers: direct mail, TV
advertising and social media, and it is a very popular industry so it generates a
large amount of interest among customers and the visibility of competitors
is high. The process for the text mining analysis of competitors’ activities
involved:

1) Identification of social media targets: Facebook and Twitter, and period of
time.

2) Extraction of posts in social media targets into a file for analysis, e.g. Excel.

3) Data cleaning, e.g. elimination of posts not useful, and formatting, e.g. inte-
grating into one format for use by the mining techniques.

4) Use of text mining software to explore and extract key concepts, generate
categories and gain insights. Then query search on the data to identify pat-
terns, linkages and information based on hypothesis.

5) The social media data can be presented as tweets, comments to posts,
shares and likes. See Figure 4.5 for an example of the information found by
He et al. (2013).
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Figure 4.5 Trend of tweets for the companies during October 2011. Source: He al. (2013:
figure 2, page 467. Reproduced with permission from International Journal of Information
Management.

6) Some of the data can be quantitative such as number of followers, postings,
comments, likes, frequency of posting, posting and response time. The
information collected by He et al. (2013) indicates that Pizza Hut had the
largest number of Facebook fans (almost 5 million), followed by Domino’s
(4.3 million) and Papa John’s (almost 2 million) but Domino’s had the larg-
est number of Twitter followers. This information confirms the trend in
tweets observed in Figure 4.5 where Twitter is the preferred means to com-
municate with buyers for Domino’s. Facebook information also shows that
Domino’s was highly active with two wall posts in Facebook compared with

Pizza Hut with only one wall post.

7) In terms of means of engagement, the analysis found that questions gener-
ated the highest response from social media where Pizza Hut received
almost 100000 likes and more than 15000 comments but Domino’s
obtained more than 200000 likes and 30000 comments during a month.

8) Text mining was employed initially to identify emerging themes so combining
all data from the three companies offered a broad overview of the main dis-
cussions among buyers. Five themes appeared in Twitter: ordering and deliv-
ering (positive and negative); quality (taste and ingredients); purchasing
decision; community building (connecting with customers in other aspects
than pizza); and marketing. Facebook’s analysis is more challenging since
there are not only texts but also videos and photos. The six themes observed
were: posting photos related to events not specific for the business; questions
to obtain input from customers regarding the products; highlighting events
that could be associated with consumption occasions; community building;

signs of appreciation to customers; and promotions/rewards.

97



98

4 Industry Dynamics

The observation of the patterns of behavior among the three companies
suggest different levels of engagement with their customers and potential
buyers. While there should be a correlation between their presence on social
media and their market share, the data does not support it. Domino’s had a
market share of 7% compared with Pizza Hut’s 11%. Potentially, the compari-
son should be made between the growth rate in market share and the level of
activity on social media. Another piece of important information from social
media is the level of service and product quality: positive and negative com-
munications can affect customers’ perceptions about the companies offering
temporal competitive advantages if companies’ responses are fast (Browne
and Kunc, 2010).

Finally, He et al. (2013) propose a set of recommendations for companies.
First, monitor your own and competitors’ social media presence using free
and commercial internet tools such as Google Alerts, Quora, etc. Secondly,
use the information gather to perform competitive benchmarking regarding
key metrics such as followers, posting, comments, tweets, etc. Thirdly, per-
form text mining to understand the conversations on social media and detect
changes in customers and social trends (see Chapter 3 for PESTE analysis).
Fourthly, evaluate the impact of findings on the business’s competitive advan-
tage such as the links between business actions (price, promotions) and social
media responses (consumer sentiments).

4.4 End of Chapter

The industry dynamics is determined by the actions of different companies,
each trying to achieve their own strategic and financial objectives. The Five
Forces framework provides a suitable grouping of actors across their main
behaviors in the industry and their impact on the profitability of the industry
and the company. A key issue is to draw the boundaries of the industry: what
is a valid substitute product? How far in the supply chain should suppliers be
considered? Understanding the behaviors of key actors is necessary in order
to predict and foresee the future dynamics of the industry leading to its evo-
lution over time (see Chapter 5 for a more detailed explanation of industry
evolution). Knowing about the potential changes is fundamental to the design
of robust strategies. While the Five Forces framework is simple, and some-
what imprecise, the task of implementing the strategic recipes is complex.
For example, managing customers implies considering not only customers’
needs and bargaining power but also the role of substitute products as well as
competitors providing similar products. The implementation of actions to
manage the dynamics of the industry is the area of analytics tools such as
Revenue Management to manage customers’ demand or text mining to learn
customers’ and competitors’ actions. Management science can support the
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Figure 4.6 Management science styles. Source: Adapted from Walker (2009). Reproduced
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design of actions to overcome issues raised by a Five Forces analysis. In this
chapter, management science provides rational advice for designing and rec-
ommending strategies to overcome the forces driving the industry behavior,
as Figure 4.6 indicates.

4.4.1 Revision Questions

1) Find other frameworks to evaluate the dynamics of the industry and com-
pare with the Five Forces. For example, read Holmberg and Cummings
(2009) on selecting strategic partners for alliances.

2) What factors will you consider to expand Five Forces analysis? For example,
companies that are neither suppliers nor buyers but complement the com-
panies in the industry can be an addition to the analysis.

3) What other management science tools will you employ to identify, evaluate
or address strategic issues raised by the Five Forces?

4) Develop a 2x2 matrix using two dimensions: duration of the service
(predictable vs. unpredictable) and price variability (fixed vs. variable).
Then allocate industries that you know in each quadrant. In which quadrant
do buyers have high bargaining power? Why? Which industries will use
revenue management intensively?
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4.4.2 Case Study: Strategic Evaluation of Entering in a New
Market as a Low-cost Airline Using System Dynamics Modeling

The following case study is adapted from Kunc and Morecroft (2007).

4.4.2.1 Describing the Key Strategic Aspects of a Business Using

a System Dynamics Model

The concept of stock accumulation appears as the cornerstone of system
dynamics models (Sterman, 2000; Morecroft, 2015). Simultaneously, any bal-
ance sheet item (such as inventory, manufacturing and operational equipment,
buildings and financial resources) and key tangible or intangible resource (e.g.
people, knowledge, reputation) in an organization can be represented as a
stock accumulation. Since it takes time to develop such assets or to reduce
them, it makes it important to understand their dynamics. Balance sheet items
and resources, which we define as asset stock, accumulate their inflows and
outflows in just the same way as the concept of stock in system dynamics mod-
els (Sterman, 2000: Morecroft, 2015). Graphically, an asset stock is represented
as a rectangle and on each side is an inflow/outflow drawn as a valve (or tap)
superimposed on an arrow. The arrow enters the stock and originates from a
source, shown as a cloud. The complete picture is called a “stock and flow”
network. The equations for a stock and flow network contain the arithmetic of
accumulation. Thus, the value of an asset stock at the present time is equal to
its value at a previous point in time added to the difference between the inflow
and the outflow over the time interval between the previous and present times.
Each asset stock has an initial value at the start of the simulation. Since asset
stocks cannot be adjusted instantaneously and change only occurs through
adjustments captured by flow rates, stocks are useful to represent the dynamic
performance of companies within industries.

4.4.2.2 The easylet Case

While the case study reflects the situation described in “easyJet’s $500 million
gamble” (Sull, 1999), this situation is similar to any low-cost airline attempting
to enter a new market. Sull (1999) explained the rapid growth of easyJet, which
started operations in November 1995, and its consideration of the model low-
cost European airline becoming a strong competitor to traditional airlines.
Using Table 4.8, we can describe the Five Forces affecting EasyJet:

Therefore, a system dynamics model can generate scenarios to verify if it will
be difficult or impossible to fill the planes considered for investment. There are
two key issues related to the Five Forces: how to attract enough passengers to
fill 12 planes (initial investment); and how to deal with retaliation by rivals.

There are multiple system dynamics models of low-cost airlines which offer
realistic opportunities to develop the intuition to run an airline. One of the
most popular system dynamics models is People Express (Sterman, 1988).
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Table 4.8 Five Forces analysis for the easyJet case.

Five Forces Conditions

Buyer Since they have low switching costs, passengers may be attracted to easyJet

power easily. However, the service is fairly differentiated: no frills vs. full service so
there is a need to educate potential passengers to use easyJet

Supplier Airlines can have high independence for fuel so it is not relevant for a model

power There are only two suppliers of aircraft(Airbus and Boeing), so the choice is

simple and it depends on the economies achieved by buying a large
quantity of aircraft. Thus, the importance of attracting enough passengers

Substitutes  Given the low price and key performance trade-offs (compared with car or
train over long distances), there is no threat from substitutes

New There is strong market growth with accessible suppliers (aircraft companies
entrants and secondary airports) together with accessible distribution (internet-
based ticket sales)

The key issue is incumbents that can retaliate strongly by reducing prices
Rivalry It is a highly diverse industry with differentiated products (similar
product — travel — but differences among providers — service) and

competitors of diverse size. Simultaneously, there is low switching costs
and a potential zero-sum game in certain markets

Rivalry is key for the model

However, the starting point of this systems dynamics model is a map of the
business to think about the task of attracting and retaining passengers and the
factors that might drive competitor retaliation.

The dynamics of attracting potential passengers The building blocks of system
dynamics models are stock accumulations, causal links and feedback loops.
Causal links show simple cause and effect relationships. Feedback loops represent
closed paths of cause and effect generating the dynamics of the business. Feedback
loops can be either reinforcing or balancing. Reinforcing loops are responsible for
growth dynamics and balancing loops are responsible for goal-seeking dynamics.
Figure 4.7 presents the dynamics of potential passengers using one stock
accumulation (potential passengers), one reinforcing feedback loop (increase of
potential passengers), one balancing feedback loop (loss of potential passengers)
and several causal links related to the process of attracting new passengers.

Potential passengers are shown as an asset stock representing the cumulative
number of passengers who have formed a favorable impression of the start-up
airline. This is a convenient simplifying assumption that enables the model to
focus on growth of interest in low-cost flights without the need to model the
detailed operations of the company (e.g. airplanes, people, airports, etc.).

The driver of growth of passengers is a reinforcing feedback loop shown
at the center of Figure 4.7 (labeled R, Growth Engine). In this loop potential

101



102

4 Industry Dynamics

Potential - v
. o)
. yAN
IncrePase of Potential | Passengers Loss of Potential
assengers
+ AR @ fassengers
+

+

Conversion ratio

Service
Reputation

Churn -

Function
Conversion ratio

Marketing
. effectiveness

Function Ch
Marketing Spend unction Churn

Relative Fare

Figure 4.7 The dynamics of potential passengers.

passengers attract new converts through positive word-of-mouth. The more
potential passengers, the greater the rate of increase of potential passengers.
This causal link is drawn as a curved arrow with a “+” sign on the arrow head
to indicate a link with positive polarity (more passengers, greater inflow). The
increase of potential passengers then accumulates in the stock of potential
passengers, leading to even more potential passengers and a greater rate of
increase in potential passengers, thereby completing the reinforcing loop.
Since potential passengers have low switching costs, their response to word-
of-mouth depends on relative fare, which subsequently determines the con-
version ratio. As relative fare increases the conversion rate decreases, a causal
link drawn as a curved arrow with a “~” sign on the arrow head to indicate a
link with negative polarity. This part of the model captures the price sensitiv-
ity of the potential passengers, a bargaining power of customers in the Five
Forces.

The increase of potential passengers is also influenced by marketing spend,
another causal link. This link is formulated as the product of marketing spend
and marketing effectiveness. Marketing effectiveness represents the number of
new potential passengers per marketing pound (£) spent. The loss of potential
passengers depends on service reputation. The lower service reputation, the
greater the churn (hence the “~” sign on the arrow head of the causal link). The
greater the churn, the more the loss of passengers. Industry specialists say that
service reputation depends on ease-of-booking, punctuality, safety, on-board
service and quality of meals. For short-haul flights punctuality is often the
dominant factor. The model does not represent all these factors explicitly but
simply represents service reputation as a stock accumulation that can be ini-
tialized anywhere on a scale between very poor and very good. If reputation is
very good then fliers retain a favorable impression of the airline, so the annual
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loss of potential passengers is small. If reputation is poor then the loss of
potential passengers per year is damagingly high, up to 100% per year. Notice
there is no inflow or outflow to reputation even though it is a stock variable.
The reason is that the factors driving change in reputation are outside the
boundary of the model.

Retaliation by existing companies The stock and flow diagram presented in
Figure 4.8 shows the response of existing airlines to the low-cost airlines.

Figure 4.8 shows how the competitors could affect easyJet’s growth ambi-
tions. Remember that word-of-mouth feedback relies on easyJet’s fare (Fare
Set by Start-up in Figure 4.8) being lower than existing competitors for its
contagion. But what if competing airlines try to match the start-up’s low
price? Figure 4.8 shows how such price adjustment might take place. At the
heart of the formulation is a balancing loop (labeled B, Restructuring). Rivals’
fare is shown as a stock that accumulates the change in rivals’ fare, which in
turn depends on three factors: the fare set by the start-up; rivals’ fare; and the
time to change costs, all depicted as causal links. The use of a stock accumu-
lation implies that it takes time and effort for the established airlines to lower
their fares. They cannot reduce fares until they cut costs and large airlines
can take years to achieve cost parity with a low-cost start-up. The process of
achieving cost parity is essentially a goal-seeking process represented by the
balancing loop.

While large airlines will match low seat prices regardless of cost by provid-
ing some seats at a discount (price cuts can be implemented very quickly
through on-line RMSs — see Section 4.3.1), narrow discounts are an ineffec-
tive weapon in the competitive fight with low-cost airlines. Thus, only cost
parity can deliver competitive prices and profitability in the long term for
large airlines catering to a growing population of price-conscious fliers. Such
an enormous change can only be achieved through major restructuring of

Relative Fare

+

Rivals’ | S~ 0
Fare Change in Rivals’
B +_, Fare
Fare Set by \
Start-up Time to

7 Change Costs

Figure 4.8 Balancing loop and other causal links describing rivals’ retaliation through fare
reduction.
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the business. The change in rivals’ fare is controlled by the “restructuring”
balancing loop that gradually reduces the fare to equal the fare set by the start-
up. The pace of restructuring depends on the time to change costs. Normally
one would expect this adjustment time to be several years.

Route saturation The stock and flow diagram presented in Figure 4.9 is a way
to visualize the limits imposed by the strategy in terms of capacity, the
number of planes and the seats available to offer in different routes. The loop
is peripheral to the immediate question of whether or not easyJet can fill
12 planes but is important in the long run to ensure realistic limits to the
growth of potential passengers in the region. The balancing loop reflecting
route saturation eventually restricts the increase of potential passengers.
Basically, planes can make a certain number of flights per day to a certain
distance and transporting a certain number of passengers. Planes serve a
certain number of days per year and the maximum passenger miles that can
be served is also limited by the expected market share attained. On the other
hand, passengers will fly a certain number of flights per year and a number of
miles per flight. The comparison between the capacity, maximum passenger
miles, and the demand, potential passenger miles, determines the level of
saturation in the route.

We can have a 2x2 matrix describing all potential scenarios based on the
strength of the two feedback loops for the new company. Rival’s retaliation
is determined by the variable “Time to change costs” where low retaliation is
4 years and fast retaliation is 2 years. Marketing spending to attract customers
is determined by the variable “Marketing Spend” and low is £1 million and high
is £2.5 million.

Market share for
airline

Service days per L 4@2—I=Q
year T Purchases

Maximum
+ +

Passenger MiIeS/: Passenger Miles

per Plane

Route Saturation Miles per flight

Potential :
. <— Flights per year
Effect of F:oute @ Passenger Miles
Saturation /‘
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Figure 4.9 The dynamics of route saturation.
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Here are a few questions that you can answer using the simulation model:

1) Which strategic option will help easy]Jet to be successful considering that it
needs 1 million passengers?

2) What will happen if easyJet starts with a price similar to large airlines?
Adjust variable “Fare Set by Startup” to 0.25.

3) What other adjustment will you make to the model? Try to implement and
discuss the new insights generated.
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Industry Evolution

Objectives

1) To define industry evolution

2) To identify the drivers responsible for industry evolution

3) To understand the behavior of the companies and its effects on industry
evolution

Learning outcomes and managerial capabilities developed

1) To apply system dynamics to evaluate the evolution of the industry
2) To understand the concept of interdependency between companies and com-
petitive landscape

Industry structure analysis, which is discussed in Chapter 4, helps to define the
competitive forces existing in an industry. However, the competitive forces are
not static since they change as their dimensions become stronger or erode over
time. For example, buyer behavior shifts from price sensitivity to quality focus
depending on the economic cycle. Technology can erode barriers to entry and
create new substitutes. Understanding the drivers of industry evolution and
transforming this insight into predictions is fundamental for achieving a sus-
tainable competitive advantage for a number of reasons. Firstly, the cost of
reacting increases as the need to change increases. Secondly, the first company
defining the industry structure can have important benefits, e.g. first mover
advantages. The basic tool for identifying the industry evolution is the “Product
Life Cycle’, which portrays the phases that products follow in the market
(Porter, 2004). Figure 5.1 shows the basic pattern of the industry life cycle
driven by the aggregated sales of its products. Industries evolve in four stages:
introduction, growth, maturity and decline, which reflect the rate of growth of
industry sales. The introduction stage is mostly determined by the launch of a
new product in the market and the process of changing buyers’ behaviors to

Strategic Analytics: Integrating Management Science and Strategy, First Edition. Martin Kunc.
© 2019 John Wiley & Sons Ltd. Published 2019 by John Wiley & Sons Ltd.
Companion website: www.wiley.com/go/kunc/strategic-analytics
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Industry Sales

Introduction Growth

Maturity i Decline

Time

Figure 5.1 Industry life cycle in four stages.

adopt the new product. Growth occurs when a large number of buyers change
their behavior and adopt the product massively. Maturity corresponds to the
saturation of the market, when all potential buyers have adopted the product,
so growth rate declines. Finally, a new substitute will attract the current buyers
and sales will decline determining the decline of industry sales.

The second dynamic process in the industry life cycle is the evolution of the
population of companies (Keppler, 1996) as shown by Figure 5.2. Gort and
Klepper (1982) provides a concise description of the dynamics of the popula-
tion of companies, which is briefly presented here. Stage I (Introduction)
begins with an introduction of a new product in the market by one company,
and ends when the rate of entry of new competitors into the industry has a
substantial increment. During Stage II (Growth), the number of companies
grows strongly as a large number of new competitors enter the industry but, by
the end of the stage, the net entry rate fails. During Stage III (Maturity), the
number of new companies is almost equal to the number of companies aban-
doning the industry. Thus, the industry’s population arrives at a plateau, but
not a steady state. In Stage IV (Decline), net entry is negative as exits intensify.

Industry Sales

Population of Companies

Decline

Growth Maturity

Time

Figure 5.2 Industry life cycle and the number of companies in an industry.
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The period of negative net entry concludes when the industry reaches a steady
state. The absence of entries or exits can be considered the final state of the
industry if there is not an external shock, such as a product that substitutes the
actual industry’s main product.

Table 5.1 shows the changes in the dimensions of the industry forces as the
industry transits from introduction to decline. Industries can have multiples
variations of the life cycle: a shorter or longer time horizon or they can even
miss one of the stages, and the depth of the changes on the industry forces. For
example, technology-intensive industries resemble industries in a continuous
emerging process. Other industries will not decline because their products
satisfy basic needs for multiple buyers, e.g. food industry. Some industries may
emerge again after a decline due to technology innovations. Consequently, the
life cycle model is a useful analytical tool to foresee the evolution of industries
but it may not be accurate in predicting exactly a determined pattern or the
specific stage where the industry is located.

Table 5.1 Factors driving the evolution of industries through the life cycle model.

Stages
Dimension Introduction Growth Maturity Decline
Buyer behavior High income Buyer Mass market is Buyers form
buyers so low  acceptance and reaching niches where
price sensitivity additional saturation specialist buyers
Buyer inertia ~ buyersbuying  Repeat buying are
so they need to  the product. behavior knowledgeable.
be convinced ~ Buyersaccept p 4o ome
about trying uneven quality .. important
the product
Product Poor quality Products have  Superior quality ~ Little product
development  and basic technical and  with less differentiation
design performance differentiation Differentiation
Product design differentiation ~ (commoditization) ip specific
and but there is Minor and limited dimensions
development is Increasing product changes  creates niches
important standardization
given the rapid Continuous
changes in improvement
design in products
Multiple with good
variations, no quality
standards

(Continued)
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Table 5.1 (Continued)

Stages
Dimension Introduction Growth Maturity Decline
Manufacturing Short Move towards ~ Stable production Considerable
production mass process overcapacity
runs production Lower labor skills ~ Specialty
High with more Large production channels
production process runs to achieve Mass
costs IMProvements 1, 0 costs production
Skill intensive ~ Competition Distribution
in labor for distribution  j - ore
Excessive channels selective
capacity Capacity is Mass channels
insufficient .
Increasing
overcapacity
Technology Rapid product  Product and Incremental Technology is
innovation process innovation widely available
innovation
Competition =~ Few companies Entry of many Shakeout Exits
competitors Consolidation Fewer
Mergers and Price competition competitors
exits Private brands
Profits High prices High prices but Declining prices ~ Low prices and
and margins slightly lower [ ower profits and ~ margins
but low profits than margins Prices may
introduction Stable market decline but at
Ie.ading to . share and prices the end of the
higher profits cycle they may

increase given
the
exclusiveness of
the product

One important aspect to consider is that the industry evolution is not
independent from the investment decisions by existing and new companies in
the industry. Companies drive demand through investments in marketing,
reduce costs by innovating in manufacturing processes, and displace suppliers
by researching for new materials. Simultaneously, businesses need to consider
the implications of their objectives and strategies for the different stages of the
life cycle and evaluating their positioning to keep with the changing condi-
tions. The analysis needs to evaluate projections of market conditions and
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Table 5.2 Measures to track the evolution of the industry.

Industry level concepts

Number of product changes
Technology changes

Development time for new products
Relative payment/compensation

R&D concepts
Percentage of sales from new products

Percentage of R&D investment in new
products from sales

Percentage of R&D investment in process
improvement from sales

Vertical integration concepts

Relative integration upstream (suppliers’
acquisition/ development)

Product competition and marketing
concepts

Level of customization

Product breadth comparative

Product quality comparative

Price and market share

Sales force costs/revenue comparative
Marketing budget/revenue comparative

Production and efficiency concepts
Inventory/sales

Capacity investment/sales

Capacity utilization

Employee productivity

Value generated/sales

Performance concepts
Return over investment
Relative market share

Relative integration downstream (retail
acquisition/ development)

competitors’ strategies. For example, decisions concerning short-term profit-
ability and market share during the growth stage can have a critical impact on
the success of the company as the market matures.

Table 5.2 presents a set of variables to track the changes in the industry over
time as suggested in Anderson and Zeithaml (1984). However, the attention to
the measures can change over time due to exogenous factors (PESTE) such as
during an economic crisis (Kunc and Bhandari, 2011).

5.1 Dynamic Behavioral Model of Industry Evolution

In this perspective, the industry is seen as an information feedback system
whose dynamic behavior is captured by the industry life cycle concept. The
dynamic behavior is controlled by two feedback loops: a reinforcing loop that
controls the growth and decline of companies; and a balancing loop that deter-
mines the evolution of the market. In this model, the market evolution is
endogenous and determined by the actions of managers. The industry struc-
ture is important for understanding behavior; however, how managers perceive
this structure is more important. The following subsections describe the model
in more detail.
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5.1.1 Industries as Feedback Systems

Basically, the industry life cycle is driven by two main dynamic processes: the
development of the market; and the dynamics of the population of companies.
On the one hand, companies provide services or products to satisfy customers’
needs. On the other hand, potential customers have needs that must be satis-
fied. The rate at which potential customers adopt the products feeds back to
companies indicating their success in satisfying these needs. This process is the
main driver of the market development. Some companies grow as an increas-
ing number of potential customers adopt their products and become custom-
ers; but other companies are forced to abandon the industry because their
products do not satisfy customers’ needs.

Market development can be measured by the total cumulative sales of a prod-
uct, which usually follows an S-shaped growth curve (Mahajan et al., 2000).
Markets follow three stages: introduction; growth; and maturity. In the introduc-
tion stage, sales are small because product awareness is low. Since it is difficult to
overcome buyer inertia, the initial customers for the product tend to be innova-
tion-oriented. The growth stage is characterized by accelerating market penetra-
tionas product technology becomes more standardized and accepted. Ownership
spreads by word of mouth. The maturity stage is driven by an increasing market
saturation that reduces the growth rate as few potential customers remain. In
some products, the demand for the new product gives way to replacement
demand (Mahajan et al., 2000). This dynamic process has been extensively stud-
ied under the concept of Diffusion of Innovations; for a comprehensive review of
product diffusion models see Mahajan et al. (2000). From a feedback system
point of view, the market development is represented as a balancing feedback
loop. Potential customers represent people that have requirements to be satis-
fied. These people will become users of the products offered by the companies in
the industry if the products satisfy these requirements. Actual customers repre-
sent the users of these products. As companies gain customers, they reduce the
pool of potential customers: more actual customers mean less potential custom-
ers. The number of actual customers increases if there are potential customers:
more potential customers means more actual customers once they adopt the
product. However, the number of actual customers stops increasing when there
are no more potential customers to attract, which is called market saturation.
Market saturation is the natural limit for the industry unless companies engage
in diversification (selling their products to other customers who may be using
different products, also known as product substitution) or product innovation
(changing characteristics of the product to make it attractive to new potential
customers whose needs have not been satisfied with the initial product).

The second dynamic process in industries is the dynamics in the population of
companies. Companies enter the industry trying to capture the market as it devel-
ops; some of them are successful and capture most of the potential customers
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Figure 5.3 Industry as a feedback system.

while others have to leave being pushed out by the lack of customers. The company
growth process is a reinforcing process that drives successful companies.
Successful companies attract customers that generate revenues, which are invested
in resources (e.g. manufacturing plants, brands, new products) to attract more
customers. Unsuccessful companies go bankrupt because they cannot capture
enough customers to drive the reinforcing process (so growth does not occur).

Figure 5.3 is a summary of the previous discussion using a causal loops dia-
gram. Causal loop diagrams are employed in system dynamics to represent
feedback systems together with stocks and flows (see the case study in
Section 4.4.2). On the left, the causal loop diagram represents markets as feed-
back systems. The development of markets is driven by a balancing feedback
process due to the constraints imposed by the number of potential customers.
The causal link between “actual customers” and “potential customers” is drawn
as a curved arrow with a “~” sign on the arrow head to indicate a link with
negative polarity (more actual customers, less potential customers). As the
number of customers increases, there are less potential customers. The causal
link between “potential customers” and “actual customers” is presented as
another curved arrow with a “+” sign on the arrow head to specify a link with a
positive polarity (more potential customers, more actual customers). On the
right, the causal loop diagram describes the growth of companies as a reinforc-
ing feedback process. More customers lead to higher revenues, a positive
causal link, which are invested in additional resources, another positive causal
link. Additional resources are used to attract more customers, a final positive
causal link. One of the critical variables in the dynamic process described is the
investment rate because it can accelerate or reduce the industry evolution.
The investment rate depends on the managers’ decision-making process.

5.1.2 A Behavioral Model of Organizations

The behavioral approach to organizational behavior defines organizations as
systems of coordinated actions among members whose interests, information
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and knowledge differ (March and Simon, 1958). The concept of organization is
based on a network of decision-making processes that comprehend all its
members. Among the members of an organization, the management team
makes most of the critical decisions to guide the organization. Management
determines objectives, or goals, that the organization must achieve and is
responsible for their achievement. The behavioral theory implies that decision
makers are bounded rationality and there is imperfect environmental match-
ing (Cyert and March, 1992). The main outcome of the behavior of companies
is reflected in their investment rate (Figure 5.3). For example, if decision mak-
ers consider the industry has reached market saturation due to imperfect
information, they will reduce investment in new resources and will focus on
cost efficiency leading to price decline instead of investing in attracting more
potential customers. In this approach, decision processes are viewed as a con-
tinuous stream of decisions rather than a discrete choice selection process.

From a behavioral feedback point of view, the decision-making process con-
sists in setting goals responsible for regulating prices, developing products,
expanding sales force, determining production capacity, and managing finan-
cial resources (Morecroft, 1985; Simon, 2001). For example, the management
modifies goals for the sales force based on information about internal and
external requirements (see Chapters 3 and 4) and expectations such as current
customer growth rate, salesman productivity and expected number of custom-
ers. The difference between the desired goal and the actual size of the sales
force determines the investment rate on the sales force. The key element in the
behavioral feedback view of management is the process of goal setting, which
is affected by uncertainties, limited cognitive capabilities, dynamic complexity
and competitors’ actions.

There are three main uncertainties during the evolution of an industry,
which are ordered as they emerge: competitors’ actions; market size; and evo-
lution of customers’ needs over time. The first uncertainty is closely related to
the management of an organization’s growth and its impact on other organiza-
tions. The second uncertainty affects not only the investment in capacity
expansion of existing organizations but also the attractiveness of the market
for potential entrants. Finally, the initial customers’ needs and their evolution
over time influence the product development and technological innovation as
well as the market attractiveness for potential competitors. The uncertainties
can be tracked over time using some of the measures indicated in Table 5.2.
While uncertainties are important for decision making, Simon (2001) affirms
the formation of expectations has higher destabilizing effects in a system
because expectations can lead to overreactions or to unstable oscillations.
Feedforward in markets can become especially destabilizing when each actor
tries to anticipate the actions of the others and hence their expectations. Table
5.3 presents a summary of each uncertainty.
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Table 5.3 Key uncertainties affecting managerial decision making during industry

evolution.

Uncertainty

Description

Competitors’
actions

Market size

Evolution of
customers’
needs over time

The lack of information about competitors’ actions generates a
potential dilemma with the investment rate. On the one hand, the
company wants to attract most of the potential customers in order to
generate the highest revenue not only during the development of the
market but also from a large customer base when they need to replace
their product. While a competitor may bring a better product and
attracts the customer base, a company with a larger customer base has
more resources than a small company, which may deter potential
competitors. On the other hand, an aggressive growth strategy may
generate bold reactions from other companies, which results in a
hypercompetitive industry as companies escalate their reactions

In new markets, the management team does not know the exact size of
the pool of potential customers, so forecasts are the base for its
decisions. The management team may forecast the market size based
on similar products. However, the exact size of the market is only
revealed over time as the market develops, so forecasting is difficult
because data is scarce at the beginning of the market when it is
especially required. The forecast of the market size becomes the base
for decisions on initial and future investments. Optimistic forecasts
can generate excessive capacity in the industry. Periods of excess
capacity mean low prices resulting in low or negative profits, which
force some companies to abandon the industry. Pessimistic forecasts
imply smaller investments in capacity depressing the future market
development since potential consumers cannot find the product in the
retail channel

Initial customers’ needs and their evolution over time influence
managerial decisions about the technology trajectory that companies
will pursue. Customers’ needs change over time because they learn
from other technologies and products as well as different uses of the
actual product. While the number of customers is a function of the
current product characteristics, changing the product may attract
additional customers as they find that the new product satisfies their
requirements. Consequently, the pool of potential customers as well as
the number of current customers change over time as the product
changes. Investment in product development through R&D is a key
factor to maintain the current customers as well as attract additional
customers
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5.1.3 Dynamic Behavioral Model of Industry Evolution

In order to capture the behavioral influences on the industry evolution and
complete the model of industry evolution, the causal loop diagram presented
in Figure 5.3 has to be expanded to include dynamic behavioral processes.
Figure 5.4 presents the complete dynamic behavioral model of industry evolu-
tion. The variables “customer needs’, “population attracted” and “competitors’
actual customers” reflect the uncertainties described in the previous subsec-
tion: What is the population attracted to the industry? How fast are competi-
tors gaining potential customers? What are the customer needs and how
attractive is the technology for the potential customers? The variable “invest-
ment rate” represents the outcomes — or actions — of the decision-making
process that controls the growth of the operational resources and the invest-
ment on the company’s technology. The flows of information (broken lines in
Figure 5.4) for the decision-making process are: one direct from the evolution
of the number of actual customers; and the other flow comes from the percep-
tion of the level of saturation in the market.

The dynamic behavioral model of industry evolution that determines the
industry dynamic contains the key investment decisions made using two infor-
mation sources: the evolution of the number of actual customers; and the per-
ceived market saturation. These two sources of information are extensively
captured nowadays, generating big data and opportunities for the application
of analytics. In a competitive industry, other companies are also capturing cus-
tomers from the same pool of potential customers (causal loop diagram on the
left in Figure 5.4). Companies can engage in a race in order to capture the larg-
est amount of potential customers, increasing the gain of the reinforcing feed-
back loop through aggressive investment in resources. The number of potential
customers is a function of how attractive (represented by features such as

Competitors” - +
Actual szttzrr‘]::ls @ Actual R Investment in
Customers CUSt?mETS Resources
Market A Company o
Development Growth
Revenues Investment rate
N v
Populati I
opulation Expected . Perceived Market
Attracted+ Customers Saturation
+
Customer needs : N . Investment in
;;;)S,l;:ts <— Product «— R&D
Technology

Figure 5.4 Dynamic behavioral model of industry evolution.
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design, usability, quality, etc.) the product is with respect to population needs,
see causal links connecting product technology to product features at the bot-
tom of Figure 5.4. Hence, companies are able to increase the pool of potential
customers if they change their technology leading to more or different product
features to satisfy more or new needs from the population.

Companies in this model compete in two dimensions: resources and tech-
nology, which are the basis of the Schumpeterian competition. As Schumpeter
(1950: pages 82-83) suggests:

Capitalism, then, is by nature a form or method of economic change and
not only never is but never can be stationary. The fundamental impulse
that sets and keeps the capitalist engine in motion comes from the new
consumers’ goods, the new methods of production or transportation,
the new markets, the new forms of industrial organization that capitalist
enterprise creates. This process of Creative Destruction is the essential
fact about capitalism.

Regarding Schumpeterian competition, Barney (1986: page 795) suggests:

For Schumpeter, these revolutionary innovations in product, market, or
technology can only be imperfectly anticipated by companies. Sometimes
companies in an industry may survive a revolutionary innovation to
become important actors in a succeeding industry. It may even be the
case that investments made by a currently successful company will
themselves generate a Schumpeterian revolution. Other times, a revolu-
tionary innovation will have the effect of displacing all currently com-
peting companies. Moreover, in the competitive setting envisioned by
Schumpeter, when major innovations do appear, their ultimate impact
may not be known for some time, at which point it may be too late for
older companies with older technologies and skills to compete in new
markets requiring new skills. On the other hand, guessing too early that
a given innovation will become dominant may jeopardize a company’s
long term survival by betting on a technology or market that turns out
not to be dominant.

Therefore, the behavior of companies as well as the evolution of industries, are
determined by the behavioral approach employed to perceive the structure of the
industry and its dynamics. Consequently, industry evolution patterns have to be
inferred from the interaction of behavioral types existing in an industry.

5.1.4 Types of Dynamic Behavior and Strategic Implications
on the Evolution of Industries

The dynamic behavior of organizations can be characterized in two types that
reflect management preferences as well as biases with respect to what
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information is used and its influence on the decisions: reactive; and proactive.
“Reactive” behavioral types tend to mainly use information provided by the
market, and “reacting” to the events as the market evolves. In some way, reac-
tive companies tend to focus on descriptive analytics. This behavioral type of
management team seems to be more conservative as the information arrives
with delays, and it only reacts after some time has passed from the events. The
goal setting process is based on past events or backward-looking (Gavetti and
Levinthal, 2000). This behavioral type heavily discounts present and future
information, so its desired state of the organization is only an update of the
actual conditions to past events.

The “proactive” behavioral type “creates” its own information based on
expectations that “forecast” the evolution of the market. This behavioral type
of management tries to proactively manage the evolution of the market through
their decisions. This type of companies use predictive and prescriptive analyt-
ics continuously. The goal is based on forecasts and expectations, a concept
similar to forward-looking (Gavetti and Levinthal, 2000). Management adopts
a “proactive” approach when it aims to manage the balancing feedback loop
related to market development. This approach is close to the concept that
organizations do not respond to defined environmental conditions but instead
create their own environments through a series of choices regarding markets,
and desired scale of operations (Weick, 1979). This behavioral type uses the
actual situation of the organization to verify the discrepancy with respect to its
desired state, so the greater the discrepancy the greater the resulting action
even though the actual state clearly represents the optimal situation given the
existing constraints.

The behavioral types are influenced by managers’ mental models. Mental
models are filters that interpret the information and associate it with an ade-
quate action; for example, these filters may determine the adequacy of dis-
crepancies, response time under different situations or even preferred
information type. Mental models change over time so the behavioral type of a
company may change reflecting learning and adaptation to environmental
feedback or simply changes in the top management team, such as the replace-
ment of a CEO.

In conclusion, “reactive” organizations grow as the market develops, or
metaphorically, they “chase” the market; and “proactive” organizations grow by
controlling the development of the market, or metaphorically, they “make” the
market. If one type of organization or the other has better performance, it will
depend on the interaction effect between all organizations and the market
given the uncertainties that organizations face during the evolution of the
industry (Kunc and Morecroft, 2010). Table 5.4 shows the strategic implica-
tions for the behavioral types.

Industry evolution patterns can be inferred based on the strategy types
that most of the companies follow in the industry (Kunc and Morecroft,
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Table 5.4 Evaluating behavioral types, strategic actions and industry implications.

Industry Industry
measurements Strategic behavior implications
Market Proactive companies do not respond to defined Reactive industries
saturation in ~ market conditions but they create their own reach, and

terms of conditions based on their assumptions, so their overshoot, the
product investment rate may decline when they are saturation level
breadth and  achieving the real potential (forward-looking) sooner than

market share

Distribution
in terms of
production
capacity and
market-
related
resources

Technology
and product
changes

Competition
focus

Reactive companies respond to the signals from
the market, so they react to rapid growth
reinforcing their investments thus pushing growth
even more (backward-looking)

Reactive companies may start small in the first
stages of the industry due to low demand but they
grow fast once market develops leading to complex
organizations (high vertical integration levels)
Proactive companies start with a size that reflects
their assumptions about the market size leading
them to manage their investments to capture
markets and rely on alliances or networks to
remain flexible (low vertical integration levels)

Management has two issues in respect of customer
requirements: initial technological level to attract
the first customers; and the pace of technology
development to keep revenues stable

If the initial technology and products provides a
satisfactory level of revenues, reactive companies
will lock in to the initial technology level
Proactive companies will continuously engage in
the development of new technologies because
these companies reach their perceived saturation
level sooner than reactive companies. So,
proactive companies may be successful in
conditions where consumers evaluate technology
continuously

Reactive companies assign low importance to
competitors’ actions considering market pace as
the key focus

Proactive companies consider the impact of
competitors’ actions on their expectations, so they
focus on continuous change

proactive industries

Proactive (reactive)
industries tend to
have their company
size distribution
skewed to the right
(left) or smaller size
(larger). Reactive
industries have
higher vertical
integration levels

Proactive industries
engage in search for
new technologies
sooner than
reactive industries
and invest more in
R&D

Proactive industries
tend to focus more
on technology
development and
new products
Reactive industries
tend to focus more
on resource
development and
efficiencies
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2007, 2010). Firstly, industries whose companies follow reactive strategies
reach the saturation level sooner than industries with participants that fol-
low a proactive strategy. Secondly, industries where most of the participants
adopt a proactive (reactive) strategy will tend to have company size distri-
bution skewed to the right (left) or a lot of relatively small (large) compa-
nies. Reactive industries will have large companies during the initial stages
of the industry leading to abrupt shakeouts in the maturity stage due to
their overoptimistic and delayed investment decisions. Thirdly, industries
with proactive companies will engage in the search for new technologies
sooner than industries with reactive companies. Finally, companies may
obtain good (bad) performance in industries where most of the companies
follow different (similar). In summary, industries tend to be competitive in
different dimensions with different predominant behavioral type of
companies.

Food for thought 5.1 One of the most dynamic industries in recent years has
been the camera industry. Figure 5.5 shows almost 40 years of sales of cameras
from film based to digital. The information displayed in Figure 5.5 corresponds to
the shipments from the Camera and Imaging Producers Association, which includes
the largest producers of cameras in the world such as Canon, Konica Minolta, Nikon,
Olympus and Panasonic. The association was established in 1954 as the Japan
Camera Industry Association but in 2002 the association transformed into Camera
& Imaging Products Association (CIPA) as the industry changed from conventional
film photography to digital photography. The association aims to discuss specifica-
tion standards and product compatibility not only on cameras and lenses but also
related products, components, software and systems.

09?’(\6
O
/\‘;&9 140000

120000
100000

80000

60000

40000

i
oot
A D N oV oD ok o D O N SV > H A o O W

® Film Camera ™ Digital Camera

Figure 5.5 Worldwide shipments from Japanese camera makers. Source: CIPA, 2015.
Reproduced by permission of John Wiley & Sons.
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While the history of the camera as a product can be traced back to over one
thousand years ago, e.g. the camera obscura, the modern history of the camera,
e.g. obtaining a photograph from a camera image, dates from 200 years ago but
the mass market adoption of the cameras and film-based photography started at
the beginning of the twentieth century with Brownie, an inexpensive box camera
pre-loaded with film, provided by Eastman. The initial evolution of the industry
started when plate cameras had been replaced by cameras using photographic
film pioneered by Eastman and its company, Kodak, was the main driver of this
stage. Then, camera manufacturers started using 35 mm film for photography
which became the standard and dominant design for the first part of the twenti-
eth century. Innovations in 35 mm film made it more accessible and simpler to use
for mass consumers. In the 1930s, Japanese manufacturers began to produce
their first cameras. Innovations in camera equipment also began improving func-
tionality and quality, e.g. single and twin-lens reflex cameras, given the develop-
ment of low-cost electronic components, e.g. automatic exposure. Japanese
manufacturers were rapidly adopting the single reflex cameras and providing
interchangeable components, e.g. lenses, transforming the camera into a system
comprised by multiple accessories. Innovations avoiding some processes, e.g. film
development, were introduced later such as the Polaroid instant-picture camera.
The volume of sales for film-based cameras from 1977 until 2007, when CIPA
stopped recording them, can be observed in Figure 5.5. The industry could have
disappeared by 2007 given the disappearance of film-based cameras without
reinventing themselves successfully into digital cameras producers. This was not
the fate of Kodak as it went bankrupt and it had to demolish many film manufac-
turing plants before restructuring into a specialist imaging company in areas such
as healthcare.

The recent stage in the evolution of the camera industry was determined by the
appearance of the digital camera. Digital cameras differ from film-based cameras
in terms of the means to store the images captured: digital memory cards or inter-
nal storage. As can be observed in Figure 5.5, they have replaced the sales of film-
based cameras in the last 15 years due to a key factor: low operating costs, e.g. no
need to buy and process films and easiness to capture, transfer, manipulate and
store images. Interestingly, the first attempt formally recorded for a digital camera
was in 1975 by an engineer from Eastman Kodak, Steven Sasson (see his interview
in Kodak’s channel, Kodak Moments, on YouTube: https://youtu.be/wfnpVRiiwnM).
The prototype weighed 3.6 kg and the black and white image was recorded in a
cassette tape. More surprising was the reaction from the management once he
showed the prototype: “But it was filmless photography, so management'’s reac-
tion was, ‘that’s cute — but don't tell anyone about it.” (Deutsch, 2008). Kodak, the
leading company in film photography, filed for bankruptcy in January 2012. The
components for digital camera were available to every company in the industry:
sensors, digital memory, etc. so innovation was not restricted but the improve-
ment in quality and functionality depended on the development of other
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technologies. In the late 1980s, the first producers were Sony, Casio, Nikon, Fuji and
Canon and the initial adopters were the news media driven by costs and the ability
to transmit images quickly. Kodak brought to market a digital camera system
in 1991. Most of the initial cameras still use the same bodies of the lens reflex cam-
eras. Changes in digital formats, JPEG and MPEG, helped to capture more images
due to their ability to be compressed for storage. Additional innovations were lig-
uid crystal display on the back of the camera to see the picture taken. The market
segmented in diverse categories: compact digital still cameras, which are small and
do not have removable lens; bridge cameras, which occupy the gap between
simple point-and-shoot and professional single-lens reflex cameras; digital

Table 5.5 Prior industry affiliations of the companies that entered the consumer digital

camera market.

Photography Customer electronics Computing
Achiever Arches Aiptek

Agfa Casio Apple

Argus Creative DXG BTC

Canon Hitachi BenQ

Chinon JvC D-Link

Concord LG Electronics Dolphin

Fuji Photo Film Mitsubishi Epson

Jazz Photo Oregon Scientific Gallant Computer
Kodak Panasonic Gateway

Konica Philips Hawking Technology
Kyocera RCA Hewlett-Packard
Leica Relisys 10 Magic

Minolta Samsung Intel

Minox Sanyo Jeninage

Nikon Sharp KB Gear
Olympus SiPix Logitech

Pentaz Sony Micro Innovation
Polaroid Syntax Brillian Microtex Labs
Praktica Mastec

Premier NEC

Ricoh SoundVision

Ritz Camera Spot Technology
Rollei Toshiba

Sigma UMAX Technologies
Vivitar Visioneer

Source: Benner and Tripas (2012: table 1, page 283). Reproduced with permission of John Wiley

& Sons.
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single-reflex cameras, and mirrorless compact cameras, which are smaller and
lighter than single-reflex cameras but they have interchangeable lens. This set of
cameras can be observed as having taken over the market since the beginning of
2000 in Figure 5.5.

From the evolution of industry framework discussed, the digital camera industry
is characterized by high uncertainty and the entry of companies from three diverse
industries — photography (25 companies), computing (25 companies), and con-
sumer electronics (19 companies) — observed in a sample from the entrants to the
US from 1991 to 2006 (Benner and Tripsas, 2012). See Table 5.5.

The digital camera market is unique since technical capabilities were not a pri-
mary driver of choices for which features to introduce but instead a well-developed
supply chain gave all companies access to the same core features, even if they had
no capabilities (Benner and Tripas, 2012). After studying the digital camera indus-
try, Benner and Tripas (2012: page 279) suggest “firms from the same prior industry
shared similar beliefs about what consumers would value as reflected in their con-
current introduction of features—firms were significantly more likely to introduce
a feature, such as optical zoom, to the extent that other firms from the same prior
industry entered with the feature in the same year."The case discussed raises some
interesting questions:

e Explain the reasons that influenced existing companies to consider innovation in
similar fashions, e.g. optical zoom, rather than disruptive or radical.

o Why would a company producing MP3 players, e.g. Sony in consumer electron-
ics, be interested in entering the digital camera industry? What would have been
their strengths and weaknesses compared with existing companies, e.g. Nikon or
Kodak?

e What complementing technologies supported the emergence of the digital
camera? ldentify the most important technology which could have derailed the
development of the digital camera and explain your reasons.

o Why was the market development process faster and stronger for digital cameras
than for film-based cameras, as seen in Figure 5.57

e Which companies use their reinforcing feedback process more efficiently in the
digital camera age?

5.2 Integrating Management Science into Strategic
Management

One of the important issues raised in the behavioral model of firms is the
management of expectations regarding the dynamics of the industry. Reactive
companies may be accustomed to the use of descriptive tools, to infer the
development of the market in the future based on the past performance.
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Some proactive companies may be users of predictive tools while other pro-
active companies may use prescriptive tools. The next subsection provides
two examples of the use of management science tools, prescriptive tools, to
understand and manage the evolution of industries:

5.2.1 Exploring Industry Evolution Using System Dynamics

This subsection explains an illustrative system dynamics model based on the
dynamic behavioral model of industry evolution discussed previously. The
model represents the two main feedback processes described in Figure 5.3:
market development; and a company’s growth. Kunc (2004, 2010) and Kunc
and Morecroft (2007) present more detailed system dynamics models and
modeling processes to evaluate industry evolution.

Market development The balancing feedback process described in Figure 5.3
indicates that the number of actual customers (or adopters of a product) directly
relates to the number of potential customers (potential adopters) but as the
number of adopters increases, the number of potential adopters decreases over
time. A basic model to reflect this process was developed by Bass (1969) in 1969
and is known as a product diffusion model. Bass’s diffusion model is widely used
in system dynamics Sterman, 2000; Morecroft, 2015) due to its simplicity and
close relationship with customer and company behaviors. The Bass model
provides a clear structure and dynamics for market development leading to the
S-shaped growth pattern characteristic of products and services in diverse
markets.

Figure 5.6 shows the stock and flow representation (see section 4.4.2 for an
explanation of stock and flow) of the market development where the behavior
of two key actors is represented in a stylized way. The two stocks and a flow
captures the movement of people from being potential buyers of a product to
having actually purchased the product. Where does the information for each
stock come from? It is safe to assume that the number of potential adopters
originated from either market research (e.g. focus groups across the entire
population to detect purchase intention after showing a new product) or previ-
ous experience in the company (e.g. similar product launched previously).
Adopters are initially zero since the product is not in the market. When we
zoom into the balancing feedback loop in Figure 5.6, we can observe two other
feedback loops reflecting the behavior of companies and adopters.

First, we analyzed the behavior of customers. Diffusions are essentially
a social contagion process (Rogers, 1983). Adopters show and tell their new
product to other people, e.g. friends, colleagues, etc., spreading the product.
Mathematically, this process is reflected by the contact rate (the number of
people an adopter knows or talks with about the product) multiplied by the
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Figure 5.6 Market development model.

success of the contact measured by the adoption fraction (how many people
from those who hear about the product really buy the product). However, the
possibility that the social contagion will occur is determined by how large
the number of potential adopters compared with the total population is (a very
popular product will be adopted by almost all the population so it will have
higher chances but a very specific product will not attract many potential adop-
ters so the chances are smaller). Then, what is driving the reinforcing feedback
process? Essentially the number of adopters generates a self-reinforcing pro-
cess. More adopters mean more contacts and more future adopters (if there are
enough potential adopters). The process is usually known as word of mouth.
The second actor in the market development is the company. Let us try a
simple experiment. What is the result of “Adoption from word of mouth” if the
number of adopters is zero? The result is zero. There is no possibility to suc-
cessfully develop a market unless there are some people out there showing and
talking about the product. So how do we get people to start talking about the
product? One possibility is to give free samples so that the initial value of the
stock of Adopters is more than zero. Another possibility is to start promoting
the product through advertising campaigns. Company behavior is captured by
its actions to develop the market through investment in advertising (Figure 5.6).
Large advertising budgets mean more potential adopters being aware of the
product but the real impact of advertising may not be too high. Rogers (1983)
suggests receiving advice from a trusted user, word of mouth, generates more
impact than seeing a product on TV or on the Internet. Thus, the impact of the
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Figure 5.7 Market development simulations. (a) Growth in the number of adopters and the
decline in potential adopters over time; and (b) rates at which the transition occurs.

advertising budget is not high and it varies a lot depending on the product or
the media employed so the model captures this situation by the concept of
advertising effectiveness. The information for advertising effectiveness can
come from diverse sources: market research, advertising agencies and previous
experiences. Figure 5.7 shows the results from the simulation: Figure 5.7a
shows the growth in the number of adopters and the decline in potential adop-
ters over time; and Figure 5.7b describes the rates at which the transition
occurs (line 1 shows total number of adopters, line 2 presents the adopters
from word of mouth and line 3 indicates the adopters from advertising). Now,
you can experiment with the speed of the development of a market by running
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the model whilst considering different situations: higher advertising effective-
ness or more advertising budget, less or more popular product (different num-
ber of initial potential adopters with the same total population), and more or
less successful word of mouth due to the complexity of the product or price
(change the adoption fraction).

Figure 5.8 presents the stock and flow diagram that synthetically represents
the behavior of the company while it tries to chase the growth in the market
(Morecroft, 2015). There are two main areas where the companies invest to
develop the market. First, managers invest in advertising in order to develop
the market by attracting potential adopters (this structure is captured in Figure
5.6). Secondly, managers invest in production capacity (e.g. physical resources
and human resources to deliver the products bought by adopters). This invest-
ment is described in the sector named “capacity expansion” in Figure 5.8.

The production capacity accumulates gradually, which is reflected by the
time taken to adjust capacity, to expand a factory or train human resources
so capacity adjustment is not instantaneous. How does the company decide
on the amount of capacity to adjust? There are two components: the future
capacity required, which can be defined by forecasting the development of
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Figure 5.8 Company growth model.
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the market (“forecasting” in Figure 5.8), and a calculation of the adjustment
needed based on the market forecast, variable “desired production capacity”
in Figure 5.8, and the current capacity. This process reflects a goal adjustment

process.

Forecasting is based on matching the current sales, which is a usual

process followed by most companies, but there are a wide set of forecasting
methods that can support managers in this process (Mahajan et al., 2000).

There

are two outcomes from the growth of the company: learning; and

financial results. Learning is a process well documented in the strategic man-
agement literature and known as the learning curve, see “Learning curve” in
Figure 5.8. Companies can reduce costs as they learn to be more efficient in
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Figure 5.9 Company growth simulation. (a) Production capacity adjustment. (b) Learning
curve and unit costs. (c) Financial performance. (d) Operating profits.
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Figure 5.9 Continued

manufacturing their products or delivering their services. Learning reduces
variable unit costs over time and generates entry barriers because new compa-
nies start without the accumulated experience. Financial results come from
the revenues obtained and the subtraction of the variable and fixed costs to
produce the product. Variable costs are related directly to the sales but the
production capacity is responsible for the fixed costs, so fixed costs vary at a
slower rate than sales. The final operating profit is determined by the revenues
minus all costs and the investment in advertising. A stock is included to accu-
mulate the profits over the life cycle of the industry. Figure 5.9 shows a set of
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results from the base simulation. Figure 5.9a and b represent the results from
the expansion of the production capacity: Figure 5.9a depicts the lag that exists
between the desired production capacity, which is based on the sales, and the
implemented capacity whereas Figure 5.9b shows how production experience
accumulates (line 1) and variable costs decline over time due to the learning
curve (line 2). It is interesting to observe the important disadvantage a new
entrant may face as variable costs declined more than 70%. Figure 5.9¢ and d
reflect the financial performance of the company. Figure 5.9c shows the oper-
ating profit (line 4) and its components: revenue (line 1), variable costs (line 2)
and fixed costs (line 3). While revenues achieved a peak relatively fast driven by
the growth in the market, the fixed costs reached their peak when the sales are
declining. The impact on operating profits is clear: the delay in building up
resources has an impact on the profits as fixed costs remain high. This is usu-
ally the situation when shakeouts occur in industry, many companies enter the
market when the sales are declining so they incur losses. While the accumu-
lated operating profits remain positive at the end of the simulation, the final
level is well below the peak in operating profits since losses absorb a large part
of the initial surplus. The results shown in the simulation reflect in a synthetic
way the “Get Big Fast” behavior observed in many dot.com companies in the
2000s (see Oliva et al., 2003 and Sterman et al., 2007 for detailed models of this
behavior). Now, you may explore diverse industry scenarios: diverse learning
curve due to different levels of complexity in the production process (change
cost reduction component), different prices and costs, and more or less com-
plex production capacity (change time to adjust capacity).

Food for thought 5.2 The model discussed previously can be expanded. For
example, once all the potential adopters have adopted the product, there are no
sales related to continuous purchases for either replacement or additional units.
Figure 5.10 incorporates replacement sales. Replacement sales are driven by the
average life for each product. Once the product reaches its end of life, adopters will
buy the product again following the same behavior discussed in market develop-
ment. What will the shape of revenues be? What will happen if the advertis