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a b s t r a c t 

This paper presents a protocol for supporting strategy development via system dynamics (SD) model- 

ing in consultation with Chief Executive Officers (CEOs) of small organizations; it also reports on the 

effectiveness of this protocol one year after an initial study was conducted. The protocol was applied 

in five small organizations; it involves the development of a SD model that is used to generate scenar- 

ios of alternative strategic situations an organization may face. We found that when the CEOs identified 

more feedback loops and causal relationships among key resources through their modeling analyses, they 

increased their capacities to generate new strategic ideas through more developed mental models. How- 

ever, those CEOs who were not able to generate alternative strategic ideas to overcome the challenges of 

scenarios presented during the simulation sessions found it difficult to make strategic decisions when the 

scenarios occurred one year after our intervention. This finding suggests that SD modeling can affect firm 

performance when the facilitation process helps CEOs reflect on potential strategic actions that can be 

taken in the future. When CEOs cannot change their strategic plans by imagining what should be done 

in a challenging scenario, they are not able to address challenging situations when they arise. 

© 2017 Elsevier B.V. All rights reserved. 
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. Introduction 

A central debate concerning strategy processes is related to how

anagers can effectively manage their organizations and strategies

n dynamic environments ( Gary & Wood, 2011; Kaplan, 2008; Kunc

 Morecroft, 2010; Rahmandad & Repenning, 2016 ). Evidence indi-

ates that many organizations operate within increasingly dynamic

nvironments where destabilizing forces of technical innovation,

lobalized competition, and entrepreneurial action operate with

reater frequency ( Eisenhardt, Furr, & Bingham, 2010 ). As a result,

anagers frequently face the challenge of having to effectively or-

anize and strategize within such environments. System dynam-

cs modeling, as a modeling methodology for developing strate-

ies within dynamic environments, serves as a suitable vehicle for

ddressing this challenge ( Gary, Kunc, Morecroft, & Rockart, 2008;

unc, 2012; Kunc & Morecroft, 2007 , 2010 ). In fact, one of the ear-

iest arguments for the use of system dynamics (SD) for support-

ng strategic processes was developed by Dierickx and Cool (1989) ,

ho argued that firm resources behave similar to “stock” variables

ecause they take time to accumulate. SD research has focused al-

ost exclusively on processes governing the accumulation of re-

ources and capabilities, implicitly assuming that managers can
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dentify a particular combination of strategic resources and capa-

ilities ( Rahmandad & Repenning, 2016 ). Research on the use of SD

o support strategy development has also acknowledged that many

anagerial challenges are associated with a manager’s ability to

nderstand and manage reinforcing feedback loops driven by as-

et stock accumulation through learning by doing, scale economies,

etwork effects, information contagions, and complementary as-

ets ( Sterman, Henderson, Beinhocker, & Newman, 2007 ). Feedback

oops are often linked by nonlinear couplings that often spur coun-

erintuitive behavior ( Rahmandad, Repenning, & Sterman, 2009 ). 

Several scholars have highlighted a number of benefits of us-

ng SD modeling for supporting strategic decision-making. For ex-

mple, SD researchers have long been interested in connecting di-

ersity in decision-making to performance differences among firms

ver time ( Gary et al., 2008 ). SD modeling can also be used to

elp people understand how strategies will perform over time,

ow things may go wrong and interventions that could be applied

o mitigate such situations ( Kunc & Morecroft, 2007 ). For exam-

le, SD modeling can be used to create a set of distinct strate-

ies to challenge the collective intuition of a management team

 Probert, 1982 ). Furthermore, SD modeling can be used as an ef-

ective graphic display method for illustrating the policy structure

f an organization ( Morecroft, 1984 ). In addition, SD modeling can

e used to explain why some managers adopt strategies that are

ssociated with competitive success ( Gary & Wood, 2011; Lang-

ey & Morecroft, 2004 ). Although SD scholars support the use of

http://dx.doi.org/10.1016/j.ejor.2017.01.018
http://www.ScienceDirect.com
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modeling and simulations as a means of helping managers test

and evaluate strategic options ( Senge & Sterman, 1992; Sterman et

al., 2007 ), there is a lack of research on SD protocol use by man-

agers as a way of formulating and implementing strategies. There

are also few studies on processes that test the post-intervention

effectiveness of such projects. This paper therefore makes two con-

tributions in addressing these gaps in knowledge. First, the pa-

per presents a protocol for supporting strategy development via

SD modeling that was developed in collaboration with the CEOs

of a set of small organizations. Second, we illustrate the effective-

ness of this protocol one year after our initial study. Our results

can guide SD scholars and Operational Research practitioners who

are interested in supporting strategic development processes and

in measuring the effects of their interventions in particular. 

The remainder of this paper is organized as follows. First, we

discuss the theoretical basis of this research. We then introduce

the protocol and the case study research from which it was devel-

oped; we also present our reflections on our study results made

one year after our study was completed. Finally, we discuss some

significant findings of our study and present our conclusions. 

2. Literature review 

2.1. The role of Operational Research in supporting strategy 

development 

Dyson (20 0 0) identifies three streams of Operational Research

(OR) within the strategy research field. He first describes the

‘Strategic OR’ stream wherein traditional OR techniques such as op-

timization, simulation and queuing approaches are used to address

operational issues and typically within the private sector, which

by virtue of its size and complexity is deemed of strategic impor-

tance. The second field involves ‘policy analysis within the pub-

lic sector.’ The volume of issues involved, uncertainties inherent of

multiple factors and the variety of stakeholder interests to consider

are issues addressed within this stream; approaches used to ad-

dress such problems include both soft and hard OR approaches.

Dyson identifies the final stream as ‘strategic development sup-

port,’ wherein a variety of frameworks, methods and models or

tools can be used to support various activities that together form

a strategic process ( Dyson, 2004 ). One of the key tenets of this

final research stream is the need for strategy rehearsal (thinking

through strategic ideas, options and their consequences) prior to

enactment or implementation with the use of certain tools ( Dyson,

Bryant, Morecroft, & O’Brien, 2007 ). 

Over the years, a wide variety of tools drawn from different

disciplines have been developed to support managers undertaking

various activities of a strategy process. The term ‘tool’ is defined by

Stenfors, Tanner, Seppala, and Haapalinna (2007) as a generic term

covering quantitative or qualitative frameworks, methods, model-

ing approaches, techniques, etc. used in their original or modified

forms or combined with other tools to suit the user’s needs. Bain &

Co periodically conducts a survey of the use of such tools by exec-

utives, reporting the most popular tools in use ( Rigby & Bilodeau,

2007 ). This longitudinal research serves as an indication of the va-

riety of tools available for supporting strategies. Surveys have also

been conducted with a focus on different tool users such as MBA

alumni and OR practitioners ( O’Brien, 2011 ). 

Scholars have typically classified tools used to support strat-

egy development based on their origins. O’Brien (2011) identi-

fies three categories of tools: strategy and management, OR, and

Soft OR, where simulation, or more specifically SD, is one of the

most widely used tools. While most of the surveys typically fo-

cus on management tools ( Rigby & Bilodeau, 2007 ), Stenfors et al.

(2007) focus on management and ‘hard’ OR tools and less on Soft

OR tools. All OR tools (hard or soft) are similar in that they are
ased on the formation of models on aspects of certain situations,

ut they differ in terms of processes used to generate models of

eality ( Mingers, 2003 ). 

.2. The use of SD as a tool for supporting strategy development 

For SD scholars of strategy, the term “model” denotes an en-

ogenous theory of business dynamics, a simulation microworld,

nd not merely a spreadsheet or econometric testing model

 Graham, Morecroft, Senge, & Sterman, 1992 ). The use of SD mod-

ling in the strategy research field can be divided into three

ategories: (1) Models for testing strategy theories, (2) models

or teaching strategic thinking and capacity development, and (3)

odels for supporting strategy development within organizations. 

Under the first category, SD Scholars test theories by model-

ng an endogenous structure that is responsible for strategy dy-

amics as illustrated by Gary (2005) , who built a system dynamics

odel for analyzing the implementation of a diversification strat-

gy. Gary’s findings show that in the absence of policies that man-

ge shared resources, a diversification strategy can negatively affect

rm performance – an unintended consequence not identified in

he extant strategy literature. Kampmann and Sterman (2014) pro-

ide an additional example of research in this category that ex-

lores whether different price mechanisms improve firm market

erformance. The authors found that dynamic complexity degrades

 manager’s decision performance substantially relative to its opti-

al potential under different pricing mechanisms. This result re-

ects the hypothesis of rationality at the individual level in strate-

ic decision making but supports the view of behavioral decision

ules consistent with bounded rationality ( Sterman, 1989 ). Papers

iscussing other issues of strategy under this framework have been

ritten by Gary, Wood, and Pillinger (2012), Kunc and Morecroft

2010), Langley and Morecroft (2004), Pierson and Sterman (2013) ,

nd Repenning (2002) . 

Under the second category, SD scholars have focused on analyz-

ng ways to teach strategy and strategic thinking via SD modeling.

n a recent paper, Sterman (2014) presented the benefits of using

imulations in an open course at MIT, the purpose of which was to

xplore consequences of different strategies by simulating them so

hat students, executives and policy makers could learn about the

omplexities of business dynamics. Kunc (2012) also presented an

nalysis of the development of student strategic systems thinking

kills while studying SD through a course introducing uses of tools

hat support strategic development. However, he reported that a

arge group of students did not follow SD practices adequately and

hus performed poorly in their strategies. A similar finding was

eported by Booth-Sweeney and Sterman (2007) who found that

ost students (85 percent) struggle to describe feedback processes

hen feedback is given. 

Finally, researchers focused on the third category have analyzed

ays in which SD modeling can help managers facilitate strategy

ormulation and an understanding of the consequences of strate-

ies adopted by industries and firms, e.g., the UK steel industry

 Dangerfield & Roberts, 20 0 0 ); through public services, e.g., Eu-

opean health care services ( Taylor & Dangerfield, 2005 ); and by

rms, e.g., startup firms and large organizations ( Morecroft, Lane,

 Viita, 1991; Probert, 1982; Repenning & Sterman, 2002; Senge,

ichtenstein, Kaeufer, Bradbury, & Carroll, 2007 ). Within this third

ategory, one particular body of knowledge considers the use of

cenarios to test and explore effects of strategies. For example,

cenarios can involve testing the robustness of diverse strategies

ithin a dynamic but endogenous environment, e.g., external vari-

bles affecting firms are included in models and are modeled as

eedback processes. For instance, in Kunc and Morecroft (2007) ,

rices are generated endogenously based on the interplay between

ivals in an industry. 
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Scenarios can also involve simulating the external environment

nd observing the performance path of a system under ‘business

s usual’ conditions. In such cases, a system does not determine

xternal environment dynamics, but rather the external environ-

ent defines system performance. One use of SD in this man-

er is presented by Carlisle, Johansen, and Kunc (2016) , who use

raditional scenario methodologies to identify exogenous variables,

o create scenarios and to develop an SD model that evaluates

he robustness of existing strategies under given scenarios. Geum,

ee, and Park (2014) also use SD modeling to support scenario

lanning by creating hypothetical scenarios linking the external

nvironment to internal business strategies. Furthermore, Langley

nd Morecroft (2004) asked participants to make strategic deci-

ions under a number of industry scenarios in a simulation study.

ne scenario was called “Quota busting in a Green World.” Under

his scenario, public concerns about environmental damage (e.g.,

lobal warming, air pollution, and road building) galvanize polit-

cal and business leaders to act to curb the use of fossil fuels.

owell (2014) suggests that the robustness of strategies applied

cross scenarios in SD modeling activities not only concerns the

t to historical data measurements and expectations, but the vari-

tion in assumptions on outcomes depicted in the scenarios, which

re used to support strategic hypothesizing, assessments of candi-

ate policies, and risk appraisal ( Powell, 2014 ). 

The body of research on the use of SD modeling to support

trategy development shows that its strength lies in its use to fa-

ilitate understanding of a feedback system’s view of a business

n which managers can analyze the robustness of current strate-

ies under extreme scenarios and to reveal the potential effects of

trategic ideas prior to their implementation. This view presented

y Gary et al. (2008) highlights the relevance of SD modeling as

 means of improving the mental models of managers. Gary et al.

2012) suggest that mental models are simplified knowledge struc-

ures or cognitive representations on how an environment works.

y developing models and simulations of specific strategy issues in

rganizations, managers can understand the problems facing exist-

ng or future strategies ( Kunc, 2012 ). In fact, SD models compress

ime and space, making it possible for managers to experiment and

o identify future consequences of their decisions in distant parts

f their organizations ( Kunc & Morecroft, 2009 ). 

.3. SD modeling and strategy development in small organizations 

Although Forrester (1961) in an early report argued that SD

ould be most helpful to small firms, evidence from the litera-

ure on the use of SD modeling to support strategic decisions has

een slow to emerge; we include a few examples here. Ahlstrom

t al. (2007) book attempted to explain cause-and-effect relation-

hips between small business growth policies and their sustainabil-

ty. However, the book focused on corporate planning contexts and

hus on developing long-term planning documents that set goals

nd objectives rather than on supporting managers in their strate-

ic decision-making effort s directly. Morecroft et al. (1991) were

ne of the first to apply SD modeling to support strategy develop-

ent within a small firm; they authors described means of mod-

ling the growth strategy of a biotechnology start-up firm. This

tudy interestingly showed that managers recognize that they have

earned about business processes only after SD modeling devel-

pment, which was found to challenge team views on policy op-

ions and their consequences. Senge and Sterman (1992) reported

n the experiences of a medium-sized insurance company in im-

roving its quality and total cost performance. In this study, man-

gers clarified their assumptions and shared views on business dy-

amics affecting their firm. Later, Cavaleri and Sterman (1997) pre-

ented a follow-up evaluation of a well-known systems thinking

ntervention designed to improve the quality and performance of
 U.S.-based insurance firm. They found that the intervention suc-

eeded at changing the mental models and behaviors of key man-

gers but that performance measures had not improved after the

D intervention. More recently, Bianchi (2002) reported that mod-

lers cannot apply common approaches that are typically success-

ul in larger firms when introducing SD modeling into a small or-

anization’s planning activities. Rather, it was found that modelers

ust create interactive learning environments to foster learning on

usiness plans. 

. Supporting strategy development using SD in small 

rganizations: a protocol and its application in five case studies

The organizational settings for this research were five export

ompanies, each of which wanted to rehearse their international-

zation strategies within specific industrial sectors: wine, fruit, and

sh. The five companies agreed to participate in the study and to

valuate the utility of system dynamics use to plan out strategies

ne year later; LR, IW, AF, CT, and FT denote the five firms. 

.1. The organizations and participants 

The first case study considers LR wine, a company with 60 years

f operation in the wine industry. Its upper management team in-

ludes four shareholders, a general manager (CEO) and one sales

anager. The current CEO (Participant 1) and wine maker has oc-

upied this role since 2007. He is an agronomist engineer with an

BA. He is 40 years old with 12 years of experience in wine mak-

ng and exporting. He previously worked for a French wine com-

any. 

The second case study examines the IW wine company. This

hilean wine firm specializes in premium wines. The owner, wine

aker, and CEO (Participant 2) leads the company. She is one of

he most prominent wine makers in Chile and is an agronomist

ngineer with an MBA. She is 48 years old and has 20 years of

xperience in wine making and five years of experience in wine

xporting. 

The third case study concerns the CT fruit company. This firm

pecializes in producing and exporting dried plums. The firm was

reated four years ago. Participant 3 is the owner and CEO of the

ompany. He is an agronomist engineer with 10 years of experi-

nce in export fruit production and cultivation. He is 36 years old

nd CT is his first exporting firm. 

The fourth case study examines the AF fruit company. This

hilean firm exports several varieties of fruit, including apples,

pricots, oranges, plums, pears, and table grapes. Participant 4, the

EO of AF, shares the company’s ownership with his father and his

wo brothers-in-law. Aged 47, he is an agricultural technician with

2 years of experience in orchard fruit production, cultivation, and

xport. 

The fifth case study examines the FT fish company, a Chilean

xport company that was first created 12 years age as a cargo

gency for fresh fish exports. The company collects fish from its

wn fish processing plants and from industrial fisheries and fisher-

en and then sends its products by aircraft to the Spanish market.

articipant 5 is the CEO and owner of FT. Aged 52, he is a techni-

ian with 25 years of experience in fish exporting. 

.2. Protocol for supporting strategic development processes in small 

rganizations 

Forrester (1994) suggested that traditional SD modeling involves

he following 6 steps: 

(1) Describe the system, 

(2) Convert the system description into level and rate equations,
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Fig. 1. Swim lane flow chart of the protocol. 
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(3) Simulate the model, 

(4) Design alternative policies and structures, 

(5) Educate and debate, and 

(6) Implement changes in policies and structures. 

Although this is performed using a step-by-step process, sys-

tem description and conversion into level and rate equations is not

straightforward, as systems are typically created as part of a man-

ager’s (or owner’s) mental model of a system ( Forrester, 1994 ); this

is particularly true when systems concern business strategies ( Gary

et al., 2008; Morecroft, 1984 ). In contrast to large companies, small

organizations typically only employ one or two professionals re-

sponsible for developing business strategies. As business strategies

are abstract, their cognitive representation may not always be com-

plete, capturing only certain aspects of a given firm. Studies ( Kunc

& Morecroft, 2009; Morecroft et al., 1991 ) have demonstrated that

the use of facilitation techniques can help managers identify un-

derlying system structures responsible for generating future busi-

ness dynamics as strategies play out over time (e.g., key variables

and delay and feedback effects). This is not a trivial task, as even

students who have received traditional system dynamics modeling
raining can exhibit limited understanding of feedback effects (e.g.,

tudents assume linear rather than causal thinking) and a lack of

onsideration of temporal dimensions ( Booth-Sweeney & Sterman,

007 ) when analyzing strategic issues ( Kunc, 2012 ). 

The protocol presented in this paper addresses the issues de-

cribed above. We propose a four-step protocol where steps 1 and

 focus on describing key variables identified by managers as rele-

ant for explaining organization performance (step 1 of traditional

D modeling according to Forrester, 1994 ). Step 3 focuses on defin-

ng the structure of business strategies by converting system de-

criptions into level and rate equations. Finally, step 4 involves

imulating the model, designing alternative policies and educating

anagers through strategy rehearsal modules that consider effects

f uncertainty as depicted in a set of scenarios. We now describe

ach step of the protocol in more detail. Fig. 1 provides a sum-

ary overview of the protocol in the form of a process diagram; it

pecifies facilitator and participant roles and describes interactions

etween them. 

Step 1: Conceptualizing the internationalization strategy process.

he first step of the protocol involves describing the strategy pro-

ess by selecting a strategic issue or topic to focus on and by then
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xploring the CEO’s understanding of it. In the present study, we

ocused on each organization’s internationalization strategy pro-

ess. Once an issue/topic was determined, a series of questions

ere designed to help each participant articulate his or her un-

erstanding of the issue/topic. Questions were designed to gather

nformation on the internationalization strategy process (e.g., how

o they actually export?) and then on resources that could be

dentified throughout the process. Tape and video recordings were

ade in the meetings, which lasted between 90 and 180 minutes.

s a practical illustration, we opened with a general question: how

as your company developed its internationalization strategy process?

EO responses were coded in terms of resources, variables and

eedback loops identified. CEOs with a postgraduate degree (LR and

W) found the exercise of describing internationalization strategy

rocesses through the identification of resources and drivers to be

n interesting experience. 

Note-taking was found to be especially critical in this step

s a means of supporting the CEO learning process; notes were

hared with each CEO so that he/she could reflect on them

nd draw conclusions from his/her descriptions of internation-

lization strategy processes. The notes also allowed the facilita-

or to guide discussions towards gathering relevant information

hat could support subsequent improvements to internationaliza-

ion strategy processes. To illustrate how this step worked in prac-

ice, the following extract shows how one CEO answered the ques-

ion listed above. Here and elsewhere in the paper where we in-

lude quotes, resources are shown in bold , and their effects on the

evelopment of other resources are shown in italics : 

‘We try to focus on the needs of our customers (what they want)

[...] by promoting our products in international markets [...] this

implies, for example, a variety of grapes and bottle sizes and

styles.’ (Participant 1 – LR) 

The protocol used in step 1 focused on exploring answers given

o the first question by posing related questions such as, how do

ou promote your products in international markets? Although sev-

ral of the themes that emerged from answers given were some-

hat diversionary (e.g., the history of the organization; the reason

or producing wine; and currency exchange problems), we guided

he conversations by asking participants to identify causal rela-

ionships between variables related to internationalization strategy

rocesses. Finally, we concluded the session by creating a list of

lements identified by the CEOs as relevant in describing interna-

ionalization processes and as useful for SD model creation. 

Step 2: Building a representation of business as a system. Once

ach CEO described his or her internationalization strategy process,

e explored the factors or drivers that underpin these processes

nd identified underlying feedback structures that support them.

e initiated step 2 by asking the CEOs to describe the feedback

tructures of business processes based on a causal loop diagram.

ausal loop diagrams, which focus on feedback structures, serve as

 framework from which to think about internationalization pro-

esses, thus linking a series of concepts that help to build mental

epresentations of businesses as systems ( Kunc & Morecroft, 2009 ).

ausal loop diagrams are also used to identify positive and nega-

ive feedback processes that underpin the dynamics of a system

 Morecroft, 2007 ). This approach allowed the CEOs to articulate

heir views on relevant information that supports their strategic

ecisions. Open-ended questions were posed to solicit explanations

f business drivers (e.g., how do you use the Internet to contact cus-

omers in international markets? ). 

The following quote from participant 2 (IW) describes the

ausal diagram generated in step 2 (with resources shown in bold):

“Most international customers contact me through my website

[...] (also) Naked-wines, an online specialist retailer in the UK, uses
my website to order wine bottles [...] Additionally, international re-

tailers use email or just call […] e-business activities allow me to

contact specialist wine retailers […] (specialist) wine retailers not

only give me orders but also recommend tasting characteristics,

this information (on tasting characteristics) has expanded my un-

derstanding (experience) of ways to improve wine quality levels

based on new niche markets.”

Although the paragraph above covers only one aspect of the

ustomer relationship formation process, the CEO easily explained

he entire reinforcing feedback loop related to learning from cus-

omers. For example, she explained that when she engages with

ustomers through wine tasting activities, such activities reveal

ew information on customer needs, expanding the CEO’s under-

tanding, creating networks that facilitate contact with specialist

ine retailers, and in turn leading to more wine tasting activi-

ies. After the CEOs drew the entire causal loop diagram, we asked

hem to identify the positive and negative polarity of each link be-

ween two connected variables. Each CEO found this drawing ex-

rcise to improve their understanding of their international strate-

ies, and especially when they identified an unexpected new vari-

ble mediating a link that could not at first be classified as either

ositive or negative. Finally, when a CEO identified new SD ele-

ents, we included them in the list of SD elements developed in

tep 1. 

Step 3: Convert descriptions of business strategies into level and

ate equations. We asked each CEO to identify resources (stocks) in

he causal loop diagram. Here, our role was to formalize a stock-

nd-flow model that captured the structure of their thinking on:

1) key resources as asset stock accumulations, (2) the nature of

xisting relationships between resources and potential drivers for

hose resources (flow variables), (3) polarities of causal relation-

hips, and (4) potential feedback structures and delay effects. The

EOs found it difficult to identify strategic resources, factors and

ime delay effects as relevant to their internationalization strate-

ies. Hence, to facilitate elicitation, we asked them to describe how

hey accumulate resources (stock variables in the stock-and-flow

iagrams) and then how such resources have changed throughout

trategy implementation ( Kunc & Morecroft, 2009 ). We illustrate

ne CEO’s (LR) comments made during this stage (with resources

hown in bold): 

‘ We have developed several marketing activities for looking for

customers ( customer portfolios ) who are able to pay higher

prices for our wines [...] However, this task is not easy because

it takes a long time [...] Thankfully, the Internet ( e-business

systems ) serves as a platform for making this search process

faster and cheaper [...] but you have to train people to acquire

new skills (e-business capabilities) and to buy necessary systems

( e-business systems ) for contacting customers and making agree-

ments (e-business) [...] (however) you must always pay atten-

tion to what (activities) your rivals are developing to reach cus-

tomers. ’ 

This quotation refers to two resources: customer portfolios and

-business systems . In system dynamics terms, the first sentence

f the quote refers to a positive (or reinforcing) loop: as the or-

anization engages in more marketing activity to gain customers

ho are able to pay higher prices for wine, resulting sales growth

auses the company to increase its prices, which in turn encour-

ges the firm to expand its marketing activities more. Interna-

ional marketing activities are also reinforced through the use of

-business capabilities. The CEO has also identified a negative (or

alancing) loop: increasing demand for wine places more pres-

ure on rivals to increase their wine prices, which in turn de-

reases the number of wine consumers in the near future. The

ve CEOs agreed that the stock-and-flow diagram represented the
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Fig. 2. Trajectories for the performance of the internationalization strategies: base case (line named current) and scenario (line named Sim) analyzed by the LR’s CEO. 
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internationalization strategies that they apply. However, once we

started to model the relationships described above, the CEOs found

it very difficult to conceptualize the equations. To overcome these

difficulties, we introduced each CEO to the notion that a strategic

resource, which is a key component of a business strategy, can be

considered an asset stock. We then formalized the equation with

the CEO in the following way: a strategic resource (stock) ( R t ) is

the initial value of the resource ( R 0 ) plus the integral of investment

in this resource over time ( r i ( t )). 

R i ( t ) = R i ( 0 ) + 

∫ t 

0 

r i ( t ) dt (1)

The current rate of accumulation r i ( t ) of resource i at time t is

a function of the current level of all existing resources affecting it

( R 1 ( t ), R 2 ( t ), …, R n ( t )), including exogenous factors denoted gener-

ically as E ( t ). While it is unusual to use equations when collabo-

rating with CEOs, we were keen to explain the equations to them

based on their academic background. We used the bathtub analogy

to explain to the CEOs that the integral of investment is simply the

net flow of new and depleted resources over time ( Booth-Sweeney

& Sterman, 20 0 0 ). 

r i ( t ) = f ( R 1 ( t ) , R 2 ( t ) , . . . , R n ( t ) , E ( t ) ) (2)

Only Participant 1 (LR) was familiar with the analytical nota-

tion of a stock. While we initially asked the CEO to define rela-

tionships using fixed rates, the fit between the model and real data

was found to be poor. We thus instead collected historical data to

quantify the effects of interconnected variables on resource accu-

mulation over time. The five SD models were also validated with

the CEOs in terms of structure, behavior, extreme conditions and

dimensions ( Morecroft, 2007; Taylor & Dangerfield, 2005 ). The SD

model structure, equation and behavior validation results are avail-

able from the authors upon request. 

Step 4: Selecting strategic initiatives for rehearsing with a set of

scenarios. This step involved three tasks. We first ran a base case

scenario (business as usual) as an extrapolation of past behavior.

We then invited the CEOs to identify future possible developments

in the external environment that could affect their international-

ization strategies; these were simulated in one potential scenario.
inally, we invited the CEOs to test their strategic ideas to over-

ome challenges emerging from scenarios using the SD model. 

The scenario analysis focused on exploring how CEOs respond

o external uncertainties captured by a set of scenarios by iden-

ifying strategic means of improving strategy processes. After we

an a base case (business as usual) scenario, the five CEOs were

sked to identify one external event that would affect their inter-

ationalization strategies. This external event, which we refer to

s a “scenario,” described future possible developments in the ex-

ernal environment. Hence, after the CEOs suggested an initiative,

e selected an external variable (exogenous) from the stock-and-

ow model that could trigger changes in the simulation. Finally, we

sked the CEOs to identify 3 strategic ideas, which were modeled

sing relevant internal variables of the SD model. 

Figs. 2–6 show five charts of the simulations analyzed by the

ve CEOs (LR, IW, CT, AF, and FT). Each chart includes a base case

cenario, which we label “current,” and the simulation of scenario

ariables, which we label “Sim.” Sim variables illustrate variations

f the assumptions in terms of outcomes captured by the scenar-

os. We also illustrate one strategic initiative identified by each

EO (LR and IW cases). We refer to the strategic initiatives as

S_Initiative 1.”

LR’s CEO focused on analyzing the impact of changing customer

esponses to country attractiveness. The simulation for the LR case

hows that free trade agreements have a short-term impact on

ew customers (new specialist retailers) because free trade agree-

ents increase wine exports quickly by reducing transaction costs.

ence, when wine firms do not reduce wine quality in the short

erm, they can offer wines that are more attractive to new spe-

ialist retailers (Wine customers: sim) – lower prices for the same

uality. In premium wine segments, specialist retailers can per-

uade wine firms to host more tasting events, wine exhibitions,

nd cellar tours. This reinforcing process can incentivize specialist

etailers to recommend wines to other potential customers even

ore. However, if the country where this business is based sud-

enly reduces the number of free trade agreements held, the num-

er of specialist retailers interested in premium wine segments

f this country would decrease slightly. Fig. 2 shows one strate-

ic initiative that was tested by LR’s CEO. This strategic initiative
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Fig. 3. Trajectories for the performance of the internationalization strategies: base case (line named current) and scenario (line named Sim) analyzed by the IW’s CEO. 
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ocuses on expanding relational marketing activities through the

evelopment of a new brand. Line 4 (Wine customers: S_initiative

) shows that a new brand has a long-term impact on wine cus-

omers. However, its long-term effect is more significant than that

escribed in the previous scenario (Wine customers: sim). 

IW’s CEO analyzed the effect of new wine retailer demand

hrough two sales channels: e-commerce and tasting exhibitions.

he base case ( Fig. 3 ) shows a faster initial increase in wine

ustomers (Exports: current), but after four years the trajectory

f wine customers begins to plateau. Additionally, Fig. 3 shows

hat IW’s exports (Exports: sim) are very sensitive to even minor

hanges in the dynamics of new retailers (New retailers: sim). IW

ompetes within the premium wine segment, and therefore spe-

ialist retailers are key stakeholders in its business model. The

trategic initiative suggested by IW’s CEO focuses on expanding

raditional and relational marketing activities in current markets

hrough the company’s participation in wine competitions, afford-

ng the firm a chance to win awards. Although Fig. 3 shows that

ine tournaments have a short-term impact on exports (Exports:

_Initiative 1; IW), in reality, CEOs can only access a limited num-

er of markets, and this limits a firm’s capacity to increase exports.

n fact, exports (Exports: S_Initiative 1; IW) show better short-term

erformance than those of the base case (Exports: Current), but

fter four years, their trajectory begins to drop, reflecting poorer

erformance than that of the base case. 

In the fruit industry, CT’s scenario analyzed the impact of exter-

al agriculturist activities on plum collection and harvesting. Fig. 4

llustrates the scenario describing a situation in which collection

rom external agriculturists (Plum collection from agriculturist:

im) decreased dramatically due to financial constraints (Financial

esources: sim). The simulation highlighted how CT would become

ighly vulnerable if some external agriculturists were to stop send-

ng CT their fruits for export. The simulation shows that plum de-

and was a considerable fall between 2008 and 2011, but then

lum demand continued to fall steadily over the next years (Plum

emand: sim). Such financial constraints can result when interna-
ional customers fail to pay on time (within 3 months). Although

he CEO was presented with a complex scenario and base case, he

ould not identify any ways to overcome the stated payment prob-

ems. 

AF’s scenario focused on effects of increasing the number of

ertifications required to export into new markets. Fig. 5 describes

he number of food, technical and sanitary certifications (Certifi-

ation: sim) facilitates entry into new markets (International mar-

ets: sim) and therefore allows AF to increase its exports (Exports:

im). Although the scenario (Exports: sim) and base case (Exports:

urrent) show a slight increase in exports, this behavior is driven

y the assumption that AF’s CEO is able to fulfill all requirements

eeded to obtain international certifications. When we asked the

EO what would happen if he were to experience difficulty with

cquiring certification, he could not identify any ways to address

his scenario. 

Finally, Fig. 6 shows the FT’s scenario analyzed the effect

f conflicts among fishing workers resulting from depleting fish

tocks. Although FT’s overall catch capacity is linked to the number

f industrial ships and artisan fishermen in operation, both indus-

rial ships (Industrial Catch: Current) and artisan fishermen (Fish-

rman Catch: Current) compete for austral hake fish in a delimited

egion. The simulation showed that fish stock depletion (Austral

ake Fish: sim) would affect the catch sizes of all ships, whether

hey be industrial ships (Industrial Catch: sim) or ships operated

y artisan fishermen (Fisherman Catch: sim). Industrial ships are

ore technologically advanced and able to catch fish than artisan

shermen, and therefore FT’s scenario illustrated that when indus-

rial ships increase the sizes of their fish catches, this should re-

uce the volume of fish stocks available, which should in turn re-

uce the catch volumes of artisan fishermen. The scenario illus-

rated the effects of intensifying rivalries between fishermen and

ndustrial ships on overall fish depletion patterns. Capturing this

onflict within a scenario proved critical to the CEO’s understand-

ng of his business because while industrial ships and fishermen

re external actors, they do still export through FT. 



1088 J.P. Torres et al. / European Journal of Operational Research 260 (2017) 1081–1094 

Fig. 4. Trajectories for the performance of the internationalization strategies: base case (line named current) and scenario (line named Sim) analyzed by the CT’s CEO. 

Fig. 5. Trajectories for the performance of the internationalization strategies: base case (line named current) and scenario (line named Sim) analyzed by the AF’s CEO. 
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Table 1 shows (for each CEO) a summary of each scenario used,

variables changed in the model, and new strategic ideas (s) devel-

oped in response to each given scenario. Only two CEOs (LR and

IW) were able to identify ways of overcoming challenges emerging

from the scenarios developed in step 4. 

Although the two CEOs were able to formulate some strate-

gies as thought experiments, they did not fully understand the

unexpected consequences of implementing their suggested ini-

tiatives. For example, LR’s CEO suggested 3 strategic ways ad-

dress the given scenario (e.g., expanding the relational market-

ing activities of specialist wine retailers to unexplored markets

through (1) training experience; (2) new brands; and (3) cus-

tomer service development). He expected the development of a
ew brand to have short-term effects on exports ( Fig. 2 , strate-

ic initiative 1, graph LR). In contrast, IW’s CEO recommended ex-

anding traditional and relational marketing activities in current

arkets by: (1) including bottle registration number on bottle la-

els and (2) participation in wine tournaments. However, when

e analyzed the effect of increasing participation in wine tour-

aments ( Fig. 2 , strategic initiative 1, graph IW), the results show

 short-term effect whereby exports increase rapidly followed by

 plateau and subsequent decrease caused by the limited num-

er of tournaments that the CEO is able to participate in. IW’s

EO did not expect that the limited number of tournaments that

he could participate in would affect her strategy. It should be

oted that the CEOs typically identified strategies based on their
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Fig. 6. Trajectories for the performance of the internationalization strategies: base case (line named current) and scenario (line named Sim) analyzed by the FT’s CEO. 

Table 1 

Summary of scenarios and strategies. 

Firm Scenario Description Exogenous variable Strategic initiatives to Endogenous variable 

employed overcome scenario changed 

LR National Free Trade 

Agreements 

The effect of increasing 

Chile’s FTA on exports 

Country’s Trade 

Agreements 

Increasing relational marketing 

activities on specialist wine 

retailers in unexplored 

markets through (1) training 

experience; (2) new brand; 

(3) developing customer 

services 

International marketing 

activities training 

programs max number 

of loyal customers 

IW Wine specialists overseas The effect of decreasing the 

number of retailers on 

new customers 

Rate of retailers per taste 

exhibition/rate of 

retailers per e-business 

activities 

Increasing traditional and 

relational marketing activities 

in current markets through: 

(1) including the register of 

every bottle in the label; 

(2) participation in wine 

tournaments 

Rate of customers per 

retailers/rate of 

customers per taste 

exhibition wine quality 

awards 

CT Unexpected delinquent 

clients 

The effect of unexpected 

delay payments (50 

percent) on the plum 

collection and harvest 

Payments from external 

customers 

No strategic initiative No strategic initiative 

AF Customer’s requirements The effect of increasing the 

number of certification 

due to new customer’s 

requirements 

Customer’s certification 

requirements 

No strategic initiative No strategic initiative 

FT Limit of fish growth The effect of fish stock 

depletion on the fish 

catch capacity (industrial 

and fishermen) 

Time to adjust industrial 

fleet and fishermen’s 

ships 

No strategic initiative No strategic initiative 
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ast experiences or replicated initiatives applied elsewhere in the

ndustry. 

.3. Reflections on rehearsing strategies under uncertain scenarios 

In summary, in following the specified protocol, we helped the

EOs identify elements needed to build an SD model that could be

sed to support strategy development. Through our facilitation, all

f the CEOs were able to identify numerous resources, flow vari-

bles, auxiliary variable causal relationships, feedback structures

nd delayed effects over the four steps of the protocol. Table 2

hows that those CEOs (LR and IW) presenting higher levels of aca-
emic achievement identified more SD elements than those CEOs

ith less formal education (CT and AF). Surprisingly, the CEO who

ost improved his description of his strategy process over steps

 and 4 was the CEO with a long tenure with his organization

FT). Although recognition of strategic ideas was triggered inten-

ionally in step 4 based on thought experiments, some of the CEOs

escribed a series of initiatives (experiments) that they would like

o apply in the short term (e.g., wine tourism development, label

reation, bottle numbering, and customer services). 

Feedback recognition through the use of causal loop and stock-

nd-flow diagrams also encouraged the CEOs to reflect on re-

ources, causal relationships, loops and delay effects embedded in
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heir strategy processes. Table 2 shows that LR and IW’s CEOs de-

cribed three and two resources, ten and twelve auxiliary variables,

ighteen and nineteen causal relationships, and two and one feed-

ack loop(s) and delayed effect(s), respectively. In contrast, those

EOs (CT and AF) presenting lower levels of academic achievement

ound it difficult to describe strategic processes through the re-

ource identification exercise. Interestingly, although FT’s CEO did

ot have an MBA similar to LR and IW’s CEOs, he did manage to

escribe the largest set of resources, variables and loops in step 3,

otentially due to his long tenure as CEO of this company. 

.4. Evaluating protocols in use one year later 

.4.1. Effects on firm performance 

One year after the initial study was conducted (2012), we revis-

ted the five companies to discuss the results of strategic initiatives

pplied over the previous year. In our meetings, participants 1 (LR),

 (IW), 3 (CT), and 5 (FT) analyzed the scenario that had been clos-

st to their situation. Previously, we noted that only Participants 1

LR) and 2 (IW) had followed strategic initiatives developed in re-

ponse to scenarios explored in step 4 of the protocol. In contrast,

articipants 3 (CT) and 5 (FT) had not developed any initiatives for

vercoming issues raised by the scenarios explored in step 4; over

he previous year, their export sales had in fact decreased. We now

eview the performance of each of the five participating firms. 

Performance in LR: Activities aligned with strategic initiatives

eveloped and discussed in step 4 were implemented. The CEO

uggested that the increase in the number of customers was trig-

ered by marketing activities and by changes made to bottle labels.

he firm experienced a slight increase in its number of customers

rom 16 to 18, representing an increase of 12.5 percent. The firm

lso witnessed a 25 percent increase in its average price for a bot-

le of wine. 

Performance in IW: One identified way to increase the num-

er of wine retailers involved participation in more tasting exhi-

itions. Tasting exhibitions hosting sophisticated wine customers

e.g., wine judges) had allowed the CEO to gain an understanding

f his customers’ preferences, e.g., wine price expectations. IW in-

reased its average price for a bottle of wine by 33 percent. 

Performance in CT: This firm witnessed a reduction its collec-

ion of plums because 30 percent of its international brokers had

ot paid on time, and in turn CT did not receive produce from sev-

ral agriculturists. In fact, CT lost the harvest season and was only

ble to collect fruit from external agriculturists (external suppliers).

his situation had been captured in one of the scenarios presented.

lthough the company’s CEO had classified this case as his worst-

ase scenario at the simulation stage, he did not discuss or apply

ny ways to mitigate non-payment risks. 

Performance in AF: AF’s CEO resigned from the family business

hree months after the workshops were held and started a new

ompany to export fruit to one of the new markets evaluated in

tep 2 of the protocol. This situation was unexpected according to

ur model. We were unable to obtain data on this firm one year

ater because the new CEO would not participate in an interview.

nterestingly, the previous CEO said that exploring new initiatives

ad led him to start the new company. 

Performance in FT: From the workshops, we found that it would

ot have been possible to reverse (hake) fish decline and that the

sh quota system was bound to collapse after 2014, marking the

nd of the simulated period. Unfortunately, this scenario did oc-

ur, and fish stock declines affected many Chilean fish companies

nd others involved in this industrial activity (fishermen, fish store

wners, and their families). One year later, the company’s CEO had

estructured the entire organization. Although the CEO suggested

e had been planning to reduce the number of plants in oper-

tion (in step 2), he had actually sold all of the company’s fish
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Fig. 7. Performance of the protocol based on CEO’s answers in each step of the protocol. We show the outcome of the process one year later by adding ( + ) if it was a 

positive results and ( −) if it was a negative outcome. 
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rocessing plants and industrial ships and had outsourced most of

he fish catch to industrial firms to reduce his company’s structural

osts (unexpected scenario consequences). 

. Discussion 

We open this section by reviewing our study’s contributions to

D modeling; in particular, we evaluate the impact of modeling in-

erventions on firm performance and on the CEOs’ mental models.

ext, we consider the impacts of our study on decision-making

rocesses and subsequent performance. We then discuss lessons

earned in terms of facilitated model elicitation. We then present

ur protocol’s contributions to strategic planning within a context

f external environmental uncertainty. We conclude our discussion

ith this study’s implications in terms of scenario-based learning. 

.1. Contributions to SD modeling 

We first contribute to the measurement of the effectiveness

f certain protocols in terms of the comprehensiveness of CEOs’

trategic decisions. Fig. 7 shows SD elements related to businesses

trategies identified by the five CEOs in the four phases of the pro-

ocol. We use a continuous line to delineate those cases present-

ng higher levels of performance after one year (LR and IW) and a

otted line to denote those cases presenting lower levels of perfor-

ance (CT and FT) and the AF case with undefined performance. 

Fig. 7 includes four graphs. Each graph tracks how each CEO’s

onceptualization process evolved over the four phases of the pro-

ocol. We present one graph for each of the four classic dimensions

sed in the SD literature: causal relationships, feedback loops, re-

ources and delayed effects. CEOs exhibiting higher levels of per-

ormance across these four dimensions (LR and IW) learned con-

istently about the dynamics of their businesses throughout the
rocess while CEOs presenting lower levels of performance did not

ppear to learn new principles until step 4. 

Our analysis of casual relationships provides insight into how

he CEOs developed views on their business strategies over time.

able 2 shows that during steps 1 and 2, 17 and 29 casual relation-

hips were identified by all five CEOs, respectively; in contrast, 76

nd 59 causal relationships were identified by all five CEOS dur-

ng steps 3 and 4, respectively. This suggests that the use of SD

odeling allowed the CEOs to recognize the causal structure that

aused changes in their firms’ resources. However, the CEOs from

rms presenting lower levels of performance identified causal rela-

ionships during simulation sessions but not during model devel-

pment sessions. Several of these new causal relationships were

dentified by lesser-performing CEOs in step 4 when they were

sked to explain why the simulation results did not match the

istorical data. This critical exercise allowed the CEOs to realize

heir mistakes in reflecting on the causal structure of their busi-

ess strategies and helped them identify new causal relationships. 

Feedback loops identified by the CEOs were highly related to

ow each CEO had developed his or her strategic resources while

pplying his or her business strategies. The SD model develop-

ent process allowed the CEOs to identify feedback loop structures

nvolved in internationalization strategy processes. However, only

hose CEOs presenting higher levels of performance one year later

LR and IW) recognized all loops during the model development

ession (step 3). The formal SD model development and simulation

ehearsal modules improved the number of feedback loops identi-

ed by all five CEOs, increasing from 13 loops identified in steps 1

nd 2 to 21 loops identified in steps 3 and 4. See Table 2 . 

The CEOs’ identification of more resources, causal relationships

nd feedback loops shows that after the stock-and-flow model de-

elopment and simulation sessions were delivered, the CEOs man-

ged to present their business strategies in a more detailed man-
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Table 3 

Comparison of results with other SD interventions. 

Characteristic Morecroft et al. (1991) Senge and Sterman (1992) Cavaleri and Sterman Repenning and Sterman Senge et al. (2007) 

(1997) (2002) 

Country United Kingdom United States United States United States United States 

Industry Biotechnology Insurance Insurance Electronic manufacturing Oil, motorcycle, 

technology, and clothing 

Firms 1 SME 1 SME 1 firm (not reported size) 1 large firm 5 large firms 

Improvement in 

decision- 

making 

Participants suggested 

that they learnt about 

the business process 

Participants could not 

articulate a significant 

new insight, but they 

clarified assumptions 

and shared experience 

Participants suggested 

that they experienced a 

shift in their mental 

models 

Participants enhanced their 

understanding of linkages 

between errors and 

performance 

Participants recognized 

the need for 

collaboration across 

multinational 

companies 

Reflection on 

strategic actions 

Insights from SD model 

led to increased priority 

for two internal projects 

Participants compared 

simulated results to 

their expectations 

Not performed Participants described the 

trade-off between doing 

their real work and the 

improvement work 

required by the initiative 

Three of reflections were 

discussed: conceptual, 

relational, and 

task-oriented work 

Business 

performance 

Not reported Not reported Intervention did not 

produce measurable 

improvements in 

business performance 

Not reported Not reported 

Model elicitation Model developed by 

adviser 

Model developed by 

participants and 

facilitator 

Not reported Not reported Not reported 

Data sources Workshops, and 

interviews 

Workshops, and 

interviews 

Workshops, archival data, 

and questionnaire 

Interviews Workshops 

Evaluation period Last meeting Not reported 6 years after intervention Not reported Not reported 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

i  

fi  

r  

a  

t  

a  

q  

d  

c  

i  

c  

g  

f  

w  

r  

a  

r  

S  

l  

m  

r

4

 

e  

d  

l  

t  

O  

t  

d  

e  

a  

m  

t  

d  

o  

i  

a  
ner. In fact, the simulation sessions were fundamental to spurring

discussion on current business strategies and on their conse-

quences given uncertainties captured using the scenarios. When

the CEOs observed the base-case simulations mapped onto real

data, they became more interested in discussing their own queries

on the strategy process. Nonetheless, only those CEOs exhibiting

higher levels of performance one year later (LR and IW) were able

to identify ways to address the scenarios explored in step 4. 

Our second contribution concerns how SD modeling can be

used to facilitate business strategy understanding and rehearsal in

cases where there are uncertainties regarding future external envi-

ronments. Although several SD applications have explored strategy

issues ( Gary et al., 2012; Kunc & Morecroft, 2010; Sterman et al.,

2007 ), strategies have not previously been modeled and simulated

in consultation with company CEOs who are ultimately responsible

for implementing strategies. In fact, few studies in the SD litera-

ture have demonstrated the efficacy of SD interventions in enhanc-

ing strategic initiatives through the use of simulations and have

explored consequent impacts on firm performance. Table 3 com-

pares our results with other SD interventions reported ( Cavaleri

& Sterman, 1997; Morecroft et al., 1991; Repenning & Sterman,

2002; Senge & Sterman, 1992; Senge et al., 2007 ). We considered

various aspects (e.g., industry, place, firm type, strategic decision-

making and business performance improvements) as well as pro-

cess aspects such as elicitation methods, data sources and post-

intervention evaluations. A variety of interventions, primarily used

in developed countries, clearly facilitate similar improvements to

decision-making processes. This paper makes an important contri-

bution to SD modeling research, as we make explicit and model

CEOs’ business strategies and simulate business strategies in con-

sideration of uncertainties perceived by CEOs in the form of future

scenarios. We tracked the results of our modeling efforts one year

later to observe whether initiatives developed within the exercise

were in fact implemented and whether any of the scenarios had

come to pass. 

4.2. Exploring the impact of SD modeling on subsequent performance 

The participants in the six research projects listed in Table 3

stated that SD modeling helped them enhance their understand-
ng of the links between decisions and future performance. While

rms must address uncontrollable events regardless of their cur-

ent situation, they must also identify long-term solutions that will

ffect the success of their long-term strategies ( Gary, 2005 ). Al-

hough all previous related studies report that SD modeling serves

s a robust tool for managers to analyze the unintended conse-

uences of certain decisions ( Sterman et al., 2007 ), our results ad-

itionally suggest that when managers identify more resources,

ausal relationships, and feedback loops in strategy analysis, they

mprove their capacities to initiate strategic initiatives within a

ontext of challenging scenarios. In fact, the use of preliminary

raphs and interviews facilitated the identification of feedback af-

ecting the internationalization strategy process. This result aligns

ith experimental results reported by Kunc (2012) , who found a

elationship between the ability to explain feedback loops and the

nalysis of impacts of strategic decisions on firm performance. The

esult observed also complements Bianchi’s (2002) suggestion that

ME performance is associated with decision makers’ capacities to

earn through the planning process, e.g., questioning both mental

odels and how businesses are likely to behave in the future as a

esult of strategic decisions. 

.3. Lessons for facilitated model elicitation 

Model elicitation has proven to be a difficult aspect of SD mod-

ling for two reasons. First, participants find it difficult to fully un-

erstand the effects of stock-and-flow diagrams based on feedback

oops of real situations ( Sterman, 1989 ). Second, managers of SMEs

ypically have linear, static and biased perspectives ( Bianchi, 2002 ).

nly three studies discussed in Table 3 actually described elicita-

ion protocols. In most SD projects, it is the experts who sketch out

elay and feedback effects in consultation with management teams

ither on a whiteboard or directly onto a computer ( Morecroft et

l., 1991 ). Nonetheless, when models are developed by participant

anagers with the assistance of facilitators, managers can iden-

ify feedback effects on their own. Conclusions emerging from such

iscussions can then be used to discuss the potential implications

f decision-making feedback ( Kampmann & Sterman, 2014 ). Thus,

nteractive modeling has been shown to be useful as a means of

voiding the development of linear and static perspectives in SD
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odeling with SMEs; we have incorporated these principles into

ur protocol. 

.4. Contributions of our protocol to strategic planning within 

ontexts of external environmental uncertainty 

In most previous studies, evaluations of SD interventions have

ot been reported. Our study shows that SD modeling can im-

act firm performance when facilitation processes allow CEOs to

ehearse potential strategic actions against future scenarios. When

EOs cannot modify their strategic plans by imagining what to do

hen facing a challenging scenario while testing their ideas out

sing an SD model, our results suggest they will struggle to over-

ome any problems should such scenarios occur. The proliferation

f potentially poor and damaging analyses reduces a CEO’s ability

o create strategic initiatives in response to changes in the exter-

al environment. Strategic development processes, as an organiza-

ional capability, can only be effective when strategy implementa-

ion is supported by testing out strategies under uncertainty con-

itions beforehand ( Kunc & Bhandari, 2011 ). 

.5. Implications for learning from scenarios 

By learning through virtual performance, strategists can en-

ance their analyses of ways to implement a series of initiatives

esigned to improve performance ( Dyson et al., 2007 ). In step 1 of

ur protocol, the CEOs stated that they had run their small busi-

esses based on past business experiences and that most strategic

ecisions have thus been made based on judgments emerging from

ental models of their organizations and industries through trial

nd error. This suggests that strategies employed in small organi-

ations tend to emerge from contingency rather than from a plan-

ing process aligned with a vision or mission, an approach Dyson

2004) refers to as deliberate or planned. The use of models based

n scenarios to support the development of deliberate strategies

roved challenging in this context, wherein most strategies were

mergent and depended on how each CEO viewed his or her busi-

ess environment. 

In the present study, SD modeling enabled the CEOs to test

nd refine their strategic decisions through simulation exercises.

D modeling helped the CEOs theorize on the potential impacts

f scenarios that emerged from their mental models and real

usiness decisions. It was through this form of learning that the

EOs reflected on how resources are perceived and employed to

mprove internationalization strategies ( Kunc & Morecroft, 2010 ).

owever, three CEOs failed to take advantage of knowledge gener-

ted through the simulations, as they did not execute any strategic

nitiatives that would address such challenges in the future. While

e did not explore the reasons for this in detail, this may be re-

ated to fears about the future or to a lack of belief in positive

utcomes. 

.6. Study limitations 

First, we only conducted five case studies of small and medium-

ized enterprises. We do not account for how the proposed proto-

ol could be applied to rehearse strategies in large firms, where

odeling in teams of upper managers should raise a different set

f issues ( Vennix, 1999 ). Second, although the CEOs interviewed

ormulated the stock and flow diagram consistent with the aims of

D modeling, scenarios and related strategic initiatives were cre-

ted based on the CEOs’ assumptions about their strategic pro-

esses and not on the use of expert knowledge on the business

ctivities of the examined companies. Consequently, upper man-

gement team assumptions were not tested in terms of their suit-

bility for a given industry. Third, only Participant 1 (LR) was fa-
iliar with the analytical notation of stock and flow diagrams. As

he other four participants (IW, CT, AF, and FT) were not familiar

ith SD analytical notation, we did not have a balanced sample for

omparing the effects of possessing more knowledge on analytical

otation. Finally, the suggested protocol for supporting strategies

as based on only two scenarios (the base case plus one other)

nd on some strategic initiatives for addressing them. We there-

ore could not explore whether a larger number of scenarios would

ave affected the strategy rehearsal results. 

. Conclusion 

This paper proposes a protocol based on an elicitation pro-

ess that helps CEOs of small companies identify consequences of

heir internationalization strategies. Five CEOs enhanced their un-

erstanding of resource recognition processes, causal relationships,

eedback, and delayed effects shaping their business strategies. Re-

ections drawn from the set of scenario-based simulations helped

wo of the five CEOs improve their performance one year later, as

hey chose to analyze their strategic initiatives prior to implemen-

ation – a valuable finding related to strategy rehearsal employed

s a part of strategic development. 

We see great opportunities to support strategic thinking in sim-

le and insightful ways through the use of SD modeling in direct

ollaboration with those responsible for developing strategies in

mall organizations. Simulation rehearsal proved fundamental to

acilitating discussion on current strategies and on their likely out-

omes and to the exploration of future strategies. Our study sug-

ests that there are ample opportunities to use tools such as SD

odels to support strategy rehearsal within small organizations.

uture studies may explore how such tools could be applied to

upport strategy development in small organizations. 
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