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Abstract

Kaplan and Norton propose a double-loop process that integrates the concepts of Bal-
anced Scorecard and Strategy Map to support managers to define and impleenent t
firm strategy more effectively. The BSC is a performance maregesystem based on

a set of few and critical indicators. These key performance indicaterdinked to-
gether in a causal diagram that represents the hypotheses abouttieg)st

This approach supports what Argyris calls double-loop learning which faetittite
strategic learning of managers and leads to better performance. Thiotyparning
produces changes in manager assumptions about cause-and-effect relationships and
leads to a better understanding of the context, what means a processchynvamag-

ers can explicit and improve their mental models about the bgsaystem.

This article describes a simulation-based research for testingsterayof hypotheses
about the influence of the BSC approach on strategic learning and performance, whic
uses a System Dynamics-based micro world.

Key words: Balanced Scorecard, Simulation Experiment, Doubleninega Mental
Model, System Dynamics

1. Improving Double-Loop Learning and Performance with the BSC approach
The Balanced Scorecard Approach

Kaplan and Norton (1992, 1996a) introduced the Balanced Scorecad) (8t the
aim to overcome some strategic management limitationsedtialditional performance
measurement systems that were based mainly on financialireeak this approach a
mix of lead (performance drivers) and lag (outcome measuresaiadicand of finan-



cial and non-financial measures, are balanced in four perspefineascial, customer,
process and, learning and growth) to help managers to simultaneousitr the fi-
nancial performance, evaluate the results of short-termnactinat drive future financial
performance and the progress of the strategy implementation.

According to the authors, the Balanced Scorecard describes t@ggenam picture of a
possible future (vision), a path for getting there (strategy)itasnlanslation in middle
and short-term objectives and actions. However, formulating tianBed Scorecard
and linking it consistently to the company’s strategy invollresunderstanding of the
cause-and-effect relationships between performance driveffinandials in a systemic
perspective of the company’s context.

Since BSC was firstly introduced (Kaplan and Norton, 1992), amen number of
books and articles that describe and recommend the BSC impléioreritave been
published. According to Kaplan and Norton (2001a), many organizatiousdithe
world are using the BSC approach to define, implement and mamagegsgt In fact,
recent surveys showed that the BSC was the most popular performaasarement
system, which was adopted by more than 40% of organizations world&/@é in UK,
46% in USA, 28% in German and Austria - (Rigby, 2001; Speckbatfadr, 2003).

To support managers to build a cause-and-effect perspective &ette¢o understand
the business system they are embedded in, some year&&gikem and Norton (2000,
2001a) developed the Strategy Map concept as a complementary thel BEC ap-

proach. The strategy map links the performance indicatorsansal chain (causal dia-
gram) that helps managers to translate, test and commutiieatenderstanding about
the business system and supports them to implement and résevornpany’s strat-

egy. Kaplan and Norton (2001a, p10) define a strategy map asitallcomprehen-

sive architecture for describing strategy. It provides the fatimo for designing a Bal-

anced Scorecard that is the cornerstone of a strategigamaaat system."

The BSC approach is consistent with the systemic and dynameéwlof business
management and performance measurement (Warren, 2002). Th&wivek recog-

nizes the interconnectedness within the business and the impoofanoderstanding
the cause-and-effect relationships and its dynamics as a eondiasis to infer future
performance and define objectives and action plans. Stratggy, m@mbined with bal-
anced scorecards, provide an integrated and holistic approach to $usaryement
and performance measurement. The strategy map describegemaeeception about
the structure of the business system and the performance smaastiinformation from

BSC captures the essential of system behaviour. In trepeaive, Kaplan and Norton
suggested that “the BSC can be captured in a system dynamickthaiderovides a

comprehensive, quantified model of a business’s value creatioassfofKaplan and
Norton, 1996b, p67).

We can find few literatures that point out some problems andationis of the BSC
approach. Norreklit (2000, 2003) provide critical examinations of the &SGmptions
and concepts. The inadequate definition and utilization of the peafere indicators
has been pointed out as a main cause of the failure of the BSCoadptigle and
Schiemann, 1996; Stivers et al., 1998; Ittner and Larcker,1998; 20@8gCal., 2000).



In particular, Ittner and Larcker (2003) reported that only 23% of igd@nizations sur-
veyed, consistently build and test causal models to support the idafioftthe per-
formance indicators, but these organizations achieved on aveettge performance.
Akkermans and van Oorschot (2002) point out some limitations on the BS(ptionce
and propose a methodology based on System Dynamics tools. Ittne2@3)I.didn’t
find relevant performance implications of the BSC utilizati@raam and Nijssen
(2004) found that BSC use that complements company strategy positiflagnced
the company performance, while the performance effect of @asumement-focused-
BSC use was significantly negative. The results of sinauldiased experiments re-
ported by Strohhecker (2004) suggestiettgative influence of BSC utilization on perform-
ance

Empirical research about the performance implications ef BEC process is still
scarce. Companies around the world continue making large invéstofanoney, time
and effort on the development and implementation of BSC systeamsidering that
these investments are based on the hypotheses that the use lth8&@ositive impact
on the performance of the organization, it is important to obtain sartEnces
whether these systems lead to an improvement of stragegiunlg and decision effec-
tiveness.

Mental Models

Mental model is a conceptual representation of the structuae ekternal system form
by people and they use them to describe, explain and predict systawvids (Craik,
1943, Johnson-Laird, 1983). Mental models have been commonly used im slyste
namics and system thinking literature (Forrester, 1961; Sdi99®,; Doyle and Ford,
1998, 1999; Sterman, 2000).

Doyle and Ford (1998, 1999) defined this concept asmental model of a dynamic
system is a relatively enduring and accessible, but limited;nimte€onceptual repre-
sentation of an external system (historical, existing, or projectda)se structure is
analogous to the perceived structure of that system.”

Managers build their mental models as they interact with thedass system they are
embedded in. Experimental research has suggested thabwleuekers perform better
if the structure of their mental models is more similath® structure of the external
system they imitate (Kieras and Bovair, 1984; Rowe and Cooke, 189&an and
Randel, 1998; Ritchie-Dunham, 2001, 2002).

Double-loop learning

Managers make decisions and learn in the context of feedback(fmpsster, 1961).
In the single-loop learning, managers compare information abowstdtee of real sys-
tem to goals, perceive deviations between desired and atztesd, and make the deci-
sions they believe will move the system towards the desiaté. $n this process, the
information about system state is the only input to decision maRBungdecisions are
the result of applying decision rules and policies that are mgaverned by manager’
mental models (Sterman, 2000).
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Figure 1 — Single and Double-loop learning
Source: Adapted from Sterman (2000, p19)

The single-loop learning does not change the managers’ mentalsmiodine double-
loop learning (Argyris, 1999), information about the business systaot @nly used to
make decisions within the context of existing frames, but akdsféack to alter man-
agers’ mental models (Sterman, 2000). As their mental motlalsge, managers define
new strategies and policies (figure 1).
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Figure 2 — Dynamic model of decision-making process
Adapted from Doyle, Ford, Radzicki and Trees (2001, p 22)



Doyle, Ford, Radzicki and Trees (2001) based their work on a dynaodiel rof deci-
sion-making process based on 5 feedback loops (figure 2: C1 - heusisod mak-
ing loop; C2 - attention/scanning loop; C3 - mental model formagierzeption loop;
C4 - strategy/objectives-changing loop; C5 mental model basedodeciaking loop)
where the mental models assume a central role. In that maalehgers define strategy
and objectives by mentally simulating their mental modetsiaithe business system.

As represented in figure 2, cognitive limitations and qualityesfdback information
influence the potential for strategic learning and performandenityng managers’ un-
derstanding about the real business system. Cognitive lionisatire related to the
bounded rationality of human decision-making (Simon, 1999). Due to limitatibns
cognitive capabilities, first - the mental models managsesto make their decisions are
deficient — second — even managers form adequate mental models)adte to cor-
rectly infer the dynamic behaviour of the business systemn{8ter2000). Strategic
learning process is also strongly influenced by the quality of #dbéek information
about the state of the business system. Managers useftratation to interact with
business system. Using imperfect feedback information, neamdeave an incorrect
perception about the impact of their decisions, and so theynat#e to build their men-
tal models accurately (Sterman, 2000). Thus, performanceunseaent systems must
be defined in order to overcome or minimize these baroesgategic learning.

Improving Double-Loop Learning and Performance with the Balanced Scorecard
approach

In the BSC framework, strategies are seen as hypotheseag&tarshould be able to
test, validate, and review these hypotheses. The BSC prdeildéisack information to
managers in a way that they gain a better understanding of tme$sisystem and im-
prove the strategy. Kaplan and Norton (2001a) propose that the BSC &pgpupaorts
what Argyris (1999) calls double-loop learning that facilitatesstihategic learning of
the managers and leads to better performance.

Kaplan and Norton (2001b, pp152-155) describe that double-loop process of strategic
learning and adapting (figure 3), using three processes, asbéestrifigure 3: (1) Or-
ganizations use the BSC to link strategy to the budgeting prog@3sklanagement
meetings to review strategy are introduced; and (3)

“Finally a process for learning and adapting the strategy evolee initial BSC repre-
sents hypotheses about the strategy; at time of formulatisrthé best estimate of the
actions what would engender long-term financial success. Thecaobidesign process
makes the cause-and-effect linkages in the strategic hypotbegsist. As the score-
card is put in action and feedback systems begin their reportingual eggults, an or-
ganizations can test the hypotheses of its strategy.” (Kapld Norton, 2001b, p154).
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Figure 3 - Double-loop process to manage strategy

Adapted from Kaplan and Norton (2001a, p275)

In a continual process, managers use the BSC and strategyo meftect on the as-
sumptions that were used in the previous strategy. They réheeassumed cause-and-
effect relationships and identify new ones. Then they improve uhderstanding about
the business system and a new strategy can emerge (lapl&orton, 2001a, p316).

In other words, the BSC approach provides a process by which maoagerake ex-
plicit and improve their mental models about the business sy$tesy.adapt the com-
pany strategy and define the new short and middle term objectiveisnbiating their

mental models to infer the future behavior of the busisgstem.

Some simulation-based experiments have been carried out witdinthef testing the
effects of the BSC on performance. Ritchie-Dunham (2001, 2002) mulasion-based
research where subjects run a firm by interacting with @&systynamics-based micro
world found that the similarity of subject’s mental model posifivnediated the influ-
ence between the utilization of the BSC and the performahoeedns that the BSC
utilization positively influenced the mental model similaritydat positively influenced
the performance. The results of simulation-based experimepdsted by Strohhecker
(2004) suggested a negative influence of BSC utilization ooipeaince.



2. Research Model

This research focuses on how the level of BSC approach usedprotiess of strategy
review and implementation influences the double-loop learning efferss, and how
this type of learning influences the management performarceoiduct the research
we propose these variables and the following model of hypotkieze 4):

- Level of Scorecard — This variable represents the inteosigvel of BSC usage as a
comprehensive and balanced performance measurement systemwpevédionalized
this variable by considering two levels. In the low level, scig run the firm using a
financial scorecard; in the high level a balanced scaldsarsed;

- Level of Strategy Map — This variable represents the iityemislevel of Strategy Map
utilization as a tool of the BSC approatth support the process of strategy review and im-
plementation. We defined and operationalized this variable bydssimg two levels.

In the low level, subjects do not use the Strategy Map; in theléngh the Strategy
Map is used;

- Mental Model Similarity — The level of double-loop learningeefiveness due to the
process of strategy review and implementation (Kaplan andhNd001a) is viewed as
the improvement of manager mental models (Argyris, 1999, Ster2@0). Partici-

pants in the simulation task develop a mental model of the sirdutagness system.
As we know the structure of the simulated business systeng dapture the partici-
pants’ mental model, we can evaluate how it fits the sindilaality. This evaluation is
based on the measurement of the similarity between the strocttre elicited mental

models from the participants and the structure of the simulatedesassystem (Rowe
and Cooke, 1995; Ritchie-Dunham, 2002);

- Performance — The performance of this management task soafidte financial
value created by the firm. This value is estimated by sumnhi@g/¢arly discounted
economic profit or EVA (=NOPLAT - Capital Employed x WACC), (Clgpel, Koller
and Murrin, 2000, p150).
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Figure 4. Model of Hypotheses



Hypotheses 1:
If managers use the balanced performance measurement $y@tem®RSC in the proc-
ess of strategy review and implementation, they have a eféeetive double-loop

learning. It means that Level of Scorecard utilization paditivinfluences Mental
Model Similarity.

Hypotheses 2:

If managers use the strategy mapl of the BSC to suppostrategy review and imple-
mentation, they have a more effective double-loop learning. #nm¢hat Level of
Strategy Map utilization positively influences the Mental Mdgieilarity.

Hypotheses 3:
Mental Model Similarity positively influences Performandedhcial value creation).

Hypotheses 4:

Mental Model Similarity positively mediates the effeétLevel of Scorecard and the
effect of Level of Strategy Map, on Performance.
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Figure 5 — Overview of the simulator model
Source: Ritchie-Dunham (2002, p22)



In this simulation-based experiment, subjects interacted wsifsi@m dynamics micro
world (figure 5). We built this micro world by programming thensasystem dynamics
model that was developed and used by Ritchie-Dunham (2002, pp 89-132)esitin
Studio Expert 2003 of the Powersim system dynamics software
(http://www.powersim.com

Simulation Task

In order to compare some results with those obtained by Ritaimé&ddn (2002), we
designed this experiment by only making adjustments that werech&edarry out our

research. We used the same business case, model’ strgetune interfaces and initial
conditions that were used by Ritchie-Dunham (2002). The text andasonuiterfaces

were translated to Portuguese.

The participants run a realistic simulator of a wirelelectammunications firm by mak-
ing strategic decisions every six months for a simulation peficdven years (invest-
ment decisions in infrastructure, information technology and trairng, human re-
source decisions) in order to maximize the value creation.

The participants interacted with simulator by two differergriisices: a financial score-
card or a balanced scorecard. The initial conditions and théwtuaf the model were

the same for all participants. The participants werecakenake strategic decisions in
order maximize the value creation.

Subjects

This research was conducted at ISCTE (a business gradhata st Lisbon) and at
Galp Energia, one of the biggest Portuguese firms (the Pos@gilecompany). At the
ISCTE the group consisted of 14 undergraduate students in their déastfyBusiness
Degree. Their age ranged from 22 to 25 and they had no work expeA¢rigalp En-

ergia the task was performed by a group of 59 managers. Tleeinaged from 25 to
54 and they had an average 13 years of work experience. The mimtdak was indi-
vidual, anonymous and without rewards.

The participants had no experience with the simulator and tkeyhald no prior spe-
cific knowledge about wireless telecommunications business.

Apparatus

At the ISCTE, the experiment was carried out in a computerd&igrwith one par-
ticipant per computer. At Galp Energia, each participantopmed the simulation task
in his work place using his computer.

Each participant was provided a full experiment guide witldémographics question-
naire; (b) description and objective of the simulation téskcase text; (d) instructions
for accessing and starting the simulator in the computer net@yknstructions for

running the simulator; (f) questionnaire about strategy and objsctfug sheets for



strategy map review (only for participants using strategy n{ap)guestionnaire about
the relatedness of some simulator variables.

The decisions made on the simulation and its results were autaltyasiored in a pro-
tected spreadsheet on the participant’s computer. The game stappathtically when
the stop time of the simulation was reached.

Procedure

There were three different treatments:

A — The participant run the firm by using a financial scormcar

B — The participant run the firm by using a balanced scatecar

C — The participant run the firm by using a balanced scorecarcbaiedving a strategy
map

In the simulation experiment, the participants are involved irfdbhewing dynamical
decision-making processes:
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Figure 6 — Type of treatment and its dynamical decision-mgkiocess

As outlined in figures 6 and 7, treatments A and B had the samoedure. Procedure
for treatment C was different from previous as participagewed strategy map (fig-
ures 6 and 8).

The experimental procedures had the following steps: (1) The partisiare randomly
assigned to one of three treatments (A, B or C); (2) Thecjpants answered some
demographic questions; (3) they read the introduction with the ovesdfiption and
the objectives of the simulation task and then they read theelssstase study; it took
approximately 30 minutes on average.

- treatment A,B — (ab4) they read the instructions for aaugssiarting and running the
simulator; (ab5) they ran a first quick simulation to get usedatoe interfaces and
commands; (ab6) they ran a second and definitive simulation by makategsc deci-



sions every six months for a period of seven years that yieldeéoudecisions; during
this simulation, they answered a questionnaire about strategdyobjectives every 2
years of simulation time; it lasted approximately 60 minutesvenage; (ab7) after the
definitive simulation, the participants answered a questionadioet their final under-
standing of the relatedness between some strategic varlidg@eagsources and deci-
sions; it lasted approximateB0 minutes on average.

A 4

v

Figure 7 — Experimental procedure for participants not using thee@grdMap — Treat-
ments A and B

- treatment C — (c4) the participants filled out the questioenai step ab7; this
guestionnaire captured their first understanding about business ststgrwere given

an initial strategy map which was based on the results of thatigueaire (c5) step
ab4; (c6) step abb; (c7) participants performed the definitimelation as step ab6 but
in this treatment they reviewed the strategy map as (@8)i;they drafted the final strat-
egy map; this map represented their final understanding about $sisystem.
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Figure 8- Experimental procedure for participants using the §adap - Treatment C



Independent Variables

The research model considers two independent variables, thieof &eorecard and the
Level of Strategy Map. The Level of Scorecard was operatmmthbs low — partici-

pants run the simulator using a financial scorecard (figure 9higbr— balanced score-
card (figure 10).
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Figure 9 — Low Level of Scorecard: simulator interface \iithncial scorecard
Adapted from: Ritchie-Dunham, 2002, pp162-163
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Figure 10 — High Level of Scorecard: simulator interfadh Walanced scorecard
Adapted from: Ritchie-Dunham, 2002, pp164-165

The financial scorecard exhibits EBIT and other measuresitlatirectly related to its
calculation (Ritchie-Dunham, 2002, ppl62-163). The balanced scorecarthcate




graphically separates the four sections related to the fospextives of BSC approach
(Ritchie-Dunham, 2002, pp164-165).

The Level of Strategy Map was operationalized as low — paaitics run the simulator
not using strategy map - or high — participants run the simutgtasing strategy map
to define and review the strategy and objectives.
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Figure 11 — High Level of Strategy Map: Example of causajrdias participants used
to review their understanding about simulated business system.diHgsm also
shows the representative network of the simulated businst&srsy

The strategy map (example in figure 11) that was used inxp&rienent consists of a
causal diagram with the same variables that are considetbd questionnaire regard-
ing to participants’ initial understanding of business systemsdtariables are spa-
tially organized in four set of indicators respectively edato the four perspectives of
the balanced scorecard.

The answers to the questionnaire about the relatedness dilesnjgelded a network
diagram by using the Pathfinder procedure (Schvaneveldt, 1990; Row€cmke,
1995). Participants were given an initial strategy map thatdsawn from the previous
network diagram. This diagram represents the initial glyatteat is expressed as a sys-
tem of causal hypotheses. During the simulation, participastasked to review the
causal diagram. They cut or insert links so that the calisgtam expresses their last
understanding about the simulated business system.



Treatmen Description Level of Scorecard | Level of Strategy Ma
A Low LSC, Low LSM -1 -1
B High LSC, Low LSM 1 -1
C High LSC, High LSM 1 1

Table 1 — Operationalization of independent variables as durangbles

Other Independent Variables

Variable Description
Time Total time participants spent on task
Age Participant age

Simulation | Previous experience with management simulators (dummy variable)
Experience | no previous experience: 0; previous experience: 1

Table 2 — Other Independent Variables
Dependent Variables

Mental Model Similarity represents the participants’ uni@demding of the structure of
simulated business system. This variable measures thargiyrbetween the structure
of subjects’ mental models and the structure of the simulaisihess system (figure
11).

In the treatments A and B, after simulation participantseveesked to fill out a ques-
tionnaire about their final understanding on simulated businessrsyist¢his question-
naire subjects rated on a nine-point scale, the relatednessnofiéd in the simulation
model (Ritchie-Dunham, 2002, p65). These 14 variables are relevanti¢ostand the
simulated business system. The 91 #@414)/2 - pairings were presented in random
order. The structure of participant mental’ model is eliclig this pair-wise relatedness
ratings technique. These elicited pairings are transformediinetwork diagram using
a network scaling procedure Pathfinder (Schvaneveldt, 1990).

In the treatment C, after simulation subjects produce a $inategy map which links
the same 14 nodes of simulation model. This final strategy ef@psents the elicited
structure of subjects’ mental model.

Mental Model Similarity was operationalized as the sintyeof these two networks -
network of elicited subjects’ mental model and network of the 14 nadésrelated

links that explain most of the structure of simulated businestermy(figure 11). This
network similarity was measured by using the Pathfinder proce@aievaneveldt,

1990; Rowe and Cooke, 1995; Ritchie-Dunham, 2002). Mental Model Siypnilanges

from O (low similarity) to 1 (high similarity) and is detemed by the number of links
in common divided by the total number of links in both networks.



Task performance was measured by total financial valueiamedthis value is esti-
mated by summing the discounted economic profit or economic valud éeldet Op-
erating Profit Less Amortizations and Taxes — WACC x Totait@hEmployed) of the
firm over the seven simulated years (Copeland, Koller andiv@000, p150).

The participants were clearly informed that the performaneasurement only took
into account the value added of the firm and so the firm contirighge would not be
taken in consideration. This condition forced participants t@bb#lance decisions in
developing strategic resources.

Specific Variables of Treatment C
Since we have data about initial and final mental modellaintyi for participants of

group C, we can determine and evaluate their mental model improzéiie can also
measure the effect of these variables on Mental Modal&8ity and Performance.

Description
C-IMMS Mental model similarity measured before simulataskt
C-MMI Mental model improvement by simulation task = MMSWMS

Table 3 — Specific Variables of Treatment C

4, Results

The 73 participants were distributed across the three treatrttezdsment A — 24
treatment B — 24 treatment C — 25). Table 4 presents minimaximum and mean
values, and standard deviations for the dependent variables fotreatment group.
Table 5 shows the test of significance for difference iamadetween treatment groups.

The participants of group C - balanced scorecard interface eatdgst map review -
showed on average the best MMS (mean=0.443, sd=0.126, min=0.26%).#G8) and
the best Performance (mean=628, sd=409, min=-432, max=1089). As sh@hteib,t
the mean values of MMS and Performance for group C werdisantly different from
same values for groups A (mean dif=0.189, p<0.001) and B (meshHi#, p<0.001).

On average, the participants of group B - balanced scorecar@detershowed a better
MMS (mean=0.295, sd=0.077, min=0.093, max=0.429) than participant®ub & -
financial scorecard interface - (mean=0.250, sd=0.080, min=0m2250.406). Table

5 shows that such difference was significant at p<0.05 (mean dif5(h88943). Par-
ticipants of group A (mean=329, sd=450, min=-715, max=854) and particiBants
(mean=310, sd=687, min=-1148, max=1189) showed similar mean value fornfRerf
ance (mean dif=18, p=0.925).



Trea | Description Mental Model Similarity Performance
meni
Min/Max Mean | Standard | Min/Max | Mean | Standard
Deviation Deviation
A Low LSC, 0.122/ 0.250 0.080 -715/ 329 450
Low LSM 0.406 854
B High LSC, 0.093/ 0.295 0.077 -1148/ 310 687
Low LSM 0.429 1189
C High LSC, 0.205/ 0.443 0.126 -432/ 628 409
High LSM 0.708 1089
Cbs | Before simula- 0.128/ 0.253 0.089
tion 0.442

Table 4 — Means and standard deviations for Mental Model Sipilmd Performance
for each treatment group

Pair Mental Model Similarity Performance
Mean Standard | Significance Mean Standard | Significance
Difference Deviation p Difference Deviation p

A-B -0.045** 0.102 0.043 18 939 0.925
B-C -0.144*** 0.153 0.000 -313** 632 0.023
A-C -0.189*** 0.139 0.000 -295** 592 0.023
A-Cbs 0.002 0.118 0.950
B-Cbs 0.043* 0.121 0.093
C-Cbs 0.190*** 0.135 0.000

*p<0.1; **p<0.05; ***p<0.001

Table 5 — Test of significance for difference in means batvieeatment groups

The mean value for Mental Model Similarity for treatmenbéfore simulation (table
4), represents the participants’ understanding about the simulaieddsusystem after
they read the text case. Table 5 shows that the differanoeans for MMS between C
and Cbs was very significant (mean dif=0.190, p<0.001). We cathatt¢he differ-
ences in means for MMS from participants A/B and particip@ibefore simulation
were not very significant.

The correlation (Pearson) matrix for the regression analgsigsssignificant effects of
the independent variables LSC and LSM on the Mental Model Sityildable 6).
There are significant effects of Mental Model Similarity Performance. There are



suggestive effects of Simulation Experience on Performancg.do8s not significantly
correlate with Performance. There is not a significantacteon effect of Time and Age

on Mental Model Similarity or Performance.

MMS Performance

Time 0.051 -0.012
Age 0.057 0.008
Simulation 0.087 0.226*
Experience

LSC 0.448*** 0.126
LSM 0.641*** 0.272**
MMS 0.494***

*p<0.1; **p<0.05; **p<0.001
Table 6 — Correlations (Pearson)

Table 7 shows the correlations (Pearson) for variables |Méaital Model Similarity,
Mental Model Improvement, MMS and Performance within group C. Uneéagigc
there does not seem to be a significant effect of InitialttddeModel Similarity on Men-
tal Model Similarity or Performance. It suggests that IBIMhat represents the initial
understanding about the simulated business system, does not sigwificBnénces
Performance. Thus, Performance is mostly driven by MMI, thptesents the im-
provement of participant’ understanding about the simulator.

MMS Performanct
C - Initial Mental Model Similarity 0.246 -0.033
C - Mental Model Improvement 0.770*** 0.633***

*%p<0.001

Table 7 — Correlations (Pearson) for variables Initial Mektatlel Similarity, Mental
Model Improvement, MMS and Performance within group C

Table 8 shows the results of multi-regressing Mental M8dwilarity and Performance
on the independent variables. The regressions were run on standaadiresifor all
variables to be able to directly compare the relative effeeach independent variable
on the dependent variable.

As shown in table 8, regressing Mental Model Similarity onitidependent variables
(R%adjusted=0.450, p<0.001) showed a very significant effect for LSMD.615,
p<0.001), not very significant effect for LSC=0.166, p<0.137) and no significant ef-
fect for other variables. Regression on PerformancadjBsted =0.195, p=0.004)
showed a significant positive effect for MMS=0.550, p<0.001), a suggestive effect



for Simulation Experience €0.278, p=0.028) and no significant effect for other vari-

ables.
Independent Dependent Variables
Variables Mental Model Similarity Performance
Standardized | Significance | Standardize | Significance
Beta P Beta P
Time -0.025 0.811 0.004 0.973
Age 0.132 0.227 -0.123 0.357
Simulation Ex- -0.079 0.443 0.278** 0.028
perience
LSC 0.166 0.137 -0.154 0.264
LSM 0.615*** 0.000 0.072 0.656
MMS 0.540*** 0.001
Adjusted R 0.450 0.195

*p<0.1; **p<0.05; ***p<0.001

Table 8 - Regression results for all independent variables

We refined the regression model by performing a stepwisessign procedure in order
to exclude the variables that do not seem to significantly exptes dependent vari-
ables and to keep the most explanatory variables (figure 12).
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*p<0.1; ***p<0.001

Figure 12 — Regression model with explanatory variables remairong & stepwise

regression.
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Figure 13 — Regression for research model

As shown in figure 12, regressing Mental Model Similarity onrtiost explanatory in-
dependent variables {&djusted=0.453, p<0.001) showed a very strong effect for LSM
( =0.679, p<0.001). LSC was excluded, as the effect for thiahlarivas not signifi-
cant. Regression on Performancéa@usted =0.213 p<0.001) showed a very signifi-
cant effect for MMS (=0.421, p<0.001) and a suggestive effect for Simulation Experi-
ence (=0.212, p<0.1).

Figure 13 shows the regression model by considering the main earihlalt were de-
fined in the research model. Regression on Mental Model@ityi(R*adjusted=0.415,
p<0.001) showed not very significant effect for LSE{.167, p=0.115) and a very sig-
nificant effect for LSM (=0.557, p<0.001). Regression on PerformancadRsted
=0.233, p<0.001) showed a very significant effect for MMS)(494, p<0.001).

On average, the participants of group B - balanced scorecarfddatershowed a better
MMS than participants of group A - financial scorecardriatee - (table 4), and such
difference were significant (table 5). But the regressieulte did not point out a sig-
nificant positive effect for LSC on Mental Model SimilgrifThus, the present research
does not provide full support to Hypotheses H1 - the Level of Scdr@oaitively in-
fluences Mental Model Similarity.

These findings provide support for Hypotheses H2 - The Level ofe§yrdMap posi-
tively influences Mental Model Similarity and Hypotheses H3 ndeModel Similar-
ity positively influences Performance.

As shown in table 9, LSM significantly influences MMS. Theresgion analysis “Per-
formance (1)” shows a significant effect of LSM on Perforneas0.280, p<0.05).
When MMS is added to the regression analysis “Perform@)teMMS significantly
influences Performance £0.565, p<0.001) and the influence of LSM on Performance



decreases greatly and is not significant-0.034, p=0.810). These results provide sup-
port for the mediation of Mental Model Similarity on the effectha independent vari-
able Level of Strategy Map on the dependent variable Peafaren(Hypotheses H4).

Independer Dependent Variables

Variables | Mental Model Similarity Performance (1) Performance (2)

Standardize | Significance | Standardize« | Significance | Standardizer | Significance
Beta p Beta p Beta p

LSC 0.167 0.115 -0.016 0.905 -0.11¢ 0.372
LSM 0.557*** 0.000 0.280** 0.039 -0.034 0.810
MMS - - - - 0.565*** 0.000
Adjusted R 0.415 0.048 0.223

*p<0.1; **p<0.05; ***p<0.001

Table 9 - Regression Analysis: Test for Mediation of MMS

Hypothese Description Results

H1 The Level of Scorecard positively influences Not Full
Mental Model Similarity Supported

H2 The Level of Strategy Map positively influences  Supported
Mental Model Similarity

H3 Mental Model Similarity positively influences Supported
Performance

H4 Mental Model Similarity mediates the effect of Supported
Level of Strategy Map, on Performance.

Table 10 — Summary of Hypotheses Testing

5. Discussion

The results confirmed three of the four hypotheses. Using strategyn the process of
strategy review and implementation, significantly improvedntieetal model similarity
of participants, supporting Hypotheses H2. Thus, the strategypracess seems to
produce a more effective double-loop learning.

We identically found that improved mental model similarity ledbétter performance,
supporting Hypotheses H3. Therefore, the level of double-loop learriectieéness
(viewed as the improvement of mental models) seems to improwaga@ment per-
formance.



The results also confirmed the Hypotheses H4 (mediation of Mitatdel Similarity
on the effect of Level of Strategy Map on Performance).

On average, the participants of group B - balanced scorecarfddatershowed a better
MMS than participants of group A - financial scorecardriatee - (table 4), and such
difference in means were significant (table 5). It suggestadliSC had a positive ef-
fect on MMS. But the regression results did not point out a sigmifipositive effect for

LSC on Mental Model Similarity. Thus, the present research aaegrovide full sup-

port to Hypotheses H1 - the Level of Scorecard positively inflae Mental Model

Similarity. This inconsistency of results might be dua tmall sample size.

The lowest values for variables MMS and Performance Waned in participants of
group B - balanced scorecard interface. One can suggest thatdhis o the stress be-
tween accessing a lot of information, much more than particpeEngroup A with fi-
nancial scorecard interface, and misunderstand the indicatoctustrand behaviour.
This stress could have lead to desperation and to eaxlirggip.

As we hypothesized, the results suggest that the processiteiggtmap review gave
participants C a powerful tool that accelerated their legrabout the simulated busi-
ness system. However, we did not expect such a great inflaeted of Strategy Map
on Mental Model Similarity. One possible explanation came frormfanmal debrief-
ing with some participants of group C. It might be that atigi@ants of group C ac-
cessed the initial strategy map just after finishing ptactsimulation, they tested their
first assumptions more effectively and then they might hakentaome advantage by
starting definitive simulation with a better understanding abousithalator. A second
explanation might be that participants with high LSM gave nattention to their men-
tal models eliciting task (by reviewing the strategy m#gan participants with low
LSM (by answering the final questionnaire).

The differences in means for MMS from participants A/B andigpants C-before
simulation were not very significant (table 5). It suggestspheticipants from group A
(using financial scorecard) and B (using balanced scorecard witrategy map) on
average did not learn much about the simulated businesmsyste

Interestingly, the results indicated that the total timeigpants spent on the task did
not influence Mental Model Similarity or Performance.

As we expected, previous experience in business game simydasitigely influenced
participant performance.

6. Managerial Implications

This research provides some contributions to the manageriabfiedtiowing: (1) how

to use the BSC approach in order to improve double-loop learning aodnpante; (2)
to what extent managers improve strategic learning by usimgescausal diagrams; (3)



how a better understanding of cause-and-effect relationshipstteagserformance im-
provement and (4) how managers’ mental models influence organaagberformance.

As it happened in some previous research (for example Ittnér 20@3; Braam and
Nijssen, 2004; Strohhecker, 2004), this work did not find significaigieeces that by
using the BSC as a performance measurement system, maeagensiore effectively
about the business system and improve organization performance.

The results about the strong impact of the causal diagraesw@vocess (strategy map)
on learning and performance, confirms that the feedback prémessdeling and re-
viewing manager assumptions about cause-and-effect relationshgsstb a better un-
derstanding of the business context and organization performance.

The two previous findings seem to indicate that the BSC usagdeals to improve-
ment of organization performance if managers do understandtise-and-effect rela-
tionships that link drivers and future financial performance. fiwiings seem to con-
firm what Ittner and Larcker (2003) pointed out that many compdaiksl in using
balanced scorecard because managers made little attempidéd amd validate their
understanding about the causal relationships between non-finanaatansl and future
financial performance.

As it was suggested by previous research (Ritchie-Dunham, 2082jewtically found
that improved mental model similarity led to better performeafidie results also indi-
cate the mediation effect of Mental Model Similarity on #ffect of the manner that
BSC approach is used on performance.

In general terms, these findings reinforce the importandeeoMental Model construct
to investigate how managers learn about business systemss angbaict on manage-
ment performance in dynamical decision-making processes. In partitusaresearch
points out that to improve mental models managers should deaVevithsimple sys-
tems thinking approaches like causal diagrams to model and rtheé@winderstanding
about the business context.
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