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ABSTRACT

This paper presents an application of the Analytic Hierarchy Process (AHP) to support the creation of a strategy map. A
strategy map is a representation of the cause-effect relationships between strategic objectives of a Balanced Scorecard
(BSC). The method proposed establishes the relationships that are important within the strategy map. The case of seven
companies is presented, where the method is applied and the results are compared with the actual maps defined by the
companies. The comparison is made to determine in which extend the proposed method is useful for establishing the

causal relationships in a strategy map.
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1. Introduction

Neely [1] in his review of the ISI Web of Science data-
base found 1352 papers published in 546 different jour-
nals containing the phrase “performance measurement”
in their title, abstract or keywords. This is a measure of
the importance of the subject in the literature. He also
found that more than 80% of these papers were published
after January 1995, which means that the subject has
been received attention only recently. The Balanced
Scorecard (BSC) is the performance measurement sys-
tem most cited in the literature and that has become very
popular among practitioners. [1,2]. The BSC [3,4] was
developed by Kaplan and Norton originally as manage-
ment control system, but it has developed to become a
complete strategic management system [5-7].

The strategy map is part of the BSC. It is composed of
a set of strategic objectives linked by cause-effect rela-
tionships [8]. The relationships are defined by managers
of firms in a subjective matter [9]. In the same way, Qu-
ezada et al. [10] propose a methodology to build a strat-
egy map, based on the way companies actually do it.

In the literature, it was found that a small number of
authors use quantitative methods to model performance
measurements. Some of them use the Analytic Hierarchy
Process (AHP) [11,12], such as those proposed by Cheng
et al. [13], Bittici et al. [14] Lee et al. [15], Sarkis [16]
and Temur et al. [17]. Others such as Yurdakul [18] and
Yurdakul and Ic [19] use the Analytic Network Process
(ANP) [20]. Other authors, such as Huang et al., [21],
Tseng [22] and Yuksel and Dagdeviren [23] utilize AHP/
ANP to support the modeling of a Balanced Scorecard.
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In all the cases where AHP and/or ANP are used, the
relationships are pre-defined so what they do is to assign
priorities to the strategy objectives. In this work, a
mechanism to get those relevant relationships is pro-
posed.

As stated above, a strategy map is a graphical repre-
sentation of the strategy of a firm. It contains strategic
objectives, which are classified into four perspectives: (a)
Finances, (b) Clients, (c) Internal Processes and (d)
Growth & Development. The objectives are linked ac-
cording to a causal relationship.

Figure 1 shows a representation of a strategy map,
where the nodes correspond to strategic objectives and
the arcs correspond to cause-effect relationships.

The strategy map is modeled as hierarchy, where all
the nodes of one level are initially connected to all the
levels of the immediate lower level. An initial node is
added (level 0).
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Internal
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Figure 1. Strategy map.
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Figure 2 shows an example of a hierarchical model.
What the method does is to estimate the “priority” of
every arc and select those that are “more important™.

2. The Method

The method works at follows:
For the top node (level 0) and level 1:

wt = priority of node j of level 1

J
For any level K and level K+1, let’s consider a node j
and a node i ( Figure 3).
Using AHP techniques, the importance of any node i
in relation to a node i can be estimated.
Let

a; = importance of node i in relation to a parent node j

Wf = importance of node j in level K

The importance of the relationship between a node j

and a node i is calculated as:
K - -
b, =a;w; Vi, j Q

Clearly

Zb” =1Vj 2)

The next step is the selection of those relationships
(arcs) that are “important”. The arcs i-j with the highest
importance that account for the 80% of the importance
are selected. This calculation is repeated for all the lev-
els.

However, in a strategy map, there must be always a
path from any node to the top node, but this method may
fail in doing this. So, when a node is not connected, the
arc with the highest importance connected to it is added.

This is a variation of the method proposed by Quezada
and Quintero [24], who uses a different method for se-
lecting the “important” arcs they do not make any valida-
tion of their proposal, which is the main purpose of this

work.

Finances
Clients

Internal Processes

Growth &
Development

Figure 2. Hierarchical model of a strategy map.
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Figure 3. Relationships between levels.

3. Evaluation of the Method

The method was applied in 7 companies. They will be
called E1, E2, E3, E4, E5, E6 and E7. Table 1 shows the
type of products and services they offer. The application
aims at comparing the actual strategy map with that ob-
tained with the method. The comparison is made to de-
termine in which extend the proposed method is useful
for establishing the causal relationships in a strategy
map.

As an illustration, the case of company E2 is described.
Figure 4 depicts the initial hierarchical model, where all
the nodes (objectives) of a level are connected to all the
nodes (objectives) of the subsequent level. The impor-
tance of every relationship is estimated using AHP tech-
niques [11]. Then the importance of every relationship is
weighed by the importance of corresponding parent node.
The result of this operation is shown in Figure 5. Finally,
those relationships that account the 80% of importance
are selected and the rests are eliminated. They are high-
lighted in Figure 5. It should be noted that it was neces-
sary to add “unimportant” relationships to the strategy
map in order to avoid leaving nodes without a connection,
which is the case of those relationships drawn with a
different type of line in Figure 5. For the same reason,
all the arcs from the finances perspective to the clients’
perspective were maintained.

Finally, Figure 6 shows the strategy map of company
E2, which was obtained by deleting all the “unimportant”
relationships.

Table 1. Products/services of companies.

Company Product/Service
El Steel coating
E2 Plastic
E3 Electric generation
E4 Graphic printing
E5 Chemical products
E6 Forestry
E7 Plagues control
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Figure 4. Initial hierarchical model.
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Figure 5. Final hierarchical model.

The following indicators are calculated for the result-
ing strategy map

Al = accumulated importance of the relationships be-
tween two levels.

RI = accumulated importance of the relationships be-
tween two levels divided by the number of relationships
between the levels.

AAIl = average (over the levels) of the accumulated
importance of the relationships between two levels.
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ARI = average (over the levels) of the accumulated
importance of the relationships between two levels per
number of relationships between the levels.

In the case of company E2 the values are:

Accumulated importance of the relationships between
level 2 and 3 = 83.8%

Accumulated importance of the relationships between
level 3 and 4 = 91.0%

Accumulated importance of the relationships between
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Figure 6. Strategy map of company E2.

two levels divided by the number of relationships be-
tween levels 2 and 3 = 83.8/7 = 14.0%

Accumulated importance of the relationships between
two levels divided by the number of relationships be-
tween levels 3 and 4 = 83.8/7 = 15.2%

For the seven companies, these indicators were calcu-
lated for the strategy map obtained with the proposed
method as well as for the strategy map defined by the
company (when available).

The Average Accumulated Indicator (AAI) expresses
the percentage of the relationships that are considered
“relevant”. It is over 80%, because normally it necessary
either to add more relationships to connect the bottom
level with the top level or the accumulated value of the
relationships is not 80% exactly. The Average of the Ac-
cumulated Relationships per Number of Relationships
(ARI) is a measure of how relevant is every relationship
of the strategy map.

It should be noted that in the case of the propose
method, AAI is equal or higher than one of the actual
strategy map. It means that the proposed method choose
more “relevant” relationships. The value of ARI indicates
that, in the case of the proposed method, the importance
of the selected relationships is higher, but without in-
creasing the number of relationships.

The figures show that what a method is doing is ob-
taining a balance between the importance of the relation-
ships and the number of them. In other words, the method
tries to reduce the number of relationships of the strategy
map and at the same time it tries to increase their impor-
tance.
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Table 2. Indicators of company E2.

Indicators of Strategy Map

Level
Al (%) Selected Relationships RI1 (%)
2-3 83.8 6 14.0
3-4 91.0 6 15.2
Average 87.4 14.6

Table 3. Indicators of the 7 companies.

Indicators (%)

Firm PrigggzgyM'\g?ﬁo d Current Strategy Map

AAI ARI AAI ARI
El 89.7 15.8 84.5 15.8
E2 87.4 14.6 85.1 14.2
E3 94.2 251 N/A N/A
E4 86.0 16.1 61.7 14.2
E5 80.5 8.3 60.4 7.6
E6 89.3 15.8 62.3 10.4
E7 85.1 18.2 N/A N/A
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4. Conclusions

This paper has presented a quantitative method to obtain
the causal relationships of a strategy map. It was found
that the method obtains relationships that are more im-
portant than those which are included in the current
strategy maps of the companies under study. Those rela-
tionships had been obtained in a traditional way.

This is a good indication that the method may be a
better way for obtaining causal relationships in a strategy
map than using just intuition.

The method considers that a strategy map can be mod-
eled as a hierarchy, which is not always possible. For this
reason, it is proposed to evaluate in future research the
use of the Analytic Network Process (ANP).
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