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Abstract
A successful S&OP implementation can bring many benefits to organizations, and after its implementation, the S&OP
process can evolve and reach higher levels of maturity. Considering that, only through a measurement system, goals and
benefits can be achieved, thus, it is essential to assess S&OP maturity level. Many papers on literature adopt a quantitative
perspective on S&OP, but just few of them deal with uncertainty present in S&OP decision-making, such as maturity
model assessment process that carries subjectivity and uncertainty. Thus, this study proposes a decision making model
based on fuzzy theory to evaluate and to categorize S&OP maturity levels and to suggest strategies to increase S&OP
maturity. A pilot application was conducted in two manufacturing organizations that have implemented the S&OP process.
The results, according to the performance presented, suggest different actions must be taken in terms of ensuring enablers
to S&OP implementation.
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1. Introduction
Sales & Operations Planning process can be conceptualized as a process that unites different business plans in
a single integrated set of plans (Association for Operations Management, 2009). The process has the intention to
balance demand and supply and link strategic and operational plans of the company (Wallace, 2004; Muzumdar
& Fontanella, 2006; Lapide, 2005a; 2006; Feng et al., 2008; Association for Operations Management, 2009;
Wight, 2009; Voluntary Interindustry Commerce Solutions, 2010; Thomé et al., 2012a), in which decisions are made
at a tactical level, and which mainly covers middle and top management (Moon, 2006; Ivert & Jonsson, 2010;
Lapide, 2011). S&OP has become a key process in organizations since it allows a holistic planning, balances demand
and supply and integrates organizational functions, as well as strategic and operational plans (Affonso et al., 2008;
Tuomikangas & Kaipia, 2014; Ivert et al., 2015a, b). When properly implemented, S&OP can lead to a responsive
supply chain (Lapide, 2004) and add value to the firm (Thomé et al., 2012a; 2014).
After S&OP implementation, process cycles are performed and the process is then incorporated in the
organization, making the process progress, resulting in higher levels of communication and internal collaboration,
as well as bringing solutions and preventing problems (Voluntary Interindustry Commerce Solutions, 2010).
The evolution of the process involves different degrees of maturity, making it possible to evaluate, classify and
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ensure means of measuring its progress over time (Grimson & Pyke, 2007). The use of maturity models is an
effective way to measure the evolutionary stage of the S&OP process. A process with a high level of maturity
includes a review of deviations from operational plans, budgets and supply plans with respect to organizational
goals (Bower, 2005). In discussion regarding an “ideal” S&OP process, Lapide (2005a) stated about the stages
that “while they can never all be executed to the fullest extent, they represent an ideal process toward which
companies should evolve, yielding and improving supply chain management”.
In order to reach higher levels in the S&OP process, it is essential that the number of relationships and
collaboration between suppliers and consumers be increased. In addition, there must be alignment between
S&OP plans with customers’ and suppliers’ plans to obtain an even higher level of maturity (Lapide, 2005b).
As stated by Noroozi & Wikner (2017), performance measurement is instrumental in providing information
on whether the expected benefits have been obtained. Thus, S&OP measurement is critical to its success and
of great importance to both performance and improvement of the process. Thus, it is important to control
S&OP process, and this can be accomplished by evaluating the stages of maturity achieved by the process in
the course of its cycles.
According to Thomé et al. (2012a) there are few studies that address maturity models in an integrated
perspective. In addition, few studies show how maturity models can be applied in illustrative cases or in real
situations. More recent research started to realize the importance of studying real contexts, for example,
Goh & Eldridge (2015) explore S&OP in two companies in the context of new product introduction, in which
data available in the supply chains was gathered and assessed according to an S&OP maturity framework.
Hulthén et al. (2016) evaluated S&OP maturity in five companies. Wagner et al. (2014) also explored S&OP
maturity evaluation in a pharmaceutical company that was in the early stages of its implementation.
Fuzzy set theory has been widely used to deal with decision-making processes grounded on imprecise
and vague information of a problem (Abdullah et al., 2013). A fuzzy inference system is designed through on
an if-then framework based on specialists’ judgments that represent human reasoning and subjectivity from
decision makers (Osiro et al., 2014). As S&OP maturity evaluation is a highly subjective process and depends on
decision-makers’ opinions, fuzzy set theory is a suitable technique to address this kind of issue. Other existing
multi-criteria decision-making methods carry some limitations when compared to fuzzy set theory. For example, liner
programming demands historical data that can be difficult to obtain, qualitative data is challenging to interpret,
and AHP (Analytic Hierarchy Process) uses paired comparison scales that can be subject to human error. Also, fuzzy
inference system is highlighted in the literature because of its ability to capture and keep the experts’ knowledge
of the problem domain and to model human reasoning. This is possible because the technique is designed by
if-then scenarios designed by the experts. Moreover, the evaluation of alternatives by others approaches such as
AHP and ANP is limited (Osiro et al., 2014). In this context, this study proposes a decision making model based
on fuzzy inference to evaluate and to categorize different levels of maturity, and to suggest strategies to increase
S&OP maturity level. Several S&OP maturity models were analyzed aiming to identify enablers and dimensions
used by the existing models. Two decision making models based on fuzzy inference are developed based on S&OP
enablers and dimensions identified in the previous phase. The maturity level of S&OP can be classified into four
categories considering dimensions related to “process” and “tools”. According to the classification results, different
strategies are suggested to increase the maturity level. Computational implementation of the proposed model was
made using the software MATLAB. A pilot application was conducted aiming to evaluate the S&OP maturity of
two organizations of different economic sectors.

2. General aspects of maturity models
Maturity can be referred to as the development of a beginning phase to a more advanced one. This process
implies that intermediate phases are present in the course of maturity gaining. Maturity also means that a process
is effective and properly implemented in an organization, without the need of bureaucracies and regulations.
Common elements in maturity models are the notion of various dimensions evaluated and distinct maturity
levels, describing the performance of which dimension at different maturity levels (Fraser et al., 2002). In turn,
maturity levels can be characterized as the evolutionary path towards a more mature process, in which each
level presents its own goals that need to be achieved in order to get a higher maturity level. When the goals
of a given maturity level are reached, process improvements are gained, benefiting the whole organization
(Paulk, 1993; Lapide, 2005a).
Maturity models have their origins in quality management, with the Quality Management Grid introduced
to describe one organization’s typical behavior regarding six quality management dimensions, assessed at five
maturity levels (Fraser et al., 2002; Mendes Junior et al., 2016). The model was created in 1979 by Crosby (1979)
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and presented five levels: uncertainty, awakening, enlightenment, wisdom and certainty. After that, several
maturity models have emerged, highlighting the Capability Maturity Model (CMM) for software development
created by Paulk (1993) which intended to create a broader view of the previous model, aggregating more layers
of complexity. CMM also has five evolutionary stages: initial, repeatable, defined, managed and optimizing
(Mendes Junior et al., 2016). There are basically three types of maturity models: (i) maturity grids; (ii) Likert scale
based questionnaires; (iii) continuous models. Maturity grids are models with relatively low complexity, in
which texts are used to describe the activities performed in each evolutionary level. Likert scale questionnaires
evaluate best practices according to a pre-established ranking in which the performance resulted is related to a
given evolutionary stage. Continuous models are the most complete and complex among the existing maturity
levels, created based on CMM model, and having general and specific goals for each dimension and for each
evolutionary stage. It can be also noted that common elements in maturity models are the notion of various
dimensions evaluated at distinct maturity levels, describing the performance of which dimension at different
maturity levels (Fraser et al., 2002; Mendes Junior et al., 2016).

2.1. S&OP maturity models
The majority of the papers that explore S&OP under a quantitative perspective, in general, are based on
mathematical models and simulation (Affonso et al., 2008; Chen Ritzo et al., 2010; Feng et al., 2010; Wang et al.,
2012; Hahn & Kuhn, 2012; Mendoza et al., 2014; Lim et al., 2014; Zhao et al., 2014; Calfa et al., 2015;
Taşkın et al., 2015; Wochner et al., 2016), addressing mainly the issue of aggregate planning. As Olhager &
Rudberg (2002) state that the term “aggregate planning” is usually used to refer to mathematical programming
methods in relation to S&OP supply planning. Some other quantitative studies are survey based, like Thomé et al.
(2012b) and Thomé et al. (2014), intending to promote a bigger picture of the S&OP scenario. Some papers
that use an artificial intelligence technique were found. The study of Rexhausen et al. (2012) investigates the
relationship between S&OP integration and demand management performance. Chen & Sarker (2015) applied the
fuzzy linear programming method to deal with aggregate production planning. Rabbani et al. (2015) that used
evolutionary methods and particle swarm optimization also applied to aggregate planning. Thomas et al. (2011)
used neural network to address aggregate and operational planning issues. These approaches are suitable
for problems that they address, but in the case of S&OP maturity evaluation lacks a decision-making model
that can deal with uncertainty and subjectivity of decision-makers’ opinions. That is why it was chosen the
fuzzy set theory. As Zadeh (1965) states, fuzzy set theory is suitable for modeling decision making processes,
where imprecise and vague information are present. Thus, a relevant advantage from the application of fuzzy
inference for S&OP maturity evaluation refers to the possibility of modeling qualitative information and vague
and imprecise values of the variables related to S&OP.
S&OP process includes activities such as meetings, demand forecast, integration of plans and performance
measurement (Calfa et al., 2015). Various evaluation models of S&OP maturity have been proposed by different
authors (Wing & Perry, 2001; Lapide, 2005b; Ventana Research, 2006; Grimson & Pyke, 2007; Feng et al.,
2008; Viswanathan, 2009; Cecere et al., 2009). Among these S&OP maturity models, the model proposed by
Grimson & Pyke (2007) stands out since it presents a broader approach.
The framework elaborated by Grimson & Pyke (2007), consists of five evolutionary stages, analyzed in the
following categories: meetings and collaboration, organizational structure, measures of performance, information
technology, and integrated planning. This maturity model shows a more detailed analysis, which explores five
dimensions (meetings, organization, measurement, information technology, and integrated plan) using a five-level
process evolution scale - Without S&OP, S&OP Reactive, S&OP Standard, S&OP Advanced and S&OP Proactive.
The maturity model proposed by Lapide (2005b) presents four evolutionary stages, in which each of them
is analyzed in terms of meetings, alignment between demand and supply, and technology used to support
the process. The evolutionary path initiates with a Marginal process, and goes towards Rudimentary process,
Classical process and Ideal process. The fourth and final stage, “Ideal Process”, in practice cannot be achieved
by companies, but can be used as benchmarking in order to stimulate continuous improvement.
Cecere et al. (2009) state that S&OP must achieve a demand driven status, thus, as the process advances,
more balance can be incorporated in the organization. The framework developed on this research consists of
four steps: reacting, anticipating, collaborating, and orchestrating. Each step is evaluated in terms of balance
between demand and supply, S&OP process goals, ownership, and metrics used to measure the process. The last
step is the ideal situation that must be pursued.
Wagner et al. (2014) developed an S&OP maturity model in order to generate insights to an S&OP integrated
approach. The model presented consists of five maturity levels: underdeveloped; rudimentary; reactive; consistent;
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integrated and proactive. S&OP is assessed in this paper according to the following dimensions: (i) process
effectiveness that includes general characteristics and activities of the process; its sub-dimensions are: degree
of formalization, scope, and collaboration and alignment; (ii) process efficiency is related to plans integration
and alignment, composed of three sub-dimensions: information preparation and sharing; meeting efficiency;
and KPI measurement; (iii) people and organization (that is specifically directed to the two sub-dimensions:
roles, responsibility and organizational structure; and knowledge, commitment, and executive sponsorship);
(iv) and information technology (covers three sub-dimensions: systems and functionalities, degree of integration,
and master data).
Goh & Eldridge (2015) explore the S&OP maturity in situations in which a supplier is integrated in the
process. The authors take Grimson and Pyke’s maturity model and classify it into two main dimensions, internal
collaboration and external collaboration. Internal collaboration is related to the Stages 1 to 3 of Grimson and
Pyke’s model, and it enables closer interactions in daily operations, in which cross-functional integration is
key. Between internal and external collaboration there is, a gap that can be attributed to the Stages 4 and 5 of
the refereed maturity model. External Collaboration involves supplier and customer integration and CPFR.
The authors suggest that best-in-class organizations pursue internal and external collaboration integration.
Two companies were investigated, one that had internal S&OP practices and another that presented an S&OP
process with supplier integration. S&OP maturity degree of these companies were assessed based on Grimson
and Pyke’s maturity model. The results show that in both cases S&OP brought benefits regarding to supply
chain performance, being that the organization that presented the traditional S&OP gained lead time reduction
in new products introduction. The organization that had a supplier integrated into the S&OP process benefited
from improvements in forecast accuracy and inventory level reduction.
The most recent study that has arisen is a qualitative framework developed by Hulthén et al. (2016) that
aims to measure S&OP performance. This research is based on multiple case studies, among cross-industry
organizations, in which data has been collected in five companies. S&OP measures developed by this framework
were classified as effectiveness measures and efficiency measures. Effectiveness measures include demand
related measures (i.e. forecast accuracy), supply related measures (i.e. inventory measures), and other measures.
Efficiency measures are: process, organization, and people. Here, “process” is associated to demand and supply
planning conducted on a daily basis, and “organization” refers to communication of S&OP measures throughout
the organization, and “people” is related to cross-functional teams and participation of managers in the process.
Many metrics for S&OP maturity evaluation have been suggested in the literature. Table 1 summarizes
some metrics used by conceptual models of S&OP maturity evaluation. The most used metrics are “Integrated
Planning”, followed by “Technology”, “Meetings” and “Processes”. It demonstrates the importance of these
metrics, and it is a good sign they should be considered in the S&OP maturity model.

Technology
Reunions
Process
Process organization
Measurement
Integrated Planning
Service Level
Return of financial assets
Forecast accuracy
Goals
Ownership
Demand measures
Supply measures
Communication
Cross-functional teams
People/ organization
Activities/ characteristics
Supply chain integration

✓

✓
✓
✓
✓

✓
✓
✓
✓
✓
✓

Hulthén et al.
(2016)

Goh &
Eldridge
(2015)

Wagner et al.
(2014)

Cecere et al.
(2009)

Viswanathan
(2009)

Feng et al.
(2008)

Grimson &
Pyke (2007)

Ventana
Research
(2006)

Lapide
(2005b)

Wing &
Perry (2001)

Table 1. Metrics used by S&OP maturity models.

✓

✓
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✓
✓
✓

✓
✓

✓

✓

✓
✓

✓
✓

✓
✓
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✓
✓
✓
✓
✓

Taking into consideration that a successful S&OP implementation can ensure robustness and return the
expected benefits, it is believed that a successful S&OP implementation is also responsible for bringing maturity
to the process. In turn, a successful S&OP implementation depends on enablers, thus, they are critical elements
for maturity gaining.

3. Fuzzy set theory
Fuzzy set theory is suitable for addressing decision making situations involving qualitative factors and vague,
imprecise and subjective information (Herrera & Martínez, 2001). The fuzzy set theory was introduced by Zadeh
(1965), with the purpose to represent qualitative information (Wang, 2010) and imprecise quantitative data
(Herrera & Martínez, 2001). Fuzzy set can be conceptualized as a class of objects characterized by a membership
function, which assigns a certain degree of inclusion (Zadeh, 1965). Fuzzy logic differs from classical logic
due to its ability to allow that a certain objective can be partially included in more than one set at the same
time. Considering the characteristics of fuzzy systems, especially their ability to deal with uncertain information
and to deal with elements that are difficult to measure, such a technique is increasingly being applied to
management problems (Santos et al., 2012; Lima Junior & Carpinetti, 2013). Also, in decision making problems,
fuzzy rule-based classification methods are very suitable for categorizing sets of alternatives according to their
similarity (Lima Junior et al., 2013).

3.1. Fundamental definitions
3.1.1. Fuzzy set
Let X be the universe of discourse and x an element of X. The A set in X is characterized by a membership
function µA(x) that associates each point x in X to a real value in the interval [0,1] that represents the degree
of inclusion of x in A. Thus, µA(x) can assume any real value within the interval [0,1], and, if µA(x)=0, x does
not belong to the set A, however, if µA(x)=1, x is totally included in the set A. Therefore, have been ∀ x ∈ X,
A={{x, µA(x)}}, where the degree of membership of any x can be calculated by the membership functions
(Zadeh, 1965; Bellman & Zadeh, 1970; Zimmermann, 2010). A fuzzy number is a fuzzy set that attends the
properties of normality and convexity. A fuzzy set is normal if, and only if, there is at least one element with
µA(x)=1. A fuzzy set is convex if and only if ∀ x1 and x2 ∈ X and ∀ λ∈ [0,1], fA(x)[λx1+(1- λ)x2]≥min[fA(x1), fA(x2)]
(Zadeh, 1965; Bellman & Zadeh, 1970).

3.1.2. Triangular membership functions
When variables are represented by triangular fuzzy numbers (Figure 1), the membership function that
represents xi ∈ X can be obtained by Equation 1.

Figure 1. Triangular fuzzy number.
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0

 x −1
 i
 m −1
µ A ( xi ) = 
 u − xi
u − m

0


for xi < l ,
for a ≤ xi ≤ m,

(1)

for m ≤ xi ≤ u ,
for xi > u.

3.1.3. Intersection and union
Intersection and union of two fuzzy sets A and B can be obtained by means of its operations A∩B = min(µA(x),
µB(x)), ∀ x ∈ X and AUB = max(µA(x),µB(x)), ∀ x ∈ X (Zadeh, 1965; Bellman & Zadeh, 1970).

3.1.4. Algebraic operations with fuzzy numbers

Let A=(a1,b1,c1) and B=(a2,b2,c2) be a fuzzy number, algebraic operations of addition, multiplication,
subtraction, and division can be obtained, respectively, by Equation 2, Equation 3, Equation 4 and Equation 5
(Lima Junior et al., 2014).
A+ B =

( a1 + a2 , b1 + b2 , c1 + c2 )

(2)

A× B =

( a1 × a2 , b1 × b2 , c1 × c2 )

(3)

A− B =

( a1 − c2 , b1 − b2 , c1 − a2 )

(4)

A÷B =

( a1 ÷ c2 , b1 ÷ b2 , c1 ÷ a2 )

(5)

3.1.5. Fuzzy inference
The first fuzzy inference system was developed by Mamdani & Assilian (1975). The five main elements of a
fuzzy inference system can be seen in Figure 2. Table 2 describes each element of the system.

Figure 2. Elements of a Fuzzy inference system.
Table 2. Components of a fuzzy inference system.
Data base

Information base on which are defined: number of input variables and their type; values assigned to the linguistic
terms; fuzzy operators; mapping of linguistic variables in fuzzy sets.

Fuzzification

The input crisp variables are converted into fuzzy variables.

Rules base

Assignments of rules which have an if-then structure (if-then). It aims to describe specifications of the problem addressed.

Inference Structure Structure which develops a relationship between the resulting set of operations and the consequent of the rule.
Defuzzification

It assigns a crisp value from the conversion of values of fuzzy output variables using a defuzzification operator.
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The fuzzy inference system converts the inputs into fuzzy variables, which in turn are inserted into the
inference engine. The inference engine evaluates the fuzzy variables based on the rule base set defined by the
decision maker. These rules have “AND” connectors, which aim to represent the relationship between the linguistic
terms of the input variables. The following operators can be used to represent the “AND” intersection operation:
“minimum (min)” and “algebraic product”, represented by Equations 6 and 7 respectively (Pedrycz & Gomide, 2007).
Min ( µA ( x ) , µ B ( y ) )

(6)

µA ( x ) . µ B ( y )

(7)

Each decision rule activated generates an implication relationship. Then, the degree of membership of the
elements of the input set and the output set are related using an implication operator. The implication operator
“product” is represented by Equation 8. Examples of implication operators are “max-min” and “min”, presented
by Equations 8 and 6 respectively (Pedrycz & Gomide, 2007).

(

Max Min ( µA ( x ) , µ B ( y ) )

)

(8)

After applying the implication operator, the output of each rule is obtained, which is given by a composition
between a singleton set and the implication relation. This composition may be done, for example, by “max-min”
operator presented by Equation 9.

(

Max Min ( µ A ( x, y ) , µ B ( y, z ) )

)

(9)

Then, the resulting outputs of rules µIi(x) are aggregated in a single fuzzy set by an aggregation operator.
Thus, the aggregation operator “maximum (max)” presented by Equation 10 can be adopted (Kahraman, 2008).
Max ( µ I 1 ( x ) , µ I 2 ( x ) … µ In ( x ) )

(10)

The inference system ends at a defuzzification interface, in which an operator takes the values of
 one or more
fuzzy output variables into crisp values. Various operators can be used to perform defuzzification, such as Center
of Area (CoA), which takes into account all membership values for calculating the output value (Zimmermann,
2001). The result of the inference fuzzy is a set of infinite points that compose a solution region that represent
a linguistic variable. Center of Area (CoA) method was chosen because of its ability to consider all membership
values in a given region, assuming a centralized position. Defuzzification method can also be changed in order
to reach the best representation of decision maker’s opinions, for example, the Mean of Maximum (MOM) most
represents an optimistic view, and the First of Maximum (FOM) most represents a pessimist view. (Zimmermann,
1996). The method of Center of Area (CoA) is shown by Equation 11.
n

CoA =

∑ k =1µ A ( X K ) X K
n
∑ k =1µ A ( X K )

(11)

4. Methodology
The purpose of this section is to present methodological aspects that were adopted in this research.
In the initial phase a literature review on Sales and Operations Planning was carried out, in general.
The literature review aims to serve as theoretical basis, contributing to contextualization of the research
topic (Rowley & Slack, 2004). In order to identify the existing S&OP maturity models a literature review was
performed based on the Systematic Review of Literature method, according to Denyer & Tranfield (2009) and
Tranfield et al. (2003; 2004). In general, systematic literature review includes the following steps: (i) review
planning; (ii) conducting the review; and (iii) dissemination. Databases used in this research were: Scopus and
Web of Science. These databases were chosen because they contain a wide content regarding to the research
topic, as well as operations management, in general. The search period ranges from 1990 to 2017, as research
on S&OP, as well as on Supply Chain Management, generally began to emerge and gain popularity in the early
1990s. The search strings used were “Sales and Operations Planning” OR “S&OP” AND “Maturity” and “Sales
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and Operations Planning” OR “S&OP” AND “Evaluation”, because it is intended to identify relevant research
carried out on S&OP maturity evaluation. The first string returned 8 articles in the Scopus and 34 articles in
Web of Science. The second string returned 1 paper in Scopus and 34 papers in Web of Science. After applying
filters, it was identified 10 maturity models that were incorporated in the literature review on S&OP process
maturity models available on section 2 of this paper.
The quality appraisal of literature review was possible through considering papers contained in considering
International Journals on Operations Management. Inclusion and exclusion criteria were in general, the same
criterion proposed by Thomé et al. (2012a). Inclusion criteria were: international papers, books and book chapters
about S&OP. Only papers that presented S&OP maturity models were included in the literature review, since it
is the focus of this research, characterizing it as an inclusion criterion. Exclusion criteria were: papers in other
languages (other than English), theoretical and empirical papers on S&OP that had no maturity models, and
duplicate articles.
The first literature review was conducted by only one reviewer. Next, upon completion of initial filtering,
other participating researchers assessed and reviewed the literature ensuring relevance to the topic. In this review
performed by the other three researchers, no disagreement was found. The other authors added more relevant
papers, and suggestions from anonymous reviewers were included as the paper passed through the reviews.
The approach of this research has a qualitative-quantitative character, since the combination of the advantages
of each approach promotes greater robustness for this research. The combination of multiple observers, theories,
methods and data sources can help overcome the intrinsic bias of isolated methods (Denzin, 1978; Rocco et al.,
2003). This research is qualitative, as it uses the multi-case study method to investigate S&OP process, mainly
regarding its maturity; and it is quantitative because it applies mathematical modeling based on fuzzy logic to
evaluate the level of maturity of S&OP process in companies researched.
Regarding the organizations’ selection, the companies’ requirements were organizations that had already
implemented S&OP process and gained positive results. This allowed analyzation of the S&OP maturity level.
In addition, large size companies were chosen due to their greater complexity (Massey & Dawes, 2007), thus
S&OP maturity gaining would be even more challenging and its analyses could give richer results. Thus, two
organizations were included in this research, as they met the necessary requirements, namely: Company X: this
is a Brazilian company, working in agricultural machinery sector and Company Y, a German company, a writing
materials manufacturer.
Decision makers of the organizations presented were interviewed in order to define linguistic terms and
inference rules. The gathering of decision-makers view on S&OP maturity was carried out through a case study
research that was conducted with the presence of the interviewee. Main topics covered are available at Appendix
A. Data collection was performed with the support of a semi-structured questionnaire that included questions
about the maturity process and covered general aspects of S&OP as well. In addition, observations were made,
and documentation of the process was accessed. The choice of respondents was based on their proximity to
S&OP process, and these respondents were quite familiar with the process (being the sponsor of the process),
Sales Manager was interviewed in company X; and S&OP Manager was interviewed in company Y. The point of
view of each of the interviewees was a valuable source to the rules base building process that was performed
by the interviewer. This way, information given by the interviewees was used to build the rules base utilized in
fuzzy inference process.

5. Proposal of a model for performance evaluation of sales and operations planning
process
Steps taken to develop the S&OP maturity evaluation model consist of the following procedures:
• Step 1 - Criteria and sub-criteria formulation: criteria are based on studies about enablers for a successful S&OP
implementation that were identified through empirical evidences based on Pedroso et al. (2016). S&OP enablers
(treated here as sub-criteria) are then aggregated into five major categories (representing criteria used) according
to their nature.
• Step 2 - Dimensions definition: to facilitate categorization, two dimensions covering criteria identified in the
previous step were created. The two dimensions creation take into account the characteristics of the criteria, being
classified as: tools and processes. The S&OP process maturity levels will be evaluated according to two dimensions:
tools and processes. Tools refer to information technology and metrics; processes refer to integrated planning,
organizational culture/people, and organization of the process.
Production, 27, e20170024, 2017 | DOI: 10.1590/0103-6513.20170024
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In total, 21 enablers required for successful S&OP implementation related to metrics, information technology,
integrated planning, people/organizational culture and organization of the process were detected through literature
review and empirical evidences, covering the following studies: (Wing & Perry, 2001; Lapide, 2004; 2005b;
Wallace, 2004; Muzumdar & Fontanella, 2006; Dougherty & Gray, 2006; Sheldon, 2006; Grimson & Pyke, 2007;
Boyer, 2009; Cecere et al., 2009; Voluntary Interindustry Commerce Solutions, 2010; Tuomikangas & Kaipia,
2014; Wagner et al., 2014; Pedroso et al., 2016). Table 3 shows this enablers grouped into evaluation criteria
and dimensions according their similarities. The grouping of enablers was performed in order to reflect decisions
made in similar scopes. The development of dimensions considered aims to promote a holistic view of the process
in order to integrate different views of S&OP process.
Table 3. Criteria and subcriteria for S&OP maturity evaluation.
Dimension
Tools

Processes

Criteria

Subcriteria

Metrics

Metrics and performance evaluation

Technology

Information systems
Information flow management

Integrated planning

Demand and supply planning
Cross-functional integration
Integrated planning
Forecast accuracy
Consideration of external environment
Consolidated company strategy
Formal structure

People /Organizational culture

Enabled participants to make decisions
Training/ Process understanding
Ability to manage change
Attendance at meetings
Organizational structure made for changes
Top management support

Organization of the process

Process coordination
Delegating responsibilities and initial information
Preparation for meetings
Structured schedule
Documentation

Enablers found (subcriteria), divided into five elements (criteria), were aggregated again. This new aggregation
intended to enable categorization. Thus, identified criteria were divided in two main dimensions: tools and
processes. This division was performed according to the nature of criteria, then, criteria that presented technical
character, such as “metrics” and “information technology” were rated in the dimension “tool”. Criteria that
have management features (such as integrated planning, people /organizational culture and organization of
the process) were allocated in the dimension “processes.”
The model includes dimensions that are not considered in other frameworks available in literature, such as
cultural and organizational issues.
• Step 3 - Categorization: This refers to the result of fuzzy inference system of both dimensions. The application
of two fuzzy systems was necessary, being one of them to categorize the maturity level of “tools” dimension.
The second system aims to categorize the maturity level of “processes”. The linguistic terms chosen were: very
low (VL), low (L), medium (M), high (H) and very high (VH). After obtaining the results of fuzzy inference systems,
there was a combination of both systems, in order to fit them into different segments according to the achieved
performance. The implementation of this last fuzzy system has the intention to categorize the potential achieved
by the organization in its evolutionary process of S&OP as very low (VL), low (L), medium (M), high (H) and very
high (VH).

The basic inference rules of the system consist of the following structure: “if ... then”, and antecedents of
the rule are input variables (tools and processes) and the rule consequents are the achievements of the process
maturity level. In turn, the rules consequents have been defined by experts consulted. The inference process was
performed by Mamdani method. Among different existing inference methods, Mamdani is the most used one
(Osiro et al., 2014). Mamdani inference process can defined in three steps: determination of membership degree
of inputs in rules antecedents; determination of rules consequents; rules consequents aggregation in a given
fuzzy set (Zimmermann, 2001). The following operators were used, which require less computational effort:
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• Rules consequents were defined by experts;
• The product operator is used as a logical connector “AND”;
• The implication relation is carried out by Mamdani method;
• Max-Min is the composition operator used;
• Aggregation is performed by maximum operator;
• Deffuzication is conducted by Center of Area (CoA).
• Step 4 - Evaluation of categorization results: From the fuzzification result, the fuzzy inference system returned
a crisp value that was transformed into a fuzzy performance class. Each fuzzy performance class will involve
different strategies to leverage S&OP process maturity.
• Step 5 - Strategies to advance maturity: According to the performance achieved by the companies, different
strategies to develop the maturity level are proposed.

Figure 3 contains the illustration of the model proposed in this research.

Figure 3. Model to S&OP maturity evaluation.

5.1. Brief discussion about main results
In general, S&OP maturity models bring similar metrics in order to evaluate the process maturity, but at
the same time there is not general agreement about which metrics should be used to evaluate S&OP process
properly. This way, this research have made an attempt to synthesize important S&OP elements, also known
as success factors, to gather S&OP key aspects in one maturity model. The most used metric is “integrated
planning” cited by Ventana Research (2006), Grimson & Pyke (2007), Feng et al. (2008), Cecere et al. (2009)
and Wagner et al. (2014). This can be a good indicator that this may be a key issue in evolving in S&OP process.
This way, this metric was also incorporated in this research as a criteria. Another issue that needs to be addressed
is the metrics incorporation that have gained few or limited attention, but that might be important elements
to S&OP evolution.
One point that needs to be highlighted is that maturity gaining is not necessarily attached to how many
times the S&OP process has been implemented, but rather it is related to the efforts made and to the willingness
of people to make process work and succeed. This finding is based on the high maturity gaining of company
Y that has implemented S&OP more recently when compared with company X. This point has not been
discussed in literature yet, and deserves more academic attention. This finding can also bring the discussion
of people’s role in the S&OP process, since it is the human element that seems to be bringing more advanced
maturity gain (Lapide, 2005a; 2007; McCormack & Lockamy, 2005; Wagner et al., 2014; Hulthén et al., 2016).
McCormack & Lockamy (2005) highlighted that informal mechanisms such as cross-functional collaboration
are essential to S&OP effectiveness.
This paper categorizes S&OP maturity according to enabler’s categories. Categorization models have not
been used in S&OP maturity model so far. Categorization offers the convenience of easier identification of the
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current maturity level, for being a visual model. In addition, it helps to identify gaps in S&OP process more
intuitively. Another novelty of this paper, is the use of linguistic classes of maturity levels and fuzzy numbers
representing them. As human thinking and judgments aren’t linear, but rather subjective and imprecise, fuzzy
set theory was a suitable technique to deal with the problem of S&OP maturity evaluation. Also, fuzzy inference
presents a simple fuzzy grid method to support S&OP maturity evaluation. This way, this research aims to support
managers to take more structured decisions related to S&OP implementation and maturity gaining, guiding
decision makers through providing a tool to measure S&OP current status, and enabling to detect which factor
need to be improved in order to get a better process.

5.2. Application
The proposed method was applied in two organizations that already had the S&OP process implemented and
had presented expected results, enabling the analysis of the company’s level of maturity and the understanding
of the process maturing dynamics. Large size companies are also part of the selection requirements of
organizations participants of this research. Thus, two organizations were included in this research, as they met
the necessary requirements, namely: Company X, a Brazilian company, working in agricultural machinery sector
that implemented S&OP in 2010, and Company Y, a German company, manufacturing writing materials that
implemented the process in 2012.
Decision makers of the organizations presented were interviewed in order to define linguistic terms and
inference rules. The gathering of decision-makers’ views on S&OP maturity was carried out through a case
study research that was conducted with the presence of the interviewee. Data collection was performed with
the support of a semi-structured questionnaire that included questions about the maturity process and also
covered general aspects of S&OP. In addition, observations were made, and documentation of the process was
accessed. The choice of respondents was based on their proximity to the S&OP process, and these respondents
were quite familiar with the process (being the sponsor of the process). The Sales Manager was interviewed in
company X, and S&OP Manager was interviewed in company Y.

5.2.1. Definition of linguistic terms and rule base
The universe of discourse of the input variables (criteria) and the output variables (dimensions) are on a
scale of 0 to 10. The linguistic terms referring to maturity stages described in the literature, and triangular
fuzzy numbers related to each of the linguistic terms are available in Table 4. The fuzzy system corresponding
to input and output variables is represented by Figure 4.
Table 4. Linguistic terms corresponding to maturity levels and the Triangular Fuzzy related to linguistic terms.
Maturity Level

Linguistic Terms

Stage 1

Very Low (VL)

Triangular Fuzzy Numbers
(0, 0, 2.50)

Stage 2

Low (L)

(0, 2.50, 5.00)

Stage 3

Medium (M)

(2.50, 7.50, 10.0)

Stage 4

High (H)

(5.00, 7.50, 10.0)

Stage 5

Very High (VH)

(7.50, 10.0, 10.0)

Figure 4. Fuzzy inference system.
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Rules bases of each inference system were defined based on interviews conducted with decision makers of
the two organizations in which this research was conducted. The rules bases relating to tools and to processes
are available in Tables 5 and 6. The use of two fuzzy systems was necessary to construct the categorization
matrix. Thus, it was applied a fuzzy inference system for each of the proposed dimensions (tools and processes)
for each organization. The resulting performance yielded by each inference system was combined to classify
the S&OP maturity level into the categorization matrix showed in Figure 4.
Table 5. Rule base of the fuzzy inference 1 (Tools).
Company

IF
Metrics (c1)

AND
Technology (c2)

THEN
Performance

X
Y

M

L

M

H

H

H

Table 6. Rule base of the fuzzy inference 2 (Processes).
Company

IF
Integrated planning (c3)

AND
People /Organizational culture (c4)

AND
Organization of the process (c5)

X
Y

THEN
Performance

M

M

H

M

H

VH

H

VH

According to results of S&OP maturity level, different strategies are suggested to improve the S&OP
performance:
• Group I - Companies falling into this category are in a danger zone, with extremely low levels of maturity. Even in
initial stages of S&OP, companies do not have adequate tools to support the process implementation. Information
systems do not match the company’s needs for running S&OP and information flow is loose. There are no metrics
used to monitor the process. Concerning “processes”, plans are not well integrated, silos culture is strong, people
are reluctant to change their mindset, and top management doesn’t make efforts to sponsor the process. Also,
there are no pre-scheduled meetings, and no previous preparation for meetings exists. Strategies to leverage the
maturity level include actions in both dimensions (tools and processes), as both dimensions have low scores;
• Group II - Companies classified in this group have low performance in “tools” dimension and high performance
in “processes” dimension. These companies have reached good results in ensuring that plans are integrated,
organizational culture and people are open to changes, and the organization of the process is well executed, but
tools are still being used as primary stages. Then, companies should adjust their technology tools and metrics in
order to progress in S&OP maturity. As Gilmore (2005) states, in early stages it is not required to use advanced
information technology, and basic spreadsheets and tools are sufficient. As the process progresses, the need for
more elaborate software is emphasized, taking into consideration that the process involves quality information from
various functional areas, which needs to be integrated, and the plans need to be combined in order to understand
the consequences of the possible scenarios and trade-offs, increasing the complexity of the required systems. Thus,
companies should ensure that enablers related to tools are present to support S&OP process;
• Group III - This category represents organizations with high performance in “tools” dimension and low performance
in “processes” dimension. Thus, enablers for “processes” should be incorporated in the S&OP process. This scenario
is rare, as there is a tendency for maturity gains to occur first in “processes”, and then tools are adjusted to follow
the evolution of the process. It is important to note that “processes” have a higher level of collaboration to S&OP
maturity acquisition, and “tools” have a secondary role. Because of this, companies in Group III are more susceptible
to falling in a danger zone than Group II;
• Group IV - Organizations in this quadrant have high levels of S&OP maturity. Typically, companies in this group
have a large set of enablers in S&OP implementation in both dimensions. Another important feature, is that for
complex environments a formal structure to support S&OP implementation is needed, in order to produce higher
levels of S&OP maturity (Alvekrans et al., 2016; Pedroso et al., 2016). As companies in this group are more mature
it is essential that efforts to monitor the process should be consistent so as to maintain or increase desired results.
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5.3. Application results
Table 7 presents the input values of each company evaluated. From the performance obtained, a categorization
matrix was built, aiming to categorize companies in four different groups and to recommend actions to raise
the maturity level. Results obtained from the fuzzy inference process are shown in Table 7.
Table 7. Implementation results.
Company

Tools

Performance

Processes

Performance

X

6.90

High

6.25

Medium

Group
III

Y

7.56

High

9.10

Very High

IV

Companies were classified in the following categories, according to their performance:
• Company X - Group B III. This company has average performance in “processes” dimension and high performance
in “tools” dimension. Even though the company has a high performance in this last dimension, it is critical that
the company seeks to improve “processes” dimension, as enablers related to “processes” are the core of S&OP,
and “tools” have a supporting role. This means that efforts to guarantee enablers related to “integrated planning”,
“organizational culture” and “organization of the process” in S&OP should be pursued;
• Company Y - Group IV. This organization has demonstrated best performance, as it achieved very high performance
in “processes” dimension and high performance in “tools” dimension. Company Y is a good example of a successful
organization in S&OP implementation, so enablers present in this company should be studied further in order
to discover which elements are providing greater process maturity. Therefore, only actions in terms of close
monitoring are necessary.

From the results it can be seen that improvements must be made, especially in company X. For the purpose
of overcoming low maturity levels, companies should examine more closely, through a critical evaluation of
the S&OP process, which enablers (sub criteria) are absent in each dimension analyzed. After identifying the
missing S&OP enablers, companies should-implement them with fidelity and observe how this implementation
affects their process maturity.

6. Conclusions
Through this study, it was possible to analyze the S&OP maturity level and to identify which S&OP enablers
should be prioritized in order to leverage the process maturity gaining. A fuzzy theory based model was proposed
to assess and to categorize different S&OP maturity levels and to propose strategies to increase S&OP maturity.
Thus, an application of the model was conducted in two manufacturing organizations that already had the S&OP
process implemented. The model presented has the advantage to analyze in detail the maturity level reached
and to identify which actions should be taken to increase the maturity level. Proposed actions are related to the
incorporation of enablers that are essential for S&OP implementation be successful and mature.
The advantages of the approach presented in this paper are threefold. First, it employs a quantitative model
based on fuzzy theory that enables quantifying qualitative, imprecise, and vague information. This is a valuable
means of analyzing the process evolution, as decision-makers’ opinions can be captured more accurately.
Second, this study presents a real life application in order to illustrate how this approach can be applied in
different scenarios. Empirical applications are limited in S&OP literature, in general (McCormack & Lockamy,
2005; Thomé et al., 2012a, b; 2014; Tuomikangas & Kaipia, 2014; Ivert et al., 2015a, b; Swaim et al., 2016)
and even scarcer considering maturity models, with few studies existing on the subject (Hulthén et al., 2016).
Third, the utilization of S&OP enablers to measure the process maturity make it easier to visualize gaps in the
process and to discover which actions (in terms of S&OP enablers) should be taken. This can help companies
identify their current status, discover gaps in the process, and prioritize strategies for overcoming weaknesses.
In addition, categorization involved in this approach allows an easier and more visual understanding of the
current S&OP maturity level and the poor areas that need improvements.
Both academic and practical contributions were brought by this research. As an academic contribution,
this paper brings a different quantitative based model to analyze S&OP maturity that can deal with imprecise
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information. In addition, “cultural” element is again highlighted as it was in other previous studies (Lapide,
2005a; 2007; McCormack & Lockamy, 2005; Wagner et al., 2014; Hulthén et al., 2016), but from now it is
formally incorporated in the proposed maturity model. With regard to practical contributions, this research has
the intention to assist companies with S&OP process implementation, providing insights through an orientation
that enables organizations to discover the actual level of S&OP maturity. One of the main contributions of
this research is to make-clear which enablers should be prioritized based on the S&OP maturity level reached.
In general, companies struggle to identify their actual S&OP maturity level, and it is not clear which actions
companies should take to leverage the process maturity. Thus, organizations can investigate gaps that make it
difficult to gain maturity in the S&OP process and implement actions in terms of ensuring enablers will close
these gaps and increase process maturity.
This study does not aim to promote generalization of results but to provide insights to companies that
have implemented the S&OP process and want to progress in its implementation. One limitation of this study
is the fact that only one interviewee’s opinion was captured in the pilot application. As it is known, S&OP is a
cross-functional process that requires participation of a wide range of functional areas (Lapide, 2007; Goh &
Eldridge, 2015). For future research it is suggested to carry out a study that considers group decision-making
to S&OP related problems, in order to solve conflicts of divergent opinions of decision makers. Another research
suggestion would be to conduct a cross-industry investigation in order to analyze whether there are significant
discrepancies regarding the process maturity between different economic sectors. Studies of metrics in the
S&OP context are also needed.
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Appendix A. Topics covered during interview.

• S&OP implementation process
• Benefits gained
• Enablers
• Performance evaluation
• Metrics used
• Current S&OP maturity situation in general terms
• S&OP maturity situation regarding to:
▪ Metrics
▪ Technology
▪ Integrated planning
▪ People /Organizational culture
▪ Organization of the process.
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