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ABSTRACT

Goal: This paper aims to analyze to which extend the usage of information technology (IT) and
business analytics (BA) have been explored in the context of sales and operations planning (S&OP).

Design / Methodology / Approach: This study conducts a systematic literature review to synthesize the state
of the art of IT and BA in S&OP. The review follows the rigorous approach by Thomé et al. (2016). Through the
literature search, 442 results were retrieved, of which 57 were selected for the analysis. The results containing
analytics techniques are classified by the planning tasks of S&OP that they address.

Results: The analysis provides an overview of the dominant themes in the field of IT, BA and S&OP
and leads to a classification of the existing research in the field of BA for S&OP. This study finds that
IT can be an enabler of S&OP and that most analytics techniques address S&OP through fully-
integrated optimization approaches. Yet, the impact on the S&OP process has not been explored.
This study thus identifies gaps for future research and proposes a research agenda on BA on S&OP.

Limitations of the investigation: The systematic literature review is restricted to the Elvesier
SCOPUS database. SCOPUS has excellent coverage regarding relevant journals for this study. Despite
SCOPUS being a prominent scientific database, other databases might reveal additional studies and
further insights.

Practical implications: The findings of this study provide insights on how IT and BA can support and
influence the S&OP process.

Originality / Value: In recent years, S&OP, IT and BA have seen a growing interest by scholars. To
the best of the authors' knowledge, the number of published literature reviews on S&OP and BA is
scarce. This study provides an overview of how IT and BA are used within S&OP.
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Analytics; Information Technology.
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Usage of information technology and business analytics within sales and operations planning: a systematic literature review

INTRODUCTION

The rapid rise of information technology (IT) has been notably driven by the need to
process the ever-growing amount of data faster and in a reliable way, as it is widely argued
that the availability of more information results in more data-oriented and informed decision
making (Dutta and Bose, 2015; Kleinetal., 2018; Schoenherr and Speier-Pero, 2015;
Singh et al., 2017). Therefore, it is not a coincidence that big data has evolved to become an
asset for organizations (Nguyenetal., 2018). The necessary analytical methods and
techniques to gain meaningful insights from the large collections of data sets generated by
the organizations have been defined as big data analytics (BDA) (Jeble et al., 2018; Kamble and
Gunasekaran, 2020). BDA thereby is a subset of the broader term “business analytics (BA),
which includes the people, processes, and technologies that turn data” into business insights
(Wixom et al., 2013, p. 111). Information system capabilities support the organizations in the
process of collecting, processing, and assimilating information, as well as in formulating an
efficient response (Cadez and Guilding, 2008; Dale Stoel and Muhanna, 2009; Trkman et al.,
2010). Organizations employ the generated information in various functions, ranging from
purchasing and operations, over marketing and sales, up to after-sales services (Hopkins and
Brokaw, 2011; Sanders, 2014; Yu et al., 2018). To leverage the information across the various
functions, recent literature calls for a collaborative interdisciplinary approach that involves
“experts from different domains who would help on the maximum utilization of this resource”
(Kamble and Gunasekaran, 2020, p.15).

A prevalent interdisciplinary process on the tactical planning level is sales and operations
planning (S&OP), whose two main purposes are to balance supply and demand and to build
bridges between strategic and operational plans of the organization (Thomé et al., 2012). It
thereby provides a platform for horizontal and vertical integration of information that can
lever the tactical decision-making process. When applied successfully, S&OP can improve the
organization's business performance (Seeling et al. 2019). The application of analytics is not a
new phenomenon and operations management has been around for several years in the
context of supply chains (Souza, 2014) and with it also analytical approaches towards S&OP
(e.g. Feng et al., 2010; Lim et al., 2017; Ben Ali et al. 2019). Despite being a prevalent planning
process in the industry, an initial literature search on Elvesier's Scopus database for the terms
(“big data analytics” OR “BDA”") AND (“sales and operations planning” OR “S&OP") revealed no
results. Thus, hinting a gap in the literature and calling for in-depth research on the application
of BDA in S&OP. As BDA has recently emerged as a growing research area with promising
significant influences on several elements of S&OP, the authors of this study suggest
extending the research to the broader area of BA (Mishra et al., 2016).

This review aims to investigate the use of technology and BA in S&OP and their influence
on the S&OP process. Thereby this study includes the factors technology and process of BA,
which are also dimensions frequently described in frameworks and maturity models for S&OP
(e.g., Danese et al., 2018; Grimson and Pyke, 2007; Hulthén etal., 2016; Kristensen and
Jonsson, 2018; Lapide, 2005; Noroozi and Wikner, 2016; Thomé et al., 2012; Tuomikangas and
Kaipia, 2014). The impact of people on BA and S&OP is not in the scope of this study. Thus the
research is subdivided into two parts. First, the utilization of IT and its role in S&OP is
investigated, as it is the existing technological basis on which BA can build. Secondly, the
application of BA for the individual tasks of S&OP is explored. It aims at investigating the effect
of BA on organizational processes within S&OP. This study thus answers the following
research questions:

RQ1: Which aspects of IT have been explored in the context of S&OP?
RQ2: Which tasks of S&OP have been addressed by business analytics?
RQ3: What are future research areas for BA and S&OP?

The main goal of this paper is threefold: (i) to summarize the state of the art in the
research of ITin S&OP, (ii) to provide an overview of the utilization of BA for S&OP by classifying
them by the individual tasks addressed, and (iii) to provide an agenda for future research in
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the areas of BA and S&OP. Thereby, this study aims to contribute to the further evolution of
S&OP towards a data-driven process.

This paper is organized into three parts. First, the methodology for the systematic
literature review is described. Next, the search results are analyzed and discussed regarding
the research questions. Finally, the conclusion and outlook on future research close the paper.

METHODOLOGY

For a reliable and replicable analysis with a transparent and scientific approach, the
methodological approach is a systematic literature review (Thomé et al., 2016; Tuomikangas
and Kaipia, 2014). The systematic literature review follows the eight-step process described by
Thomeé et al. (2016): (i) Planning and formulating the problem, (ii) searching the literature, (iii)
data gathering, (iv) quality evaluation, (v) data analysis and synthesis, (vi) interpretation, (vii)
presenting results, (viii) updating the review.

In the first step, the research questions, as well as their expected results, were defined. In
the following, the literature search and data gathering steps are combined and carried out in
line with the procedure outlined in Thomé et al. (2012), which covers the steps in more detail.
The procedure includes the following five steps: (i) Computerized database selection, (ii)
identification of keywords for search, (iii) criteria for the exclusion of studies, (iv) manual review
of selected abstracts by two authors, and (v) full-text review of selected papers. Elvesier's Scopus
was selected as the database of choice. Using a single database increases the degree of
transparency and facilitates replicability. Furthermore, Scopus indexes a large number of
journals within the article's topic (IT and BA), when compared with other international databases
(Mongeon and Paul-Hus, 2016). Table 1 shows the selected keywords, which cover a broad scope
in the areas of BA and IT. For the latter, the generic terms “information system*’ and
“information technolog*” were part of the search string, as well as some common types of
systems that can support BA. Besides the terms BA and BDA, this study also includes the
keyword “analytic*” to capture related terms and is extended to include supply chain analytics
(SCA). Thereby SCA refers to BA used in a supply-chain context (Chae and Olson, 2013).
Furthermore, the keyword “maturity” comprises existing maturity models, as they often describe
dimensions related to organizational structure and IT in S&OP. Each of the keywords was
searched in combination with the terms “Sales and Operations Planning” OR “S&OP". Following
Thomé et al. (2012), “S OP” was not included in the search term to avoid results from the field of
chemistry. The search covered the search fields title, abstract, and keywords.

Table 1. Keywords of literature search

Search Keywords Keyword's abbreviation No. of results

Information System* IS 210
Information Technolog* IT 97
Data = 57

Enterprise Resource Planning ERP 19
Maturity - 16
Advanced Planning System* APS 11
Analytic* - 10

Decision Support System* DSS 10
Business Intelligence BI 7
Machine Learning ML 2
Supply Chain Analytic* SCA 2
Business Analytic* BA 1
Big Data Analytic* BDA 0

Source: The authors themselves
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The results of the literature search are illustrated in Figure 1. The individual searches
resulted in 442 results before and 227 after removing duplicates. An initial independent review
of the abstracts resulted in a Krippendorff's Alpha of ¢=0.7] (Krippendorff, 1970). After aligning
the exclusion criteria among the authors, the agreement rate was a =0.982, which is well-above

the threshold of @=0.8 deemed acceptable (Krippendorff, 2004). This resulted in 99 papers in
English eligible for full-text assessment. Further, 42 papers were eliminated during the
assessment due to missing relevance, low academic value, or missing access. Figure 2
illustrates the number of publications per year for the 57 papers included in this study. It
shows continued interest and overall growth of publications in the investigated field. The
quality of the assessed papers was evaluated by type and origin. Figure 3 illustrates the share
of publication by document type. With 67%, the majority of the publications were articles
published in journals, followed by 23% in conference proceedings. Reviews (9%) and book
chapters (2%) make up a minority of the search results.
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Figure 1. PRISMA flow diagram for inclusion and exclusion of studies
Source: Moher et al. (2009)
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Figure 2. Search results by year
Source: The authors themselves
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Figure 3. Search results by document type
Source: The authors themselves

For the analysis, each selected paper has been read several times in full and the content
was analyzed in a matrix, with columns for the respective research questions. The results were
then synthesized and interpreted in this study. As suggested by Thomé et al. (2016) a future
research agenda is finally derived logically from the critical review.

The following section represents the data analysis and synthesis, as well as the
interpretation. It includes a qualitative analysis for RQ1 and a classification of the results for
RQ2. The paper itself represents the seventh step of the systematic literature approach. The
eighth and final step is updating the review, which is beyond the scope of this study.

ANALYSIS AND DISCUSSION

Trkman et al. (2010) find “that companies [that] support their analytical capabilities with
good IS are likely to be more capable of performing better” (p. 324). As mentioned before, the
literature has explored the IT dimension to some extent. The literature search also reflects
these findings as roughly half of the papers retrieved investigate IT related themes. Therefore,
first, the aspects of IT that influence S&OP are analyzed to answer the first research question.
Secondly, an in-depth analysis of the usage of BA in the context of the tasks of S&OP answers
the second research question. Lastly, we propose a future research agenda.

Information Technology

Various authors have developed maturity models as guidelines for the implementation
of S&OP. One of the most widespread studies is Grimson and Pyke (2007), which summarizes
S&OP maturity models (Thomé et al., 2012). Their resulting maturity model includes an IT
dimension that ranges over five different maturity stages from Excel spreadsheets over MRP
integration and dedicated optimization software until real-time integrated solutions for joint
optimization. Wagner et al. (2014) and Shaikh (2018) define a similar dimension in their
maturity model. Danese et al. (2018) build their research on the model of Grimson and Pyke
(2007) and further investigate the required steps for a company to evolve through the maturity
stages. Vereecke et al. (2018) develop a maturity assessment model for demand planning, with
dimensions for data management, forecasting methods, and forecasting systems.

Although many maturity models include IT as a dimension for S&OP, Kristensen and
Jonsson (2018) point out that there are “contradictory findings regarding the role of IT systems
for supporting S&OP” (p.34). Pedroso et al. (2016) find that information systems can, on the
one hand, act as an enabler for the implementation of S&OP, but also that, on the other hand,
inadequate technology and information systems can become a barrier for the process. Goh
and Eldridge (2019) find that information acquisition and processing in the context of S&OP
has a positive effect on supply chain performance. Song et al. (2008), on the other hand, find
that the impact of information acquiring and mining, information integration and sharing, and
information automating and monitoring on firm performance is not solely dependent on the
IT applications but rather on how the organization implements these functions. Suurmond
(2016) strengthens this with his findings that software by itself does not solve the challenges
when implementing various information into S&OP. This study follows the predominant
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tendency that IT is an enabler of S&OP when it is aligned with the other dimensions of S&OP
and embedded in the organizational processes.

The conflicting view on IT in S&OP has also been noticed by other authors such as
Thomé et al. (2012), who ultimately include information systems, with their sub-dimensions
“systems and software” and “models and simulation”, as a process descriptor into their
framework. Also, Tuomikangas and Kaipia (2014) refer to “S&OP tools and data” as a
coordination mechanism, which encompasses various constructs for the collection,
processing, and storing of information, as well as the proper output of information to support
S&OP. To address the gap in selecting adequate technology in the context of a firm's S&OP
process, Garcia-Villarreal et al. (2018) propose a supporting selection framework.

The literature also takes a closer look at various information systems. Mathrani (2018)
finds that enterprise systems support the maximization of value for service processes in S&OP.
Plank and Hooker (2014) show that interactive marketing tools can benefit the S&OP process
and the entire supply chain. Olhager and Selldin (2007a, 2007b) find that the end product
characteristics and environmental factors dictate the design choice of manufacturing planning
and control systems for S&OP and that S&OP has a significant positive impact on operational
performance. Furthermore, various authors have investigated the use of advanced planning
and scheduling (APS) systems in S&OP. As such, Doering and Suresh (2016) identify the use of
advanced systems as a valid construct of forecasting management competencies, with a
higher impact in repetitive environments. Ivert and Jonsson (2010) identify 18 potential
benefits spreading over the three categories decision support, planning efficiency, and
learning effects for the use of APS systems in S&OP. In a further study, Ivert and Jonsson (2014)
identify individual, technological, and organizational dimensions that affect the use of APS
systems in S&OP.

Even though the literature addresses various systems, Jonsson and Holmstrém (2016)
point out that the adoption of optimization and scenario planning is increasing, but also that
“basic computer applications [are] still not widely implemented in practice” (p. 75). Therefore,
Ross (2003) argues that a modular implementation that is embedded in a holistic program
helps in the introduction of supply chain optimization software. These findings further indicate
that IT needs to be linked to the other dimensions of S&OP.

Although there are diverging views on the role of IT in S&OP, most studies found in this
literature research point towards IT having a positive impact on S&OP. Thereby the level of
technological integration must be matched to the maturity of the S&OP process to yield
benefits on the firm performance. The integration of advanced systems, especially APS
systems, thereby support more efficient decision-making and provide an anchor point in the
organization for most of the optimization techniques discussed in the following section.

Business Analytics

In the following, the retrieved results covering analytical techniques are analyzed and
classified to answer RQ2. While many of the publications analyzed in the previous section discuss
the role of IT and planning systems on a conceptual level, solely Chae and Olson (2013)
specifically investigate the integration of BA into supply chain management from a conceptual
perspective and transfer their findings to the context of S&OP. They connect the proposed SCA
framework to S&OP and find that companies need to invest in data management, analytical
supply chain process- and supply chain performance management capabilities to take
advantage of BA in supply chains. The data management capabilities refer to the firm's ability to
gather, store, and process data. The analytical supply chain process capabilities (APC) refer to
the application of analytical techniques in the planning processes of the focal firm. Supply chain
performance management capabilities refer to the ability to observe, orient, and decide based
on supply chain metrics or KPIs. In their study, Chae and Olson (2013) derive APC for the plan,
source, make, and deliver processes of the SCOR framework, and apply their findings to the
S&OP process. This section also examines the analytical processes but differs from the work by
Chae and Olson (2013) by classifying the analytics techniques identified in the existing literature
on S&OP into their respective tasks. This view allows for a better understanding of how BA
interconnects the planning tasks in the cross-functional context of S&OP.

The planning tasks for the classification are deducted from the typology of inputs for
S&OP by Thomé et al. (2012), which are demand, source, production, delivery, and finance.
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While their typology contains various input levels for plans, constraints, and others, this
classification is limited to the planning tasks. The proposed classification, as illustrated in
Table 2, adopts the following tasks: (i) the demand category with its sub-categories forecasting
(FC) and demand planning (DP), which refers to the extended planning and alignment of plans,
(ii) source, (iii) production planning (PP), (iv) logistics planning, which subdivides into inventory
planning (IP) and transportation planning (TP), (v) finance, and (vi) fully integrated (FI) models,
which are models that aim at optimizing the entire S&OP process. The analytics techniques
were classified by the association of the utilized decision variables or constraints. FI models
include those models that are classified into four or more main categories.

The optimization methods subsumed in the forecasting classification of the demand
category show the least integration with other planning tasks described in the classification. As
such, Omar et al. (2016), Kim et al. (2019), and Caglayan et al. (2020) use machine learning in the
form of neural networks to enhance forecasting. Wood et al. (2017), for their part, develop a
framework for implementing sentiment analysis in conventional S&OP processes. And
Kaipia et al. (2017) discuss the mechanisms on the integration of point of sales data. A reason
for the sparse integration with other tasks is that the outcomes of these studies serve as a
baseline input for the following steps of the S&OP process, and the forecasting process itself
rather relies on external factors, such as data and information collection and exchange, as well
as the processes related to it. This is further supported by Fildes et al. (2019), who study the use
of information from forecasting support systems by demand with internal tasks. The methods
in this category aim at aligning the demand and capacities of the other functions. Few studies,
such as Feng et al. (2013), who include demand contracts into a supply chain S&OP model, and
Ben Ali et al. (2018a), who employ simulation to mimic various configurations for integrated
demand management processes, introduce new constraints from the demand side. Most
models limit the alignment of plans to an overall cost or profit objective.

Table 2. Classification of business analytics methods in S&OP by planning task

Demand . Logistics
Authors —— Source Production —— Finance Fl
FC DP IP TP

(Caglayan et al., 2020; Omar et al., /
2016)
(Fildes et al., 2019) v v
(Calfa et al., 2015) N
(Genin et al., 2007; Thomas et al., v v
2008; Thomas and Lamouri, 2000)
(Wery et al., 2018) v v
(Kim et al., 2019) v v v
(Ben Ali et al., 2018a) v N v
(Sodhi and Tang, 2011) v v v
(Anand Jayakumar et al., 2016;
Lim et al., 2014; Lim et al., 2017, v v v
2015, 2013)
(Rappold and Yoho, 2014) v v v
(Chen-Ritzo et al., 2010) N N4 v
(Wochner et al., 2016) N4 N4 N4 N N
(Hahn and Kuhn, 2012a, 2012b) v N N4 v v
(Taskin et al., 2015) v v v N v v
(Feng et al., 2010, 2008;
Nemati et al., 2017; Nemati and N N N4 v N N
Alavidoost, 2019; Wang et al., 2012)
(Ben Ali et al., 2018b) NG v v NG NG NG
(Ben Ali et al., 2019; Feng et al., v v Y Y v v v

2013; Wang and Hsu, 2010)
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Demand Logistics
Authors ——  Source Production ———— Finance Fl
FC DP IP TP
Total 5 26 15 21 25 11 8 13

Source: The authors themselves

Sourcing is mainly considered in the FI models and in the optimization models from
Lim et al. (2017, 2015, 2014, 2013). They focus on procurement in the automotive industry and
develop optimization models for distant suppliers with flexibility rates. Its consideration is
mostly limited to internal decision factors such as supplier selection and capacity or lead-time
constraints. The integration of information and optimization across supply chain members is
not studied.

A predominant topic in the production planning classification of the demand planning
category is the variability of production. Here Calfa et al. (2015) examine production planning
under demand volatility. Thomas and Lamouri (2000), Genin et al. (2007), and Thomas et al.
(2008) develop models for robust and stable supply plans. Furthermore, Wochner et al. (2016)
realize a model to optimize production for ramp-ups and new product introduction. The
optimization models of the production planning tasks are closely interconnected with the
demand planning tasks.

In logistics planning, the inventory planning tasks have a significant overlap with the
optimization methods classified in production planning and demand planning, as the aligned
production and demand plans induce the inventory plan. While Rappold and Yoho (2014)
explicitly consider optimization methods for inventory management, most optimization
models restrict inventory planning to capacity constraints. Analogous to the source category,
the transportation planning tasks are predominantly addressed in the FI models. The
constraints focus on the factors related to transportation cost and capacity. Advanced
analytics techniques that consider external factors, such as traffic- or weather information, are
not applied in the context of S&OP.

The integration of financial planning into S&OP is still a very scare research field, as has already
been pointed out by Thomé et al. (2012). Wang and Hsu (2010) propose an integrated model that
takes financial flows, such as lead-time of payment, into account. Anand Jayakumar et al. (2016) build
a model for revenue maximization, which includes marketing decisions for the scheduling of
promotional activities. Furthermore, Ben Ali et al. (2018b, 2019) include revenue management in a
production system. Hahn and Kuhn (2012a) use robust optimization methods to integrate value-
based performance and risk optimization into an integrated S&OP model. They further extend that
model by “taking into account related (dis-)investment and financial decisions” (Hahn and Kuhn,
20123, p. 560).

In the context of the collaborative cross-functional nature of the S&OP process, it is not
surprising to see that all but three of the results identified in this study are classified in more
than one category. Thereby the degree of integration and the combination of tasks vary. Some
optimization models explicitly aim to solve plans for various functions, while others create
implicit dependencies by connecting constraints. 13 papers, which aim to integrate
optimization across the majority of the involved functions, were classified as Fl. Thereby
various studies have shown the benefits of these integrated planning. As such, Feng et al.
(2008, 2010), Nematietal. (2017), and Nemati and Alavidoost (2019) all find that fully
integrated S&OP planning models outperform partially integrated and decoupled planning
models. Although the analytics methods across the literature show a high degree of
integration across functions, it remains unclear how organizations can embed these models
within the S&OP process. The linkages between the functions in the form of decision variables
or constraints require a high degree of integration and collaboration that has to be backed by
organizational processes. The retrieved papers did not elaborate on the integration into the
S&OP process. Thus, especially Fl models are in conflict with the traditional S&OP process that
Wallace and Stahl (2008) describe as a sequential five-step process (Thomé et al., 2012). When
implementing such interconnected models, the organizational processes need to support the
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agility required to adapt to address the events derived from the results, rather than following
a fixed path.

The majority of the analytic techniques retrieved in this literature search are
mathematical programming optimizations, such as linear or stochastic programming, or
simulations. Few solutions employ other analytics techniques, or like Taskin etal. (2015)
integrate the optimization into a decision support system. These findings further underline
the initial discovery that BDA has not yet been applied to S&OP. Furthermore, the examined
papers neither show an up- or downstream integration of supply chain partners into the
planning process nor an integration of external data. It shows that the application of analytics
is currently limited to the internal supply chain.

The retrieved studies mainly focus on demand planning (26), production planning (21), and
inventory planning (25). Sourcing (15) and transportation planning (11) related tasks are moderately
represented, though their consideration is mostly limited to cost or capacity constraints. Forecasting
(5) and financial planning (8) account for the fewest results. The lack of forecasting methods in this
literature search indicates that the literature on forecasting techniques does not necessarily point
back to the integration into S&OP. It further reveals that - besides the techniques themselves - the
factors which enable a successful forecast for S&OP have not been examined yet. This gap also
extends to the other tasks examined in this classification. Although more papers aim at optimizing
these tasks, the factors that enable the implementation of analytic techniques and the impact on the
planning and decision-making processes are not researched.

Future Research Agenda

Based on the results of the analysis, this section offers future research directions. It
thereby answers the third research question. The authors of this study believe that the
research on these topics can be expected to contribute to the further development of S&OP.
The four proposed topics for the research agenda are depicted in Table 3.

Table 3. Future research topics

Research Stream Research Topic
Business analytics Applications of big data and BA in S&OP
Theory building Capability perspective of S&OP
Business analytics Implementation of BA in the S&OP process design
Supply chain integration Integration of external data into S&OP

Source: The authors themselves

Applications of big data and BA in S&OP

This study has found that BA techniques have been developed for numerous planning
tasks of S&OP. Yet, the extent to which BA can enhance planning and decision-making remains
unknown. Furthermore, as mentioned in the introduction, big data and BDA applications have
yet to be studied in the context of S&OP. This study could not find any applications either. On
the other hand, there are calls from the field of BDA for collaborative planning approaches
(Kamble and Gunasekaran, 2020). Future research should thus analyze to what extent the
application of big data and BA enhances planning and decision-making in S&OP.

Capabilities perspective of S&OP

This study has found that the role of IT has been widely explored. It showed that the
successful integration of IT is dependent on the maturity of the S&OP process. The appropriate
level of IT integration is thereby an enabler for the process and data-driven decision making
and results in a positive impact on firm performance. To further elaborate on the role of IT
and other enablers of S&OP, the authors suggest a comprehensive investigation on how the
enablers of S&OP can be consolidated with a founded theory. The resource-based theory of
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the firm, which has been suggested by previous authors (lvert et al., 2015; Kristensen and
Jonsson, 2018), and the theory of dynamic capabilities could be used to delineate the enablers
as resources and capabilities.

Implementation of BA in the S&OP process design

Several studies identified in this review point towards fully integrated optimization
models outperforming decoupled planning models (Feng et al., 2010; Feng et al., 2008; Nemati
and Alavidoost, 2019). However, none elaborate on how such models can be implemented
into the S&OP process. The alignment of plans through optimization models constitutes a
substantial change to the dynamics of the S&OP process. This integrated planning approach
thus contrasts the often depicted sequential view on the tasks of the S&OP process, thereby
raising the question of whether the implementation of integrated BA techniques requires an
altogether different design of S&OP. It should thus be investigated whether the
implementation of BA changes the design of the S&OP process.

Integration of external data into S&OP

The analytics techniques found in this research relied on intra-organizational data sets.
Advanced maturity levels of S&OP recommend the integration of supplier and customer data into
the planning (Grimson and Pyke, 2007). However, external factors and the integration of third-
party planning tasks or data into the forecasting, transportation, and sourcing tasks have not been
studied. Future studies could thus draw insights from the field of supply chain integration to
research how IT and BA in S&OP can facilitate the planning process across the supply chain.

CONCLUSION

The systematic literature review was conducted in January 2020, and it includes the
results for the articles indexed in the database of choice at that time. At the point of its
conception, it is, to the best of the authors' knowledge, the first study of its kind to provide an
overview of how both technology and analytics are used in S&OP. The systematic literature
review protocol that was followed through the study allows for robust and reproducible
results. Although controversially discussed in the literature, this study shows that technology
plays a vital role in S&OP and that BA can be employed in the various planning tasks.

The role of IT in S&OP has been explored on various levels. Foremost, maturity models
have included IT as a key dimension of S&OP and describe the use of information systems on
a high level. Other studies have explored the various information systems on a more detailed
level. It can be concluded that the level of IT integration can be an enabler for S&OP when it
matches the maturity of the S&OP process. This study further identified that analytics
techniques have been developed for all major planning tasks of S&OP, from sourcing, over
production-, logistics-, and demand planning, up to financial planning. Thereby it showed that
the majority of the identified search results approach the planning process from a cross-
functional and integrated approach. The analysis further showed that most of the analytics
techniques used are mathematical optimizations. The integration of other BA technologies
into S&OP is scarce, and the use of BDA for S&OP has not yet been explored. Together with
the aforementioned implementation of integrated BA techniques, changes to the S&OP design
seem worthwhile to be explored in future research.

Based on the findings of the systematic literature review, this study proposes a future
research agenda that consists of the four topics: (i) applications of big data and BA in S&OP,
(ii) capabilities perspective of S&OP, (iii) implementation of BA in the S&OP process design, and
(iv) integration of external data into S&OP. The consequent exploration of these research
topics is needed to explore and explain how data-driven planning and decision-making can
support and transform S&OP and how this can help firms to yield a competitive advantage.
Future researchers may thus further contribute to the research on how the design and
execution of S&OP as a business process can be generalized.
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This study offers multiple opportunities for practitioners that strive to support their S&OP
process through IT and BA. Managers and consultants can use the results (1) to assess the role of
IT in the firm's S&OP process, (2) to identify planning tasks for which supporting BA techniques
have been developed and to identify how those techniques promote integrated planning, and (3)
to support decisions on whether to invest and improve current IT and BA capabilities and
infrastructure or to reconsider the conceptualization of their S&OP process, as well as to further
develop their strategy on how to expand data-driven decision-making in the future.

This study has been limited to the results of the SCOPUS database. Further research
should investigate the use of BA for the individual planning task on a tactical level, which might
not themselves point back towards S&OP, in order to explore the topic to its full extent.
Furthermore, one should consult additional sources, such as the databases Web of Science,
Proquest, or Ebscohost.
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