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The primary aim of this research is to explore performance measurement 
frameworks and propose one that fits the case company’s operations and its 
commercial organization’s needs. This framework is then utilized to build a set of 
metrics that can be implemented to drive supply chain performance. The secondary 
aim of this research is to study and propose the integration of early warning 
indicators for potential supply chain disruptions into the supply chain performance 
measurement system (SCPMS). This research is a single case study that is carried out 
in form of action research. The Context Content-Process (CCP) framework was used 
as the principal guideline to structure both the theoretical framework and the 
empirical research execution. 
 
Provided the organizational factors and the supply chain environment of the case 
company, Balance Scorecard (BSC) framework and performance metrics related to 
its four perspectives are identified as the suitable SCPMS. Early warning indicators 
section is added to the modified BSC framework as a complementary aspect that 
hosts a set of early warning indicators. Many of proposed metrics for the four 
standard perspectives of BSC framework have the ability to provide signals of 
potential disruptions. Therefore, these metrics can also be used as early warning 
indicators. 
 
This paper illustrates the process of defining an SCPMS through the review of 
literature and then demonstrates how the resilience element can be integrated into 
the SCPMS in form of early warning indicators. The findings of this research could be 
used by practioners to establish a performance measurement system that can both 
improve the overall efficiency and strengthen the resilience of the supply chain. The 
concept of integrating early warning indicators into an SCPMS is rather novel. 
Organizations need to ensure supply chain resilience and at the same time, improve 
productivity and profitability. To this end, understanding how elements of supply 
chain resilience could be enhanced through performance management is a promising 
area of research. This thesis will hopefully open a pathway for further research into 
this area.  
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1 INTRODUCTION 

“What you measure is what you get.” (Kaplan and Norton, 1992, p.1) 

Performance measures provide organizations a comprehensive yet in-depth view of how 

their supply chains are performing over time. They are used to formulate strategy and 

action plans that could eventually lead to overall improvement and the achievement of 

strategic business goals. While being an indispensable instrument for effective planning 

and control and strategic decision-making process (Gunasekaran et al., 2004), 

performance measures are also essential for continuous improvement culture that strives 

for optimal efficiency and effectiveness. Thus, performance measurement is of 

paramount importance to operations, but at the same time it is an extremely challenging 

task that requires solid understanding of the operation itself, the environment where the  

operation takes place, the measurement framework and the associated set of metrics that 

will be employed.  

In fact, research in the field of supply chain performance measurement (SCPM) that 

places strong focus on the enhancement of organizations’ efficiency and effectiveness is 

abundant and mature (e.g., Cuthbertson and Piotrowicz, 2008; 2011; 2015). 

Nevertheless, the concept of integrating SC resilience elements into the measurement of 

SC performance in order to transform SCPM into a warning device for potential 

disruptions is fairly new and has not yet been thoroughly investigated (Hohenstein et al., 

2015; Karl et al., 2018; Singh et al., 2019). The strong emphasis on optimal cost and 

productivity efficiency has often compromised the resilience of a SC, exposing companies 

to disruptions that might exert negative impacts on their overall business operations and 

financial performance (Christopher et al., 2002; Norrman and Jansson, 2004; World 

Economic Forum, 2017). Hence, the importance of SC resilience to the survival and 

competitiveness of companies is receiving increasing awareness and interest from both 

researchers and practitioners. Given the need of improving resilience in parallel with 

organizational productivity and profitability, understanding how elements of SC 

resilience could be enhanced through proper monitoring of performance is a promising 

area of research.  

Defining SCPM can hardly be a “one size fits all” exercise that caters the needs of different 

organizational contexts, since it is heavily context-dependent. Various frameworks such 

as the SCOR model, the balanced scorecard approach, economic value added, 

performance measurement framework have been examined across companies of 
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different industries, with unique operating models. Based on these studies, it is evident 

that there are multiple sources of truth and most of the frameworks are applicable to 

certain cases (Cuthbertson and Piotrowicz, 2008; 2011; 2015; Gunasekaran et al., 2004). 

Depending on the strategy, objectives, and characteristics of the organization, company 

management should employ the most suitable frameworks and its associated metrics for 

their performance management. 

1.1 Research problem 

There are plenty of research related to performance measurement in Supply Chain 

Management (SCM) and Operations Management literature. Nevertheless, studies about 

integrating resilience element into SCPM are rather new and limited.  

This thesis focuses on a commodity supply chain that operates in make-to-stock mode. 

The case company produces pulp, a wood-based commodity, and its supply chain 

resembles the one described in Carlsson and Rönnqvist (2005). Currently, the company 

is seeking for different ways to enhance its SC performance and to foresee and mitigate 

potential disruptions in their SC using different measures. The company does not have a 

cohesive Supply Chain Performance Measurement System (SCPMS) to quantify its 

performance objectives but rather independent metrics that do not reflect all aspects of 

its SC operations. Therefore, establishing a proper SCPMS that can provide an accurate 

picture of the supply chain performance, as well as help strengthening the supply chain 

resilience of the case company, has potential to improve the overall organizational 

productivity and foster continuous improvement culture. 

1.2 Aim of the research 

The aim of this research is two-fold. The primary aim is to explore performance 

measurement frameworks and propose one that fits the case company’s operations and 

its commercial organization’s needs. This framework is then utilized to build a set of 

metrics that can be implemented to drive performance. The secondary aim is to propose 

the potential integration of early warning indicators for potential supply chain 

disruptions into the SCPMS in order to foresee disruptive events in the SC. The specific 

research questions that form the basis for future SCPMS, are as follows:   

Main research question: Provided the organizational factors and supply chain 

environment of the case company, what would be the suitable Supply Chain Performance 
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Measurement System that could reflect the supply chain performance and provide early 

warning about potential supply chain disruptions for the case company? 

The concept of Context-Content-Process (CCP) framework will act as the navigator for 

the entire research, both theoretically and empirically. This concept will be elaborated 

and contextualized to the process of establishing SCPMS for the case company. The 

definition of Performance Measurement will also be revisited to strengthen the 

arguments and recommendations in the latter part of the research. The research will 

deep dive into each of the three most popular frameworks of SCPMS and their associated 

metrics including SCOR model, Balance Scorecard, and Process-based measurement 

(Cuthbertson and Wojciech, 2015). After building the theoretical framework for the 

research work, the study will focus on building a case study for the case company that 

provides an overview of its operating model, supply chain strategy as well as distinct 

characteristics of the industry that the company is operating in. Several fundamental 

questions towards supply chain performance and associated metrics that tie to the 

business strategy and continuous improvement philosophy will also be addressed to 

examine to what extent does the implementation of studied measures is expected to 

affect these aspects. The logic behind the attempt to gain a profound understanding of 

the context of the researched subject follows the argument:  

“the analysis without understanding how the supply chain operates will bring little value to none” 
(Cuthbertson and Piotrowicz, 2011, p.595).  

On the basis of the study results, recommendations for potential SCPMS, overall strategy 

and underlying action plans when employing the system will be formulated. This 

research can be classified as action research according to Patton’s study on qualitative 

research and evaluation (2015). Briefly touching upon the data collection process, 

multiple interviews, free-form discussions, questionnaire distribution, and 

brainstorming sessions were conducted to ensure that the collected data covers all 

fundamental aspects including the organizational factors, supply chain factors, and 

system landscape of the case company. This process helps to validate the applicability of 

the proposed framework and metrics to UPM Pulp. In addition, the assessment of 

measuring feasibility for each selected metric which entails the identification of unit of 

measurement, metric components, data sources, and monitoring frequency, was 

conducted through multiple interviews with the management and operation teams 

alongside with active observation on the in-use systems. Basically, this assessment is 

intended to make sure that the proposed metrics are quantifiable, comprehensible, and 

economically viable. 
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1.3 Delimitations 

The research is conducted as a single case study, meaning that collected data is typically 

derived from a case that is unlikely to be selected on a random basis (Silverman and 

Marvasti, 2008). This characteristic limits the breadth of application of proposed 

findings, hence compromising the generalizability of the research. 

The study will be limited to the commercial organization of the case company, meaning 

that both production and raw material sourcing are excluded from the scope. Specifically, 

this case study focuses on case company’s supply chain organization and its customers, 

i.e., end-users further down the value chain are not included in the scope of the study. 

The research will touch upon a few measurements that are relevant to the production 

stage, e.g., the match between production output quality and customer expectations, but 

this area will not be elaborated in great depth. In addition, the study focuses on 

individual metrics or a set of metrics that could provide early warning indicators for SC 

disruptions, meaning that the scope of the study is limited to the pre-disruption, or also 

known as anticipation phase of supply chain resilience concept. Other aspects concerning 

respond during a disruption and recover after a disruption phase will not be scrutinized 

in this study.  

Since the thesis research was conducted from November 2020 to late March 2021, all the 

cycles of market situation which are rotated on the annual basis were not fully captured 

in this study. This represents one of the constraints of this study which is time limitation. 

In many cases, in order to mine meaningful insights from a set of data, observation might 

take place over an extensive period, which is not feasible for this thesis research. Hence, 

proposal of the performance measurement framework and metrics at the end of study 

are solely based on the alignment of literature findings and insights gathered from the 

case company, not observed performance of the proposed framework. 

1.4 Thesis outline 

This thesis is consisted of five sections including research introduction, theoretical 

framework, research method, the elaboration of empirical study, and discussion and 

conclusion.  

The introduction section demonstrates the underlying research problem and the aim of 

the research. Delimitations and the thesis outline are also included to provide readers a 

better understanding of research scope and the thesis’ components.  
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In the theoretical framework, the scientific foundation for the study will be established. 

This section will link the research problem to the relevant literature in order to provide 

concrete support on scientific basis for arguments that will be made in the discussion 

section of the research. 

The third section presents the research methods utilized: research design, research 

approach, data collection methods and data analysis will be elaborated and discussed in 

light of relevant research theories.   

Section four describes the implementation of empirical research where the application 

of Context-Content-Process (CCP) framework to the case study is performed. The data 

collected to build up and analyze the case study are from different sources of secondary 

data including various types of reports and process descriptions that are further 

complemented and reasoned with the use of primary data collected from semi-structured 

interviews and questionnaire distribution.  

The last section discusses the results in light of theory and presents conclusions. Both 

managerial and theoretical implications will be presented in this section.  In addition, 

future recommendations and limitations of this research work will be addressed.   
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2 SUPPLY CHAIN PERFORMANCE TO ENHANCE SUPPLY 

CHAIN RESILIENCE 

This chapter revisits several fundamental concepts from previous studies that lay the 

theoretical foundation for the entire research and help contextualize the research 

problem discussed in the previous chapter. The first section of this chapter will delineate 

the concept of supply chain resilience and its associated key indicators. The second 

section will elaborate on the context-content-process (CCP) framework that principally 

acts as the navigator of this research and explore the concept of supply chain 

performance measurement including the description of three measurement frameworks 

namely Balance Scorecard model, SCOR model, and process-based model as well as the 

list of commonly used supply chain performance metrics. The third section will 

summarize the SC performance metrics that are embedded with elements of resilience. 

This section is aimed to build a bridge between the concept of supply chain resilience and 

supply chain performance measurement.  

Based on the technique used in the research of Karl et al (2018) to locate relevant studies, 

the list of keywords for each construct rooted in the research question was identified in 

order to build relevant search queries (see Table 1). Different data sources for academic 

journal, including but not limited to logistics, SCM, and operations management journals 

were utilized to identify the most common and appropriate frameworks, models, and 

metrics for SCPM. 

Constructs Keywords 

Supply Chain Resilience (SCRe)  Supply Chain resilience, resilience, Supply Chain 

Vulnerability, Supply Chain Disruptions, Disruptions. 

Risk, Supply Chain Risk Uncertainty,  

Supply Chain Performance 

Measurement Frameworks 

Performance measurement frameworks, 

Performance measurement systems, CCP 

Framework, Supply Chain Management 

Supply Chain Performance 

Metrics  

Performance measurement metrics, Key Performance 

Indicators, Performance measurement measures, 

Supply Chain Management 
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Supply Chain Resilience and Key 

Performance Indicators 

Supply Chain resilience, resilience, Performance 

measurement metrics, Key Performance Indicators, 

Performance measurement measures, Supply Chain 

Management 

Table 1 Search parameters (adopted from Karl et al., 2018) 

2.1 Supply chain resilience (SCRe) 

This section discusses about the concept of Supply Chain Resilience (SCRe), disruptions 

in supply chain (SC) operations, and important indicators of SCRe in the literature.  

Rao et al. (2013) pointed out that effects of globalization accompanied with the adoption 

of new business strategies – for instance lean or responsive customer services, have made 

the market becoming more dynamic, and triggered changes in SCs, hence intensifying 

the SC complexity (Carvalho et al., 2012). This, in fact, might expose SC to increasing 

disruptions and undermine the performance of SC operations (Tang, 2006; Tomlin, 

2006), resulting in aggravated consequences such as deteriorating financial performance 

in short-term and/or weakening competitiveness (Ji and Zhu, 2008). In order to survive, 

organizations would need to be capable of anticipating and responding to disruptive 

events and recover to its initial state after undergoing disruptions (Carvalho and Cruz 

Machado, 2007). Knowing that disruptions of various seriousness and types will likely 

happen to a supply chain (Pettit et al., 2017), companies need to be well-prepared to react 

swiftly, efficiently, and effectively for any potential disruptive incidents, thus becoming 

more protected towards disruptions (Scholten et al., 2014). Therefore, resilience within 

corporations and throughout SC enables both the capability to absorb and endure 

extremity, and the adaptability to new situations (Brusset & Teller, 2017). Alternatively, 

resilience is recognized as the key performance of a firm’s responsiveness and, also as a 

vital element of a firm’s survivability (Hohenstein et al., 2015). It is worth noting that not 

all threats and their consequences are predictable (Christopher & Peck, 2004; Pereira et 

al., 2014). Consequently, in a disruptive event that affect information or goods 

movement, an instantaneous and efficient reaction is needed to reduce the potential 

losses as much as possible (Kamalahmadi & Parast, 2017). To react well to catastrophes, 

companies must build both proactive and reactive action plans to minimize the impacts 

and to stay competitive (Hohenstein et al., 2015).  
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Alternating from the angle of supply chain management (SCM) discipline, the term 

“resilience” which is originated from the realm of materials science, denotes the ability 

of a substance or an object to return to its usual state after experiencing an elastic 

deformation (Ponomarov and Holcomb, 2009). Adopting the concept of resilience to 

Operations Management context, it is comprehended as a “set of organizational 

capabilities” acquired to tackle sudden, unpredicted changes in the operating 

environment with appropriate actions – may it be proactive or reactive in nature in order 

to “anticipate, adapt, respond, recover, and learn from any disruptive event” 

(Kamalahmadi and Parast, 2016; Ali et al., 2017; Karl et al., 2018). Ponomarov and 

Holcomb (2009) considered resilience as a multidisciplinary and multidimensional 

concept. In their study, they looked at resilience concept from five different viewpoints 

which are ecological, social, psychological, economic, and organizational perspectives so 

as to define SCRe in the most comprehensive manner. On this account, they brought up 

the definition of SCRe as: 

“The adaptive capability of the supply chain to prepare for unexpected events, respond to 
disruptions, and recover from them by maintaining continuity of operations at the desired level of 
connectedness and control over structure and function.” (Ponomarov and Holcomb, 2009, p. 131) 

There have been other definitions of SCRe found in the literature as well. Nevertheless, 

they mostly share the same view as the ability of organization or system to forecast and 

respond to the unexpected disruptive events while maintaining control over SC network 

and recover to its original or desired new state (Rice and Caniato, 2003; Ponis and 

Koronis, 2012; Day, 2013). 

Fundamentally, SC resilience is divided into three phases which are Anticipation (Pre-

disruption) Phase, Respond/Resistance (during Disruption) Phase and (Post-

disruption) Recovery Phase (Kamalahmadi and Parast, 2016; Ali et al., 2017; Karl et al., 

2018; Singh et al., 2019). Firstly, the pre disruption phase basically refers to the period 

prior to the disruption occurrence that potentially disrupts the flow of goods and/or 

service, information, and cash in the SC (Karl et al., 2018). The crucial action of this 

phase would be to predict the potential disruptions through a set of planning activities, 

and forecasting methods. Secondly, the respond/resistance phase indicates the point of 

occurrence of the disruptive event(s). In this phase, monitoring and acting quickly on the 

impacts of the disruption is critical to sustain the operations, and mitigate the negative 

consequences. Finally, the recovery (post-disruption) phase points to the aftermath 

period when measuring and monitoring the recovery as well as reflecting on the past 

event are highly important (Hohenstein et al., 2015) 
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2.1.1 Supply chain disruptions 

SC has become more volatile and prone to disruptions in recent times (Norrman and 

Jansson, 2004; Singh et al., 2019). Different actors were scrutinized in different research 

to determine the root cause(s) of increasing vulnerability of SC. According to Norrman 

and Jansson (2004), globalization, increasing integration between business processes, 

reduction of buffers including inventory level and lead time, shortened life cycle of 

products, on-time delivery practices, decrease of supplier base are major contributors to 

SC vulnerabilities, hence proliferating the risks of different SC disruptions. Pereira et al. 

(2014) suggested that fluctuation in the price of raw material and currency as well as the 

increasing variability in demand further exacerbate negative impacts on the stability of 

an SC (Pereira et al., 2014). On top of these, natural catastrophes, logistical errors, lack 

of information and end-to-end visibility, cyber-attacks, poor IT communications, and 

underperformance of partners are also claimed to be main causes of many SC disruptions 

(BCI, 2017; Elementum, 2021).  

As can be seen, SC disruptions stem from both external sources, such as natural 

catastrophes, and internal sources, such as a system failure that prevents all features to 

be implemented in a SC. In many cases, these incidents occur swiftly without prior signal. 

Efforts taken to make the supply chain more streamlined and cost-sensitive can also 

result in disruptions. Many companies’ logistics activities, including but not limited to 

sourcing of raw materials, assembling of parts, manufacturing, or distributing network 

are outsourced to global partners. This inter-connected system intensifies the effect of 

any possible disruptions in the network has on the SC. Due to these increasing risks, it is 

necessary for companies to build comprehensive processes to react swiftly, efficiently, 

and effectively to any sudden disruptions and to continue business as usual (Ponomarov 

and Holcomb, 2009).   

2.1.2 Key indicators of supply chain resilience 

Resilience is a crucial factor of the organizational capabilities that help companies to 

overcome some constraints witnessed in conventional risk management practices, and 

to tackle the perplexing nature of the global SC (Petit et al., 2017; Fiksel et al., 2015). 

Thus, embedding the concept of SCRe into the SC performance measurement is believed 

to enhance organizational capabilities significantly in handling risks and exceptional 

disturbances. According to the literature review on SCRe and key performance indicators 

(KPIs) conducted by Karl et al. (2018), the most common elements of SCRe withdrawn 
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from existing studies include security, trust, robustness, flexibility, redundancy, financial 

strength, risk management, information sharing, collaboration, agility, SC design, 

knowledge management, and visibility. Sharing many similarities on the elements, the 

study of Singh et al. (2019) proposed several other factors that were excluded from the 

research of Karl et al. (2918) which are sustainability, awareness/sensitiveness, market 

position, velocity, adaptability, and public-private partnership.  

The elements and metrics of SCRe are classified into three phases which are anticipation 

(pre-disruption), respond (during disruption), and recover (post- disruption) (Karl et al., 

2018; Singh et al., 2019). In the study of Karl et al. (2018), the authors put a strong focus 

on non-financial metrics as they believe that financial metrics are influenced by and are 

basically the results of non-financial indicators. They further categorized these metrics 

and phases into three spheres which are the company, supplier, and customer to link the 

influences of each indicator to each SC member. According to the authors, these different 

levels of categorization help organizations to formulate appropriate actions that can 

monitor SC performance, and increase the resilience of the organization as well as the 

whole SC (see Figure 1). In many cases, a clear connection between performance 

indicators and SCRe can be noticed. A prominent evidence for this is the link between 

delivery lead time, order lead time, and stock level indicators to the SCRe, especially 

during the disruption and in the recovery phase (Karl et al., 2018). Since companies tend 

to place their focus on orders and respect the deadlines in face of disruption to maintain 

customer satisfaction, safety stocks or excessive stock level would enable the undisrupted 

or shorter order and delivery lead time (Roberta Pereira et al., 2014).  As mentioned, the 

customer satisfaction is seen as the result of the monitoring process of other performance 

indicators (Chan, 2003). Therefore, this indicator can be considered as an essential 

criterion to assess the degree of SCRe (Karl et al., 2018).  
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Figure 1 Aggregation of performance indicators and elements of resilience (Karl et al., 
2018, p.12) 

Although the elements of SCRe included in the mentioned studies might have the same 

terms, but the interpretation and application of these terms to context might differ from 

one study to another. For instance, the “visibility” element in the study of Karl et al (2018) 

will bear slightly different meanings across the three phases of resilience, indicating that 

the visibility in pre-disruption phase will not be understood in the similar manner as in 

disruption phase. On the other hand, the term “visibility” in the work of Singh et al. 

(2019) can share the same definition throughout the phases, referring only to the ability 

to holistically see the SC from end-to-end and spot out the node that is experiencing 

disturbances. Putting forward another example, it was a common view that “flexibility” 

element plays a critical role in the responding phase of the disruption as it reflects the 

organizational capability to efficiently react and adapt to the changing demands of SC 

partners and/or external conditions with minimal cost and time invested (Stevenson and 

Spring, 2007; Petit et al., 2013). However, the performance indicator for this aspect 

varied substantially among studies. In the study of Karl et al. (2018), there are four 

indicators that comprise Flexibility element including Capacity Utilization, Order Lead 

Time, Delivery Lead Time, and On-Time Delivery. These are basically non-financial, 

business process-oriented in nature, and can be seen as performance drivers (Bhagwat 

and Sharma, 2007; Cuthbertson and Piotrowicz, 2008). In contrast, the indicator of 
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flexibility in the research of Singh et al. (2019) is deemed as Total Cost which is financial 

and can be seen as outcome measures (Bhagwat and Sharma, 2007). Provided the 

delineation of “flexibility” in SCRe, the associated metrics for this element might be more 

relevant as non-financial measures. Complementing this argument, the concept of SCRe, 

as defined in the previous section, belongs to the set of organizational capabilities to 

withstand disturbances, and recover to its initial state. Hence, SCRe metrics that related 

to financial aspect such as total cost needs further reasoning why they would reflect SCRe 

during respond phase. Given the inconsistency in the presentation of each term across 

studies, the associated metrics for each element can be claimed as highly context-

dependent. 

Another interesting aspect to discuss in this section is the feasibility of implementing 

SCRe indicators in practice. A prominent example of this case is the measurement of 

“Visibility” metric in SCRe. This element was heavily emphasized as an important factor 

that can strengthen SCRe in the several studies (Hohenstein et al., 2015; Ali et al., 2017) 

as it depicts SC network under an end-to-end viewpoint. Visibility can be comprehended 

as the speed and accuracy of information sharing between partners within the SC (Chan, 

2003; Christopher and Peck, 2004). Even though there have been a few attempts made 

to determine metrics related to this element such as the inclusion of “Real-time strategic 

decision” and “Knowledge of operating assets” as two performance indicators for 

“Visibility” by Singh et al. (2019), standard metrics to measure visibility are not well-

defined in the SCRe literature (Karl et al., 2018). Although it is suggested that the full 

visibility might be achieved through the measurement and management of a group of 

KPIs in some studies (Anand and Grover, 2015; Hohenstein et al., 2015; Ali et al., 2017), 

it is unclear what are the components of these groups of KPIs and how to carry out the 

measurement practices.  

2.2 Supply chain performance measurement  

The concept of supply chain performance measurement (SCPM) and its several related 

aspects, namely the modified Context-Content-Process Framework, various frameworks 

of SCPM, and SC performance metrics will be the focal points of discussion in this 

section. 

The potentials of Supply Chain Management (SCM) have been recognized by numerous 

firms across different industries over the past three decades (Gunasekaran et al., 2001). 

Even though the acknowledgment of the significance of SCM is admitted, the question of 
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“how to develop an effective performance measurement system that can reflect truthfully 

the performance of the SC, hence enabling SC improvements and realization of business 

objectives” is still deemed burdensome for many firms due to the lack of a balanced 

approach, connection to business goals and strategies, and differentiation of metrics 

between strategy, tactical, and operational levels (Steward, 1995; Gunasekaran et al., 

2001; Cuthbertson and Piotrowicz, 2011; 2015). Furthermore, Holmberg (2000) reveals 

that management teams of many companies often take an excessive number of metrics 

into use while not being able to link them to the real needs of customers. Besides, 

although a handful of metrics are employed into the performance management practices, 

employees across all managerial levels or in different functional areas often find it 

challenging to comprehend underlying purposes of these metrics in most cases 

(Holmberg, 2000). On these accounts, it is extremely crucial to define objectives of 

performance measurement with respect to the business strategy and goals (Gunasekaran 

et al., 2001). In addition, these measures should also adopt a balanced approach, 

meaning both financial and non-financial measures are treated as equally important, and 

demonstrate a clear distinction between strategic, tactical, and operational level 

(Steward, 1995; Gunasekaran et al., 2001). 

Fundamentally, SCPM is a context-dependent process that is tailored to specific SC 

requirements (Piotrowicz and Cuthbertson, 2011). Many existing studies viewed SCPM 

as internal performance indicators that focuses heavily on the operations of a focal 

organization without considering the inclusion of other members in the SC network. 

Therefore, Simatupang and Sridharan (2008) strongly criticized this view and contended 

that SCPM is required to reflect the performance of each actor of the SC network, hence 

demonstrating the overall performance of the whole SC. Neely et al (1995) and Maestrini 

et al (2018) further complemented this perspective in their research and argued that the 

performance measurement system should provide support to the implementation of SC 

strategy and enable the smooth SC orchestration.  

Although there is a good foundation of theoretical constructs on the topic of SCPM 

(Cuthbertson and Piotrowicz, 2008), there are still several problems that need to be 

addressed when designing SCPM.  

• Firstly, in the past, companies tended to value financial measures while failing to 

notice the importance of non-financial measures, creating the imbalance between 

these two types of measures (Beamon, 1999; Holmberg, 2000; Gunasekaran et 

al., 2001; Bullinger et al., 2002). Basically, the financial indicators are the 
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outcomes of the management and monitoring of a single or a set of non-financial 

measures (Karl et al., 2018).  

• Secondly, there is a lack of connection between SC performance metrics to the 

overall strategy and business objectives (Beamon, 1999; Holmberg, 2000; 

Bullinger et al., 2002).  

• Thirdly, Holmberg (2000) mentioned that the number of metrics taken into use 

are often too excessive, making it difficult to keep track and monitor the 

performance. In many cases, one or several metrics might compromise another 

metric or a group of metrics (Bhagwat and Sharma, 2007; Cuthbertson and 

Piotrowicz, 2008; 2011). On this basis, having too many metrics would blur out 

the focus areas and unnecessarily complicate the measurement system.  

• Fourthly, the performance metrics are not comprehensible across all functions 

and managerial levels (Brewer and Speh, 2001). Beside hindering the 

commitment of responsible personnel, this problem inherently isolates metrics 

into silos. In this sense, people across organizations would have difficulties 

understanding the importance of metrics that do not belong to their function 

while SC performance should be considered as cross-functional.  

• Fifthly, there is often lack of clear differentiation between different level of 

measurement, meaning strategic, tactical, and operational layers (Gunasekaran 

et al., 2001).  

• Sixthly, metrics often only reflect the past while not offering forward-looking 

perspective (Bullinger, 2002). This might lead to the missed opportunity of 

foreseeing the early warning indicators for potential disruptive events in the 

future or possibility to maximize operational efficiency. 

• Finally, in many cases, SC performance metrics might overlook the performance 

of other partners within the supply chain, hence obscuring the end-to-end 

visibility of the SC operations in its entirety (Simatupang and Sridharan, 2008).  
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2.2.1 Context-Content-Process (CCP) Framework in supply chain 

performance measurement 

The design of Context-Content-Process (CCP) framework was first introduced by 

Pettigrew (1985) in his research about the advancement of business strategy, 

organizational structure and culture, technology, and union-management relations of a 

corporate. This framework was later on adopted by different streams of research 

including but not limited to information systems management (Stockdale and Standing, 

2006), and performance management (Cuthbertson and Piotrowicz, 2011; 2015; 

Reunanen, 2018). In the field of SCPM, Cuthbertson and Piotrowicz (2011) analyzed and 

assessed the performance measurement systems of various supply chains using CCP 

framework as the principal research structure. Advancing beyond the conventional and 

traditional aspects of a performance measurement system namely metrics or sets of 

metrics, systems, tools, and methods, this framework takes context into consideration as 

the authors claimed that the SCPMS will bring little to no value if the supply chain 

operations and the influential factors surround it are poorly defined and understood 

(Cuthbertson and Piotrowicz, 2011).  
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Figure 2 Framework to analyze supply chain performance measurement system 
(Cuthbertson and Piotrowicz, 2011, p.585) 

Figure 2 demonstrates the components of CCP framework modified for the design of 

SCPM. Essentially, CCP framework is composed of three fundamental building blocks 

which are context, content, and process that the PM is involved in, contained of, and 

carried out. The first component, which is the context of PM, describes the conditions in 

which the measurement is conducted. Internal environment which considers all related 

organizational factors including organization’s strategy, objectives, structure, culture, 

methods and philosophy of management, and company size, while external environment 

which encompasses all aspects of the SC environment including the industry/sector, SC 

model, all forms of external integration with business partners, number of participants 

within the SC network, geographical coverage, and involved stakeholders, are of primary 

interest. These information shapes both inside-out and outside-in understanding of the 

organization and its surrounding business ecosystem. The second component, which is 
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the content of the PM, identifies what will be measured to reflect the performance of the 

SC. In this section, the evaluation of importance of individual metrics and their 

alignment to overall business strategy and specific SCM strategy is carried out. 

Afterwards, the defined metrics will be grouped into meaningful categories that the 

organization would like to monitor and improve upon. The final component, which is the 

process of measuring SC performance, portrays how to implement the measurement. 

Different methods and tools are discussed alongside with system design to facilitate the 

measuring process. In this layer, selecting appropriate metrics and determining metrics 

usage through the establishment of data strategy including data capture and data 

analysis will be two critical actions to consider and undertake (Cuthbertson and 

Piotrowicz, 2011).  

2.2.2 The frameworks of supply chain performance measurement 

Regardless of the nature of industry or product/service offerings, the importance of 

performance measurement systems is well-aware among both researchers and 

practioners (Bititici et al., 2004). There are various existing performance measurement 

frameworks in the literature, serving different purposes and objectives when an entity 

would like to keep track on the performance of desired areas. Three major frameworks 

that are commonly used when measuring SC performance, including modified Balance 

Scorecard framework, SCOR model and process-based framework (Piotrowicz and 

Cuthbertson, 2015) will be scrutinized in this sub-section.  

2.2.2.1 Balance Scorecard (BSC) framework in supply chain performance 

measurement 

The Balance Scorecard (BSC) framework is not a new concept as it was originally 

introduced by Kaplan and Norton in 1992. In the past, the financial performance 

indicators were highly valued and seen to triumph over other non-financial indicators – 

if existing (Kaplan and Norton, 1992). Hence, the primary purpose of the framework was 

to propose a unique angle when examining the performance of an organization. In the 

study, Kaplan and Norton (1992) suggested that instead of emphasizing on metrics that 

are purely tied to financial aspect, an organization should take into account four distinct 

perspectives that keep a healthy balance “‘between short term and long term objectives, 

between financial and non-financial measures, between lagging and leading indicators, 

and between internal and external performance perspectives’’ (Bhagwat and Sharma, 
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2007, p.45) including customer, financial, internal business process, and growth and 

learning perspectives. 

Kaplan and Norton (1992) articulated the logic behind each of the perspective included 

in the BSC framework as follow: 

• Firstly, customer perspective focuses on value-adding view. Looking from this 

perspective, organizations should ask “How do customer sees us?”. The authors 

categorized the concern of customer into four dimensions which are time, quality, 

performance and service, and cost. On this basis, it was emphasized that setting 

objectives and measures focusing on adding more value to customers is critical 

for this perspective. 

• Secondly, internal business process perspective defines in which area 

organizations must excel at internally in order to satisfy the demand, and 

expectations of customers since customer satisfaction is basically achieved 

through internal business processes. Kaplan and Norton (1992) contended that 

the focal areas of this perspective are the processes that exert strongest influence 

on customer satisfaction metrics, including cycle time, quality, productivity, and 

cost.  

• Thirdly, different from the two previous perspectives, growth and learning 

perspective attends to the ability of organization to “innovate, improve, and 

learn” as continuous improvement is significant to sustain company’s 

competitiveness in the market, hence improving organization’s ability to deliver 

more value to customers and enhance the performance of its business processes 

(Kaplan and Norton, 1992). 

• Lastly, financial perspective highlights the view of shareholder, emphasizing on 

the goal of delivering value to shareholders. This perspective attempts to reflect 

the contribution of company’s strategy, and implementation to the final 

outcomes. Profitability, growth, and shareholder value are considered standard 

measures of financial perspective (Kaplan and Norton, 1992). 

Nevertheless, it is important to note that the understanding of BSC framework might 

alternate slightly from SC context to the corporate management context as the scope and 

objectives of the two streams are not correspondent.   
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Adapted from Kaplan and Norton’s description of BSC framework, Figure 3 visualizes 

the measurement framework with classification of three measurement levels including 

Operational, Tactical, and Strategic level (Bhagwat and Sharma, 2007). These 

measurement levels indicate the time horizon of when the measurement take place. 

 

Figure 3 Illustration of BSC framework (adapted from Kaplan and Norton, 1992) 

According to Golrizgashti (2014), there is a strong intensity of correlation among all 

perspective of the BSC on each other, indicating a solid cause-and-effect relationship 

between these perspectives, and their related metrics. Essentially, the improvement of a 

perspective will positively impact other perspectives, with respect to the SC performance 

(Bhagwat and Sharma, 2007; Golrizgashti, 2014). In details, the results of Golrizgashti’s 

analysis using factor analysis method demonstrated that customer perspective shows 

evident connection to other perspectives. The finding implies that the financial growth 

of a company in term of market shares, and profitability is the result of better customer 

satisfaction level. Similarly, when business process efficiency and effectiveness are 

enhanced, the financial outcomes will be improved accordingly (Golrizgashti, 2014). 

2.2.2.2 SCOR framework 

By definition, SCOR model is a business process reference model, or also known as 

business process framework that connects “process elements, metrics, best practices, 

and technology into a unified structure to support communication among supply chain 

partners and to improve the effectiveness of supply chain management and related 

supply chain improvement activities” (APICS, 2017, p.4). Essentially, this model 
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provides the description of organization’s process architecture – including the 

interaction within the process, its performance, its configuration, and the required 

capabilities and skills of the employees who operate the process, that is comprehensible 

to other stakeholders. APICS (2017) explained the primary aim of SCOR model is to 

delineate business activities that are involved in different phases of meeting customer 

requirements. However, the model neither aims to include every business process, 

activity nor functions into its scope but rather to focus on physical material transactions, 

customer, and market interactions. That said, areas such as research and development, 

product development, the aspect of demand generation which is sales and marketing, 

human resources, and quality control are not considered (APICS, 2017).  

In order to standardize any forms of SC operations that vary in complexity to ensure the 

adaptability of the model, SCOR is structured around six principal processes that 

comprise the SC operations which are Plan, Source, Make, Deliver, Return, and Enable 

(APICS, 2017). There are four pillar components that compose SCOR references model 

which are Performance, Process, Practices, and People. To begin with, Performance 

component is the component that defines the metrics used to reflect on the performance 

of a process and delineation of associated strategic goals. Process component elaborates 

on the management processes and relationships between processes. Practices 

component presents the management practices that enhance the performance of 

process. Lastly, People component addresses required professional capabilities to 

operate SC processes. (APICS, 2017). In the scope of this study, performance dimension 

appears as the most relevant aspect to scrutinize as this dimension deep dives into the 

area of process performance and related metrics (see Figure 4).  
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Figure 4 Visualization of SCOR model (based on description provided by APICS, 2017) 

According to APICS (2017), the Performance component of SCOR model is comprised of 

two factors which are Performance Attributes and its related metrics. The former factor 

basically exhibits a strategy that the SC pursues through a grouping of multiple metrics. 

Performance Attributes are divided into two sets of characteristics in which Reliability, 

Responsiveness and Agility are seen as customer-focused while Cost and Asset 

Management are seen as internal-focused. The latter factor, meaning the metrics, 

demonstrates the ability of an SC to accomplish the associated attribute. In essence, the 

structure of these metrics is hierarchical as it attempts to demonstrate the diagnostic 

relationship between three levels of process as demonstrated in Figure 5 (APICS, 2017). 

For instance, level 2 metrics are used as diagnostics for metrics of level 1, indicating that 

performance discrepancies or enhancements of level 1-metrics could be identified by 

observing performance of level 2-metrics. This form of performance analysis is denoted 

as “metric decomposition” or “root-causing” (APICS, 2017). 



 
 

 

29 

 

Figure 5 Example of a performance attribute in SCOR model and its associated metrics 
(based on description provided by APICS, 2017) 

2.2.2.3 Process-based framework  

Process-based framework takes key business processes of SCM into consideration since 

it views SCM discipline as “the integration of key business processes from end user 

through original suppliers that provide products, services, and information that add 

value for customer and other stakeholders.” (Lambert, 1998 p.4), This definition 

indicates that SCM spans beyond the management of core processes of single business 

entities. This framework proposes that the key business processes in an SC can be 

standardized across different businesses, operating in different industries through the 

management of six core SC functional areas which are Suppliers, Inbound Logistics, Core 

Manufacturer, Outbound Logistics, Sales and Marketing, and End-consumers. In order 

to gain an in-depth view of the core processes and determine their performances, each of 

the mentioned process needs to be decomposed into “sub-processes” and “activities”, 

then be measured according to the Performance of Activity (POA) method (Chan and Qi, 

2003). Following this method of measurement, the performance of each identified 

process is basically the result of multiple associated sub-processes composed of multiple 

activities. According to the same study, the authors contended that these key processes 

basically can be classified into specific SC functions.  

Nevertheless, different organizations have different set of unique characteristics based 

on their strategy, business objectives, and especially the SC environment (Cuthbertson 

and Piotrowicz, 2011; 2015). Consequently, even though the high-level process might be 
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comparable among businesses to some extent, the decomposition of sub-processes and 

related activities might vary significantly from one to another. On this account, Chan and 

Qi (2003) proposed a course of actions that can help to identify, analyze, and decompose 

the key business processes into measurable components (see Figure 6). Fundamentally, 

the process starts from identifying connection of all inter- and intra-organizational 

processes. After having these connections identified, the core processes would then need 

to be defined and confined according to its importance and potential value. In addition, 

it is important to delineate the missions, responsibilities, and functions of these 

processes. The next step would be the decomposition phase where all sub-processes 

related to a core process would need to be determined. Similar to the core processes 

identification phase, missions, responsibilities, and functions of the sub-processes would 

also need to be specified, followed by a further decomposition phase that specifies all 

associated base activities of the identified sub-processes. At the end, the final step is to 

build linkages of goals between each level of decomposition to harmonize and align all 

these decomposed layers, meaning processes, sub-processes, and associated activities. 

 

Figure 6 General structure of decomposing process (Chan and Qi, 2003) 

As mentioned earlier, the performance of a process is basically the aggregation of results 

of its lower-level sub-processes and activities that are measured separately. Elaborating 

on the Performance of Activity (POA) method that is used to measure the performance 

of an SC process, it was argued that processes which involve associated activities, use up 

resources of organizations as inputs, including working capital, time, workforce, 

facilities, and generates different forms of outcomes such as value-added products 

and/or services as outputs. Based on the ground of these performance dimensions, POA 

method proposes “a board of performance metrics” that depicts all mentioned aspects, 

covering both inputs and outcomes. Visualizing the concept of POA introduced by Chan 

and Qi (2003), Figure 7 outlines six aspects of inputs dimension, including cost, time, 
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capacity, capability, productivity, utilization, and the outcome of a process in order to 

thoroughly and comprehensively measure its performance.  

 

Figure 7 Visualization of POA method (based on description of Chan and Qi, 2003) 

Chan and Qi (2003) further explains each aspect of the POA method as follow: 

• The aspect of Cost represents the expenditure spent to execute the activity, 

• Time aspect is defined as the period of time required to carry out a specific event 

or an activity, from the beginning to the end, 

• Capacity aspect indicates the ability of an activity to accomplish a task or a 

function, 

• Capability aspect demonstrates the ability of a specific activity to be utilized and 

developed for certain purposes. Falling under the umbrella of capability, four 

other sub-categories are taken into account to depict the most critical 

characteristics of the activity’s capability, which are Effectiveness, Reliability, 

Availability, and Flexibility. 

• Productivity aspect refers to the efficiency and effectiveness of an activity to 

transform inputs into outcomes at the expense of utilized resources, 

• Utilization aspect denotes the rate of resource utilization in order to perform a 

specific activity, 
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• Different from six previous aspects of inputs, Outcomes exhibits the results or 

added values that a specific activity brings.  

For instance, Figure 8 displays the process of inventory management. Using POA 

method, the process can be measured through seven different dimensions including 

Inventory Carrying Cost (Cost), Flow rate (Time), Inventory Accuracy (Effectiveness), 

Inventory Availability (Availability), Inventory Productivity (Productivity aspect), and 

Working Inventory rate and Stock Unit Utilization (Utilization aspect). It can be seen 

from the figure that not all aspects of inputs and outputs are addressed per POA method’s 

description. This could mean that one measure is able to reflect multiple aspects of the 

measurement framework. Nevertheless, this should be elaborated more in details. 

 

Figure 8 Example of a POA method (based on the description of Chan and Qi, 2003) 

2.2.3 Supply chain performance metrics 

As discussed previously, performance measurement provides feedback on certain 

activities, hence demonstrating areas that requires attention in order to enhance their 

efficiency, effectiveness, and overall quality (Chan, 2003). Unlike the performance 

measurement framework that sets high-level, conceptual view of the overall SC 

performance based on business strategy and objectives, performance measures are the 

content of the framework, determining through which area within the SC that 

organizations must monitor in order to achieve its strategic objectives.  

Kaplan and Norton (1992) emphasized on the three critical principles when developing 

and deploying BSC framework which appears to be applicable to the selection of 

performance measures for any performance measurement frameworks. Firstly, it is of 

paramount significance to establish cause-and-effect between selected metrics as it was 
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argued that strategy is basically “a set of assumptions about cause-and-effect” (Bhagwat 

and Sharma, 2007, p.56). Secondly, identifying the performance drivers and outcome 

measures is highly crucial in deepening the understanding of cause-and-effect 

relationship between selected metrics and developing a deeper understanding of the 

metrics themselves. In fact, outcome measures can be considered generic and strategy-

based while performance drivers are specific to the company and act as enablers of the 

achievement of strategic goals. Without the inclusion of outcome measures, performance 

drivers might solely help companies to realize short-term operational improvements 

(Bhagwat and Sharma, 2007). Lastly, being able to link non-financial measures to 

financial measures is extremely critical to translate operational performance 

improvements into monetary terms.  

In literature, when listing out a set of SC performance measures for scrutiny, researchers 

often tie these measures into different functional areas of the SC, in order to cover the 

most important aspects of SC operations (Gunasekaran et al., 2001; Bhagwat and 

Sharma, 2007).  Gunasekaran et al. (2001) stated that procuring orders is the initial 

activity for any company to start with. Essentially, how orders are entered and planned 

in the system will likely impact the performance of downstream activities and level of 

inventory. That said, evaluating the performance of order-related activities is considered 

the crucial first step of assessing SC performance. In this case, order entry method, order 

lead time, and customer order path are three measures designated for planned order 

procedures (Gunasekaran et al., 2001, Bhagwat and Sharma, 2007). 

Strong and healthy partnership within an SC ensures smooth SC operations (Fisher, 

1997, Towill 1997). By definition, SCM indicates an integrated network of participants, 

collaborating to deliver a smooth flow and transformation of goods and/or service from 

the point of origin, meaning raw material suppliers to the point of consumption, meaning 

end-consumers (Lambert et al., 1998). Hence, it is evident that the coordination efforts 

between SC partners reflects truthfully the performance of an SC as a whole. Aggregated 

from several existing studies, Gunasekaran et al. (2001) suggested five criteria to 

evaluate SC partnership, which are level and degree of information sharing (Toni et al., 

1994; Mason-Jones and Towill, 1997), buyer-vendor cost saving initiatives (Thomas and 

Griffin, 1996), extent of mutual co-operation leading to improved quality (Graham et al., 

1994), the entity and stage at which supplier is involved (Toni et al., 1994), and extent of 

mutual assistance in problem solving efforts (Maloni and Benton, 1997).  
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Production is the subsequent phase of planned order procedures that exerts strong 

impacts on the “product cost, quality, speed of delivery, and on delivery reliability and 

flexibility” (Gunasekaran et al., 2001, p.76). The performance metrics of this area 

includes range of products and services, capacity utilization and effectiveness of 

scheduling techniques (Bhagwat and Sharma, 2007). 

Among key SC processes, delivery is the area that directly interacts with the customers, 

hence regarded as the “driver of customer satisfaction” (Stewart, 1995). Basically, 

delivery channel, the scheduling of vehicle, and location of warehouse are principal 

contributors to the performance of delivery (Gunasekaran et al., 2001). Therefore, 

comprehending the connection between delivery channels and operating schedules to 

strategically select the appropriate delivery channels as well as setup scheduling and 

location policies are claimed to help enhance delivery performance (Gelders et al., 1994). 

The common measures of delivery performance are delivery-to-request date, delivery-

to-commit date, and order fill lead-time (Stewart, 1995). Gunasekaran et al. (2001) also 

recommended to include the number of faultless notes invoiced, flexibility of delivery 

systems to meet particular customer needs, percentage of goods in transit, and quality of 

information exchanged between the focal companies and logistics service providers as 

core metrics of delivery performance. In addition, an efficient and cost-effective 

distribution system contributes greatly to logistics performance. Therefore, 

understanding total logistics cost can portray which cost component of the equation can 

still be optimized.  

Lee and Billington (1992) contended that SC performance metrics need to be associated 

with customer satisfaction in order to effectively measure and manage SC performance. 

Critical metrics to this aspect could involve customer query time, flexibility, and post 

transaction measures of customer service that are decomposed into the level of service 

in comparison to competitors and customer perception of service (Gunasekaran et al., 

2001; Bhagwat and Sharma, 2007).   

The final aspect of this exercise is SC finance and cost that reveals the financial 

performance of the SC. Cost associated with assets and return on investment (ROI) and 

total inventory cost that is comprised of incoming stock, work in progress, scrap level, 

and finished goods in transit are prominent indicators. Noticeably, Fisher (1997) 

mentioned that the inability to forecast demand is the primary contributing factor that 

leads to proliferation in inventory costs and other inventory-related issues. On this basis, 
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Gunasekaran et al. (2001) proposed that Accuracy of Forecasting Techniques is an 

important metric to consider.  

Based on the key SC processes elaborated above, Table 2 below aggregates the most 

common metrics used to assess the SC performance from literature.  

Metrics Authors 

Variations against budget Gunasekaran et al. (2001) 

Total SC response time Stewart (1995) 

Total SC cycle time Gunasekaran et al. (2001) 

Order lead time Gunasekaran et al. (2001); Lohman et al. (2004) 

Order fulfilment lead time Supply Chain Council (2010) 

Customer response time Lohman et al (2004) 

Total Cash flow time Gunasekaran et al. (2001) 

Fill rate (target fill rate 

achievement & average item fill 

rate) 

Beamon (1999); Bullinger et al (2002); Chan (2003); Chan and Qi 

(2003); Lohman et al (2004) 

Forecast accuracy Stewart (1995); Gunasekaran et al. (2001); Bullinger et al. (2002) 

Order flexibility Chan and Qi (2003) 

Use of new technology Chan (2003) 

Information accuracy Van der Vorst and Beulens (2001) 

Information timeliness Van der Vorst and Beulens (2001) 

Information availability Van der Vorst and Beulens (2001); Cuthbertson and Piotrowicz 

(2008) 

Supplier assessment metrics  Gunasekaran et al. (2001) 

Inventory cost as incoming stock 

level, work-in-progress, scrap 

level, finished goods in transit 

Gunasekaran et al. (2001); Lohman et al. (2004); Bullinger et al. 

(2002) 

Capacity utilization Gunasekaran et al. (2001) 

Inventory flow rate Chan and Qi (2003) 

Inventory days of supply Stewart (1995); Supply Chain Council (2010) 

Stock capacity Chan and Qi (2003) 

Stockout probability Beamon (1999); Bullinger et al (2002); Chan (2003) 

Total logistics cost Stewart (1995); Gunasekaran et al. (2001) 

Frequency of delivery Gunasekaran et al. (2001) 

Delivery lead time Stewart (1995); Gunasekaran et al. (2001) 

Delivery performance  Stewart (1995); Gunasekaran et al. (2001) 

Delivery reliability (including 

Quality of delivered goods and On-

time delivery) 

Gunasekaran et al. (2001) 

Perfect Order Fulfilment Bullinger et al (2002); Supply Chain Council (2010) 

Effectiveness of distribution 

planning schedule 

Gunasekaran et al. (2001) 
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Delivery flexibility Beamon (1999); Chan and Qi (2003) 

Responsiveness to urgent 

deliveries 

Gunasekaran et al. (2001) 

Customer Query time Gunasekaran et al. (2001) 

Customer satisfaction Beamon (1999); Gunasekaran et al. (2001); Chan (2003); Chia et 

al. (2009); Bullinger et al. (2002) 

Level of customer perceived value 

of product 

Gunasekaran et al. (2001) 

Customer complaints Beamon (1999); Bullinger et al. (2002) 

Flexibility of service systems to 

meet particular customer needs 

Gunasekaran et al. (2001) 

Delivery flexibility Lohman et al (2004) 

Volume flexibility Beamon (1999); Chan (2003); Lohman et al (2004) 

Employee satisfaction Chia et al (2009) 

Employee turnover per year Chia et al (2009) 

Number of demands/suggestions 

implemented yearly 

Chia et al (2009); Bullinger et al. (2002) 

Money invested in employee 

training yearly 

Chia et al (2009) 

Table 2 Aggregation of common SC performance metrics in literature  

2.3 Connection between the supply chain performance metrics and key 

indicators of SCRe 

Referring to the list of most commonly used metrics for SC performance illustrated in 

the sub-section 2.1.2 of this chapter, it is crucial to also consider those measures that can 

strengthen the resilience of a SC. The study of Hohenstein et al. (2013) attempted to 

identify the key performance indicators used in SC context and to combine the identified 

indicators with elements that could support SCRe. From this study, the authors proposed 

three key performance indicators that can measure SCRe which are customer service, 

market share and financial performance. Nevertheless, Karl et al. (2018, p.5) criticized 

these three proposed indicators as “broad” and lack of consideration on how non-

financial indicators could help strengthen SCRe. Based on this critique, Karl et al. (2018) 

excluded the study results of Hohenstein et al. (2013) in their research. According to the 

authors, capacity utilization, stock level, quality of delivered goods, order lead time, 

delivery lead time, on-time delivery of goods, supplier delivery efficiency, supplier 

rejection rate, customer satisfaction, and damage return rate are regarded as important 

indicators for SCRe. It is undeniable that non-financial indicators can play a major role 

in enhancing the SCRe. Nevertheless, it is arguable that financial indicators should also 

be a contributor to evaluate overall resilience of a SC. From the list of commonly used 
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measures in evaluating SC performance, many of which are embedded within itself 

certain elements of resilience and different phases of SCRe require a certain set of 

associated elements. Therefore, it is of paramount importance to map the metrics to 

these resilience elements and assign them accordingly to the three phases within the 

conceptual framework of SCRe, which are pre-, during, and post- disruption.  

In essence, there is a strong connection between the elements of resilience and the 

performance measures of SC. For instance, in order to precisely forecast market demand 

and plan activities within the SC, sharing information and collaborate with involved 

partners across the chain in an effective manner would enhance significantly the forecast 

accuracy, hence leading to the reduction in inventory holding and logistics cost as well 

as the improvement on delivery reliability indicators. Additionally, redundancy in form 

of safety stock level would be an effective risk management tactic to handle sudden peak 

in demand or disruptions in either delivery or production, thus accelerating the speed of 

recovery within the SC once disruptions occur. Agility is also another critical element as 

it increases the adaptability of the SC when facing rapid changes in the operating 

environment. Therefore, an agile SC is believed to be able to minimize lead time and total 

operating cost. Synthesizing elements of resilience from the studies of Karl et al. (2018) 

and Singh et al. (2019), Table 3 below presents some relevant SC performance metrics 

selected from the list of common metrics demonstrated in the previous sub-section and 

its associated elements of resilience across different phases of disruptions.  

Metrics Pre-disruption Disruption Post-Disruption  

Total SC cycle time Security, Risk 

Management 

Collaboration, 

Agility, 

Flexibility, SC 

design 

Visibility, 

Collaboration 

Order lead time Risk Management  Agility, 

Flexibility, 

Redundancy, SC 

design 

Adaptability 

Forecast accuracy (Demand, 

Production & Logistics Planning) 

Awareness, Visibility, 

Information sharing 

Collaboration Information sharing 

Use of new technology Robustness Agility, 

Flexibility 

Adaptability 

Information accuracy, 

information timeliness and 

information availability 

Visibility, 

Information sharing 

Visibility, 

Information 

sharing, 

Collaboration 

Visibility, Information 

sharing, Collaboration 
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Supplier performance assessment  Security, Knowledge 

Management, Risk 

Management, Trust 

Collaboration Knowledge 

Management, 

Collaboration 

Inventory holding cost  Collaboration  

Capacity utilization Knowledge 

Management 

Agility, 

Flexibility 

 

Inventory days of supply Visibility, 

Information sharing, 

Risk Management, 

Robustness 

Information 

sharing, Agility 

Redundancy 

Information sharing 

Stock level & Stockout probability Information sharing, 

Risk Management, 

Robustness 

Information 

sharing, Agility, 

Redundancy 

Information sharing 

Safety stock Awareness, Risk 

Management, 

Knowledge 

Management, 

Robustness 

Redundancy  

Total logistics cost  Flexibility Agility 

Delivery lead time Knowledge 

Management, Risk 

Management 

Information 

Sharing, Agility, 

Flexibility 

Knowledge 

Management, 

Information sharing, 

Collaboration 

Quality of delivered goods Knowledge 

Management, Trust 

Collaboration, 

SC design 

Knowledge 

Management 

On-time delivery Security, Trust Flexibility Knowledge 

Management, 

Collaboration 

Effectiveness of distribution 

planning schedule 

Awareness, Visibility  Information 

sharing, 

Collaboration 

Information sharing, 

Collaboration 

Delivery flexibility Security, Trust, Risk 

Management 

Information 

Sharing, 

Collaboration, 

Agility, 

Flexibility   

Collaboration 

Responsiveness to urgent 

deliveries 

 Information 

sharing, 

Collaboration, 

Agility, 

Flexibility 

Collaboration 
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Customer satisfaction & Customer 

complaints 

Security, Knowledge 

Management, 

Information sharing 

Information 

sharing, 

Collaboration, 

Agility, 

Redundancy and 

SC design 

Knowledge 

Management, 

Information sharing 

Number of demands/suggestions 

implemented yearly 

Robustness Agility, 

Flexibility 

Adaptability 

Table 3 Analysis of selected metrics and associated resilience elements and phase of 
disruptions  

From Table 3, it can be seen that early warning indicators, implying those metrics 

assigned to Pre-disruption phase, are often embedded within themselves the elements of 

Awareness, Security, Knowledge Management, Information sharing, visibility, trust, 

Risk Management, Robustness, and Awareness.  
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3 RESEARCH METHODS 

This chapter elaborates on the selected research methods of the thesis. Based on the 

framework proposed by Näslund et al. (2010), the research framework of this thesis can 

be dissected into three major components which are research design, data collection, and 

data analysis. Firstly, the opening section will present the research design, entailing the 

discussions of choice of research approach, the delineation of case study research, and 

case selection for analysis. Secondly, the following section will focus on data collection 

phase, describing the instruments and methods used for both primary and secondary 

data collection. Thirdly, the concluding section will address the multiple facets of data 

analysis, and the criteria for quality assessment in qualitative research.   

3.1 Research design 

According to Patton (2015), when conducting a research, the researcher presumably has 

a question or a set of questions that need to be answered in order to fulfil the purpose of 

the research. He contended in his study that “A Design Is a Plan.” (Patton, 2015, p.372).  

Patton (2015) identified the five principal types of research which are basic research, 

applied research, summative evaluation, formative evaluation, and action research. 

Fundamentally, each research type serves a certain research purpose that aims for a 

distinct research focus, hence providing different research designs and delivering 

different outcomes (Patton, 2015). Based on the proposed research questions and its 

overall aim, this research can be categorized as action research - following Patton’s 

classification of research type. In practice, this research attempts to penetrate into the 

case company in order to understand all aspects of its internal and external 

environments, then seek a solution to the problem that the case company is urging to 

solve, which is identifying the performance measurement system of its SC operations 

that can both reflect their performance and provide cautionary warnings about potential 

SC disruptions. The desirable result of this study would be a recommendation or a set of 

recommendations that advise the case company on how to setup a SCPMS that can fit to 

its overall business strategy and objectives and inform potential disruptions that might 

occur in their SC. 

This research is exploratory in its nature as the concept of integrating the SCRe elements 

into the SCPM is fairly new and still in formative stage. Ellram (1996) and Stuart et al. 

(2002) argued that the application of case study approach in an exploratory research is 
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helpful for researchers in exploring the emerging concept in real world settings and 

extract the patterns that can demonstrate what is happening and how and why 

things/events take place. Based on this argument, case study approach is seen as highly 

relevant for this research since it will potentially illuminate understanding of SCRe 

concept from the perspective of performance management. 

On top of that, the level of research engagement categorizes this study as engaged 

research as it witnesses the active collaboration between the researcher and organization 

involved in the research (Fisher, 2010). Basically, the researcher is employed by the case 

organization, and participates in different activities of the organization to collect data. 

Simultaneously, the personnel of the organization actively provide insights and critical 

data points to the researcher, either voluntarily or upon request, all aiming at fulfilling 

the purpose of the research. Given the characteristics of an engaged research, the author 

maintains control over the usage and analysis of collected data despite heavy 

involvement of the organization in this research. Fisher (2010) further defined four roles 

of a researcher in an engaged research, which are the judge, the academic, the covert 

participant observer, and the fly on the wall. Depending on the degree of interaction and 

the relationship of the researcher with the research subject, a relevant role is applied 

accordingly. Since the author has explicitly informed and stated overall aim of this 

research to the organization, the role of the author is seen as “The judge” based on 

Fisher’s classification, meaning that the researcher can be open and honest during the 

research conduct, and allow the research subject to align their understanding with that 

of the researcher to avoid misinterpretation. However, a setback of this role is that those 

being studied might alter their behaviors and adjust information input in order to 

manipulate the viewpoint of the researcher to their favor. Hence, the researcher needs to 

acknowledge both advantages and disadvantages of this role to conduct the research 

effectively and impartially. 

3.1.1 Choice of research approach  

According to Saunders et al. (2016), there are three common approaches to theory 

development which are deductive, inductive, and abduction. The first approach, namely 

deductive, starts with the scrutiny of an existing theory then formulates a research 

strategy in order to test the theory. The second approach, which is the opposite of 

deductive, is inductive approach. This approach starts with gathering data and empirical 

evidence to understand about a phenomenon in order to generate or construct a new 
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theory which is typically in form of a conceptual framework. The final approach is 

abductive approach. This approach suggests that the research process is triggered by data 

collection activities to explore a phenomenon so as to build a new theory or modify an 

existing theory then subsequently test the theory through additional data collection. It is 

important to note that these elements are not mutually exclusive, and multiple 

approaches can be integrated within a research.  

Principally, this thesis is embedded within itself both inductive and deductive elements. 

Touching upon deductive element of the research, the CCP framework was examined and 

selected as the foundation of the research which is primarily used to locate relevant 

studies of the theoretical framework and to guide the data collection process of the 

empirical study. In this case, the research attempted to validate the applicability of an 

existing conceptual framework in literature, which is the CCP framework. On the other 

hand, the aim of this research is to develop a concept about integrating elements of SCRe 

into a SCPMS to provide warnings on potential disruptive events caused by operational 

failures within the SC, which is novel in literature. This concept fundamentally requires 

extensive observations on real life operations of the case company. The attempt to 

develop a new conceptual framework in literature from collected data essentially fix 

inductive element into the research. 

3.1.2 Choice of research methods 

Qualitative research often investigates rigorously “a particular case(s), a single entity, or 

a specific event with qualitative methods” (Näslund, 2002. p.329). According to 

Silverman (2011), there are four principal methods that are typically adopted and 

combined in qualitative research which are observe, analyze text and documents, 

interviews and records, and transcribe. Despite of receiving criticism because of its 

inability for generalization, qualitative research method allows researchers to take 

context of the research subject into consideration, and to study a complex phenomenon 

in good depth (Patton, 2015; Saunders et al., 2016). Näslund (2002) criticized that 

quantitative method has been accounted as a principal research method in majority of 

research in the realm of logistics while the use of qualitative case study has been 

inadequate. According to the scholar, this reality is deemed as troublesome since no 

research paradigm should dominate any disciplines. This research pursues qualitative 

case study method in which a case company will be chosen and scrutinized in-depth to 
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illuminate critical knowledge about the case that can potentially provide answers to the 

research questions proposed in the beginning of the research.  

In order to effectively execute the research plan, consideration of appropriate research 

methods is deemed as highly important. Interviews, questionnaires, panels, 

observations, documents, and databases are the most widely used research methods 

(Fisher, 2010). Using Fisher’s guidelines for conducting an exploratory research, 

included herewith are the main methods applied in this research work: 

• Based on the characteristics of an exploratory research which encourages the 

researchers to take an open mindset and not “presume to know what they will 

discover” (Fisher, 2010, p.170), semi-structured interviews are considered 

relevant method to conduct the research as the method allows researcher certain 

degree of freedom to discover different aspects that are unknown to the 

researcher. Patton (2015) stated that the basic purpose of interviews is to explore 

the phenomenon of interest that is unable to observe or, to understand the 

meaning behind what was observed. Specifically, multiple in-depth interviews 

with pre-selected group of participants based on their position, and level of 

influence in the organization will be conducted. Respective to the research aim 

and questions, interview questionnaire will be considered thoroughly in prior to 

the interview as a set of guidelines to steer the discussion in a structured manner. 

Fundamentally, this interview questionnaire was based strictly on the CCP 

framework and literature review relating to SCPM and the concept of SCRe – 

focusing specifically on the pre-disruption phase. In the set of questions, open-

ended questions were integrated into the interview questionnaire for the broadest 

spectrum of answers, especially during the conduct of “Context” phase that 

requires the author to uncover the most information out of interviewees (see 

Appendix 2, 3, 4).   

• As the researcher conducted the study on organization’s site, casual 

conversations about the case organization, SC operations, or performance 

measurement in free-form discussion with different employees of the case 

company sometimes happened spontaneously, which brought in many valuable 

insights for the research, especially regarding the context of the case company.  

• In addition, a questionnaire was used as an instrument to conduct a 

brainstorming session with a targeted group of participants which is consisted of 
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management team members of the case company in order to determine the 

contributing factors of SC objectives, and to identify the relevant metrics 

concluded from the literature as well as assess their importance to the SC strategy 

and objectives (see Appendix 5). 

• Documents and relevant databases of the in-use systems for day-to-day 

operations are examined for three main reasons. Firstly, to understand the 

business strategy, objectives, and its operations from internal perspective and its 

SC environment, and other influencing factors from external perspective. 

Secondly, to evaluate the capability of the organization on performance 

measurement: “Is it feasible to measure what will be proposed? And how?”. 

Finally, to validate the information input provided by the interviewees, hence 

being able to clarify any misalignments between different managerial levels and 

verify the “source of truth” for reliable data collection.   

• Observation will be an unobtrusive action of this research as attendance to 

meetings and observations on discussions and behaviors of research participants 

are carried out actively. However, this action might play a diminished role among 

other methods as the research does not aim to study the behavior, action or 

reaction of a particular subject or event.   

3.1.3 Research strategy 

This research is carried out in form of single case study in which an entity is studied in-

depth in order to develop a full understanding of the case and maintain the ”wholeness 

and integrity of the case” (Silverman and Marvasti, 2008,p.163). According Eisenhardt 

(1989), the intention of case study strategy is to acquire deep understanding of the 

dynamics presented in unique, single settings. Stake (2000) classified case study into 

three distinct types, which are intrinsic case study, instrumental case study, and 

collective case study. Based on the aims defined at the beginning of the research, this 

research can be defined as an instrumental case study. Although the research focuses on 

exploring all facets of the chosen case company encompassing its company-specific 

factors and SC environment, its primary intentions are to deepen the understanding of 

SCPM concept, and eventually to develop the concept of integrating resilience element 

into SCPM through the inclusion of early warning indicators. Hence, the research is using 

the case company as an “instrument” to study other areas of interest, not the case 

company itself.  
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By definition, action research is comprehended as a form of case study research that 

places a strong focus on aspect of relevance, and typically addresses practical problems 

of management and organization (Näslund, 2002). The research of Avison et al. (1999, 

p.94) implied that action research has a unique two-way effect as the “research informs 

practice and practice informs research synergistically”. Nevertheless, action research 

draws many contradicting opinions and criticism from academia due to the lack of rigor 

in existing published research (Näslund et al., 2010). As a result, there is high reluctance 

from researchers to adopt this research strategy (Näslund, 2002; Näslund et al., 2010). 

Regardless of the controversy, Näslund et al. (2010) debated in their research about the 

contribution of action research to the rigor and relevance of academic research and 

proposed a research framework that directly addressed the limitations of action research. 

In brief, this research directly helps to resolve the problem of having no well-established 

SCPMS that currently hinders the improvement and optimization of organizational 

efficiency and effectiveness of the case company. Additionally, many of SC disruptions 

that the case company has encountered often cause by the lack of end-to-end visibility in 

their SC network and unavailability of warning indicators for the potential occurrence of 

these disruptive events. Since the idea of infusing SCRe elements into SCPMS is a rather 

new area, this case study will contribute significantly to the development of this concept 

and enrich the research stream of SCPM.  

3.1.4 Case selection for analysis 

Purposive sampling, or also known as Purposeful sampling (Patton, 2015), places strong 

focus on the selection of information-rich cases that can generate a considerable amount 

of knowledge directly or indirectly to the area of interest in the research (Silverman and 

Marvasti, 2008; Patton, 2015). Intrinsically, this sampling strategy requires researchers 

to critically consider about all “the parameter of the population” that could be reflected 

on the sample case, hence enabling researchers to select a case that illuminates feature(s) 

or process(es) that is of their interest (Silverman and Marvasti, 2008,p.66). The primary 

purpose of purposeful sampling is to obtain relevant and high-quality data. 

Consequently, the size of sample group is not required to be large (Patton, 2015). In this 

research, the profile of informants for interviews and brainstorming sessions were 

determined based on the set of questions posed in the CCP framework.  

Firstly, to understand the Context layer, two different sets of interview questionnaire 

were prepared, with each targeting certain profiles of the case organization. Interviewees 
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holding managerial positions, who have decision-making power and forming overall 

business strategy and objectives, were interviewed with questions relating to clientele 

profile of the business, overall business strategy, goals, strategic priorities, and vision 

regarding the performance of SC. On the other hand, interviewees holding operational 

positions, who have influence on the decision makers and execute day-to-day operations, 

were asked to describe the operations, related processes, tools, and SC landscape. In 

addition, some specific documents that store data about some specific areas of interest 

were treated as Key Informants to specific areas of interest. For example, financial 

reports were used to understand high level business objectives and mission statement of 

the company while the strategy frame which is an internal document was examined to 

gain insights on business objectives and its strategic priorities. Secondly, since the case 

organization is a business unit of a corporate, it is critical to understand how other 

business areas and strategic business units of the corporate set up their SCPMS and how 

they measure their SC performance. That said, when collecting data for the study of 

Process layer, the personnel from Tools and Processes function of different business 

areas and strategic business units rather than the case organization, who are principally 

responsible for the implementation of SCPMS of their business areas/units, were 

interviewed. At a later phase, the interviews were conducted with the management team 

members of the case organization to understand their vision regarding the SCPM 

frameworks and the process of measuring SC performance indicators. Finally, the 

Content layer will be conducted in form of brainstorming sessions and follow-up 

interviews based on the common SC performance metrics identified from the literature. 

In this phase, pre-selected members of both management and operations teams will be 

involved.  

Snowball strategy, or also known as Chain sampling, is the initial sampling strategy 

selected for this research. This sampling strategy refers to the scenario in which the 

researcher utilizes a contact to seek for further contacts that could lead to the discovery 

of relevant information. The snowball effect inherently happens as “referrals multiply at 

each step” (Patton, 2015, p. 251). In this research, snowball sampling strategy is highly 

relevant as the initial contacts that the researcher has at the case company was fairly 

limited. As the research progressed, many new contacts were acquired as referrals from 

previous contacts took place. 

Other minor sampling strategies employed in this research were Opportunity sampling 

and Analytically focused sampling. According to Patton (2015), there are opportunities 
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that allow researcher to interview a person or a group of people, or to observe an event 

or a phenomenon without having these activities planned in advance. During this 

research, such opportunities occurred several times, enabling the researcher to gather 

many new insights about the case company that were highly beneficial for the research. 

Therefore, it is important to include this sampling strategy. In addition, analytically 

focused sampling strategy was also applied on the field notes collected from daily 

observations and meetings during the analysis stage to “deepen qualitative analysis and 

interpretation of patterns and themes” (Patton, 2015, p.409).  

Defining unit(s) of analysis is another critical step in designing research as the choice of 

unit(s) of analysis exerts strong impact on the selection of case study, sampling 

strategies, and sample size (Patton, 2015). In this research, employees who participate 

in day-to-day operations of the case company and manage company on a higher-level 

(overseeing the achievement of strategic business goals) are both of interest as they are 

able to provide detailed insights on the context, including both organizational factors and 

external SC environment of the case company. Table 4 below demonstrates the strategies 

of case selection that was implemented in this research.  

 
Case 

selection 

Data collection method Unit of analysis 

Snowball 

strategy 

Semi-structured interviews Initial contact at the case company 

(People-based) 

Purposeful 

sampling in 

light of CCP 

framework 

• Semi-structured 

interviews 

• Brainstorming 

session 

Key personnel from other business 

units/areas - consortium level (People-

based) 

• Supply Chain Development and 

Planning director of Asia-Pacific 

(APAC) region 

• Customer Service Director 

• Senior Manager, Business 

Support in Supply Chain and 

Sales organization 

Key personnel of the case company 

(People-based) 
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• Management: Senior Vice 

President of Sales organization; 

Director of Commercial 

Development; Vice President of 

Supply Chain and Tools & 

Processes organization; Head of 

Logistics; Director of Integrated 

Business Planning; Director of 

Tools and Processes 

• Operations: Manager of 

Planning; Manager of Sales and 

Supply Chain Processes and 

Systems; Manager of Data and 

Analytics; Senior Manager of 

Digital Supply Chain and Tools & 

Processes 

Opportunity 

sampling  

Unstructured discussion in 

form of casual conversation 

Non predefined respondents who are 

employees of the case organization that 

the researcher met during her presence 

on-site that were able to provide 

background information of the case 

company spontaneously 

Analytically 

focused 

sampling 

Observations Fields notes including  

• notes from observations,  

• Meeting notes taken from the 

attendance to meetings 

Key 

Informant 

Sampling 

Secondary data  Public and internal reports, process 

descriptions/handbooks (documents) 

and systems data. 

Table 4 Case selection strategies (based on Patton, 2015) 

3.2 Data collection 

The data collection process of this research was outlined in Table 5 below based on the 

most fundamental aspects to address the main research question. 

Areas of interest Data collection 
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Context of UPM Pulp • Semi-structured interviews with the case 

company’s personnel in both 

management and operational positions. 

• Documents: Financial reports, process 

descriptions  

What would be the suitable 

framework to establish this 

SCPMS? 

• Semi-structured interviews with the case 

company’s personnel in both 

management positions. 

• Documents: Strategy frame, 

Management reports, Strategy and 

Implementation Priorities document 

What would be the suitable level of 

measurement? 

• Semi-structured interviews with the case 

company’s personnel in management 

positions. 

• Observations on in-use operational 

systems, namely ERP, Transportation 

Management, Integrated Business 

Planning, Customer Relationship 

Management and Human Resources 

Management software 

What would be the most suitable 

and important metrics?  

• Brainstorming session 

• Semi-structured interviews with the case 

company’s personnel in management 

positions. 

• Observations on in-use operational 

systems, namely ERP, Transportation 

Management, Integrated Business 

Planning, Customer Relationship 

Management and Human Resources 

Management software 

• Assessment of the feasibility of the 

metrics based on data of in-use systems  

Table 5 Data collection table  
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3.2.1 Collection of secondary data 

The empirical evidence are collected through multiple data points provided by the case 

company including but not limited to management reports, process 

descriptions/handbook, meeting notes and system data reports from Enterprise 

Resources Planning (ERP), Transportation Management, Integrated Business Planning, 

Customer Relationship Management, and Human Resources Management software. 

Other external data sources, either publicly available or access restricted, that contain 

information about the case company were also examined and extracted for the research 

purpose.  

3.2.2 Collection of primary data: Observations, Semi-structured 

interviews, and brainstorming workshops 

The process of collecting primary data is illustrated in Figure 9. Different techniques 

were employed to collect the data and each technique bears its own purpose for this 

research.  

• Interviews data is available in form of recordings and transcripts, aims to gather 

answers for specific questions regarding the context of the SCPMS. In this case, 

these data describe internal and external operating environment of the case 

company. Besides, the in-depth interviews also exclusively place a strong 

emphasis on specific profiles within the organizations to reveal different 

perspectives existing within the organization regarding the measurement of SC 

performance.  

• Fields notes were documented based on the observations from day-to-day 

operations, and from meetings attended.  

• A short questionnaire was distributed to the informants holding management 

positions in order to perform initial filtering of SC performance metrics, and to 

trigger follow-up interviews on the importance of metrics which basically is the 

second metrics filtering. The questionnaire results were also used as basis for the 

brainstorming workshop that was aimed to align the chosen metrics with overall 

business strategy and objectives, and to reveal the cause-and-effect relationship 

between metrics. 
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• Brainstorming workshop was organized to perform the final filtering of the 

selected SC performance metrics and assign them to relevant perspective within 

chosen SCPM framework.  

Basically, the primary data collection process extensively uses the three fundamental 

elements of CCP framework as guidelines. For interviews on Context of SCPMS, 

discussions mainly surround organizational factors such as the industry, customer 

profile, or business strategy and objectives, and SC factors such as market demand, SC 

network configuration, or SC strategy. For interviews on Process of SCPMS, a strong 

focus is placed on current system landscape of the case company, meaning processes, 

tools, and systems to evaluate the reporting capabilities and available resources of the 

company. For Content of SCPMS, different data collection instruments, namely 

questionnaire, follow-up interviews, and brainstorming workshop, were employed to 

filter and select relevant metrics for the SCPMS based on the characteristics and needs 

of the case company.  

 

Figure 9 The process of collecting primary data 

3.3 Data analysis 

In this research, the data analysis process was carried out hand-in-hand with the data 

collection process. During the data analysis process, the collected interview data was 

transcribed and allocated to the corresponding area in the CCP framework using 
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abstraction technique described by Spiggle (1994) and Gioia et al. (2013). The same 

method could be found in the work of Cuthbertson and Piotrowicz (2011).   

The qualitative analysis method utilized in this research is a combination of content and 

thematic analysis. Even though it was argued that content analysis was favored in 

quantitative research as it allows researchers to count the number of instances belonging 

to the pre-defined set of categories (Silverman and Marvasti, 2008), Seuring and Gold 

(2012) suggested that the content analysis can also be highly relevant for the analysis of 

unstructured data which is prominently seen in semi-structured interviews and written 

documents. Basically, in this research, several relevant internal reports, transcribed data 

from the interview, and field notes were examined and coded into a set of categories to 

reflect either Context, Content, or Process of the SCPMS. For instance, to gain more 

understanding of business strategy and objectives of the case organization from the 

interviewees’ point of view, the researcher located the word “strategy”, “strength”, “good 

at”, “commercial success”, and “profit” in the written documents of the case company 

and in the transcribed data, then located what were the questions or overarching themes 

of discussion that triggered the mentioning of these words to analyze the context and 

categorized them accordingly. 

Essentially, thematic analysis was an important instrument for analyzing data in this 

research since the method allows researcher to process with large data sets and enables 

themes to emerge from the collected data against the CCP framework (Silverman and 

Marvasti, 2008). Thematic analysis was applied mainly on interview transcripts which 

are basically consisted of statements made by interviewees in order to identify prominent 

topics, patterns and/or ideas that occurred repeatedly in the answers of respondents, 

forming common themes in the data. This method is especially relevant when analyzing 

interview data asking about opinion and vision regarding the measurement of SC 

performance among management team members. Unlike content analysis where specific 

keywords were located and categorized, the thematic analysis technique principally 

focused on the overall themes or ideas that the informants attempted to express in their 

answers. Since thematic analysis depends heavily on the judgement of the researcher, 

the method might be fairly subjective to the pre-understanding and view of the analyst 

(Caufield, 2020). Therefore, given the setback of the method, the researcher had to 

thoroughly reflect on the interpreted data using the triangulation method of various data 

sources. Moreover, CCP framework was also used intensively during the analysis process 

to connect the emerged theme with theoretical ground. 
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Even though abstraction technique played an important role in the analysis process, it 

was not the only technique employed. As Spiggle (1994, p.493) stated: “abstraction 

builds on categorization”. Hence, categorization technique preceded the execution of 

abstraction during the analysis process. That said, categorization and abstraction were 

at the core of analyzing interview transcripts and written documents. Contrasting to the 

abstraction technique in which data were assigned to a pre-defined framework from the 

literature - meaning the CCP framework, categories defined during categorization were 

basically derived from the empirical data instead of literature. The categorization process 

started with the assignment of collected data into 1st- and 2nd-order categories, following 

the methodology described by Gioia et al. (2013). Afterwards, the identified categories 

were aggregated into higher level dimensions which were principally based on the CCP 

framework (see Figure 10). In the 1st-order analysis, the comparison technique was 

naturally applied to compare the different data set collected from different interviewees 

of same interview topics and from different data sources to identify similarities in the 

data - hence enabling the emergence of common categories, and discrepancy between 

responses for further verification in the data.  
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Figure 10 Applying Abstraction technique (Adapted from Gioia et al., 2013) 

3.4 Criteria of research quality 

According to Wallendorf and Belk (1989), unlike traditional quantitative research, 

validity and reliability cannot be determinants of the quality of qualitative research. They 

proposed trustworthiness which is the combination of four core criteria, namely 

credibility, transferability, dependability, and confirmability to be considered as an 

alternative criterion for quality assessment in qualitative research. In order to address 

the possibility of drawing findings from false information provided by informants, the 

authors suggested to include evaluation of the fifth criterion, which is Integrity. Based on 

Wallendorf and Belk’s guidelines on assessing quality of qualitative research, Table 6 

below describes the methods used to assess the quality of this research.  

Criteria Methods of addressing  
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Pre-understanding • Pre-interviews conducted with employees 

on the corporate level (extending beyond 

the case organization) to gain 

understanding about the perception of SC 

performance on corporate level and how 

the SCPMS is designed and measured. 

• Extensive literature review on the SC 

performance and SCPMS was conducted in 

prior to the research. 

Credibility  

(Adequate and believable 

representation of the 

construction of the reality 

studied) 

• Prolonged engagement 

• Triangulation across data sources  

• Member checks 

• Purposeful sampling strategy 

Transferability  

(Extent to which the finding can 

be applied to other contexts)  

The research involved all business functions of the 

case organization. Data was also collected from 

other business areas/strategic business units of the 

corporate body which is the parent company of the 

case organization. Furthermore, the profile of 

interviewees spans across all managerial levels 

within the organization. Therefore, the findings of 

this research offer comprehensive views and bear 

good transferability to other companies operating 

in commodity business with the same size and 

organizational structure.  

Dependability  

(Extent to which there is a 

consistency of explanations) 

• Prolonged engagement 

• Site visits 

• Interview records and transcript 

• Member checks and follow-up with 

interviewees 

Confirmability  

(Extent to which interpretations 

are the result of the participants 

and the phenomenon as opposed 

to researcher biases) 

• Member checks 

• Various data collection methods were 

utilized  
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Integrity  

(Extent to which the 

interpretation was unimpaired 

by lies, evasions, 

misinformation, or 

misrepresentations by 

informants) 

• Triangulation across data sources  

• Prolonged engagement: establishment of 

rapport and trust as the researcher is 

employed as a thesis worker at the case 

organization, hence good rapport was 

established during the research with 

company’s personnel 

• Anonymity of informants is guaranteed 

• Availability of fieldnotes, Interview guides, 

Interview records and transcripts  

Table 6 Report of trustworthiness (adapted from Wallendorf and Belk, 1989) 

In order to evaluate the extent to which the research satisfies these quality assessment 

criteria, Lincoln and Guba (1985) proposed a list of research techniques to ensure the 

“fit” of the research to the proposed criteria. Among the techniques listed, several 

techniques were applied into this research to enhance quality of the research, such as 

prolonged engagement, triangulations of sources and methods, and member checks. 

Firstly, prolonged engagement was enabled throughout a six-month period with the case 

organization. In reality, the researcher was employed as a thesis worker for the case 

organization and was assigned different tasks related to the research topic which 

extensively exposed the researcher to day-to-day operations of the company. On that 

account, the researcher was able to understand and connect the operations with overall 

business strategies and objectives. Good rapport and relationship building activities were 

established during the research with the employees of the case company, hence building 

trust between the two parties.  

Secondly, triangulation technique across data sources was employed between interview 

data and other data sources such as publicly available financial reports, management 

reports, strategy frame and data extracted from in-use operational systems. Basically, 

interviews were frequently conducted in this research with different respondents and 

groups of respondents from the organization which generated a substantial amount of 

data. Thus, triangulation technique helps to verify the accuracy, hence credibility of data 

collected between multiple systems and methods. In addition, the researcher was 

granted access rights to multiple databases and documents of the case organization. 

Therefore, the availability of data and the ease of accessibility to crucial data points 

enabled the ability to cross-check collected data to ensure the quality of data analyzed. 
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To be more specific, interview data surrounding the overall business strategy, objectives 

and strategic priorities were cross-checked with other internal documents such as the 

strategy frames, strategy and implementation priorities between Sales and SC 

organization and annual financial report. On the other hand, interview data about daily 

operations, processes, and IT system landscape were examined against the data stored 

in ERP, Transportation Management, Integrated Business Planning, Customer 

Relationship Management, and Human Resources Management software.  

Thirdly, member checks technique was also utilized in this research. Since this research 

is based on CCP framework, this means that data collection and data analysis activities 

took place at each layer of the framework (see Figure 11). When analyzing data and 

drawing findings of each layer, the researcher always cross-checked the outcomes with 

research participants – meaning interviewees in order to gather feedback and comments 

about to examine the viability of interpretation. In addition, thesis update sessions with 

the key personnel of the case organization were organized on a monthly basis to present 

empirical findings which were mostly outcomes of analysis and interpretation of 

collected data from interviews, conversations, field notes documented on site, and 

synthesis of available secondary data. In these sessions, the attendants will validate on 

the accuracy of the findings and give feedback accordingly. Nevertheless, as mentioned 

by Wallendorf and Belk (1989), interpretation would not necessarily be revised based on 

the provided comments, unless the disagreed elements are claimed to be emic 

description since the researcher has access to the unique range of information on the 

topic that might lead to disagreement on some etic interpretation (Wallendorf and Belk, 

1989).  

 

Figure 11 The process of collecting and analyzing empirical data 
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4 CASE STUDY – UPM PULP 

Based on the structure of CCP framework, the execution of empirical research will embed 

within itself three layers of study as demonstrated in Figure 12, which are 

• Context of the SCPMS which delineates the study about the case company, 

encompassing both organizational factors and SC factors of the company,  

• Process of the SCPMS which describes the selection of suitable performance 

measurement framework based on the findings of Context study as well as the 

systems and tools required for the measurement to take place,  

• Content of the SCPMS which determines the associated SC performance metrics 

and assesses the feasibility of measuring each selected metrics. 

 

Figure 12 Layers of empirical research based on CCP Framework (modified from 
Cuthbertson and Piotrowicz, 2011) 

4.1 Context of UPM Pulp 

According to the study of Cuthbertson and Piotrowicz (2011), it is suggested that the 

performance measurement system of an SC is context-dependent, hence heavily 

impacted by two critical factors which are organizational factors and SC characteristics.  
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4.1.1 Organizational context 

The case company – UPM Pulp, with its headquarter located in Helsinki, Finland, is a 

pulp producer and is claimed to be among the market leaders in global pulp supply 

(World Top Paper and Pulp Companies by Market Value 2020, 2020; Top 10 Largest 

paper producing companies in the world, n.d.). The company was founded in 2009 and 

is a part of UPM-Kymmene Oyj corporation – a global conglomerate operating in Finnish 

forest industry. Before the establishment of UPM Pulp, the majority of pulp was used 

internally as the raw material for paper mills to produce paper and other paper-related 

products. After the acquisition of Fray Bentos pulp mill in Uruguay, pulp business is 

established as a strategic business unit within Biorefining area of UPM-Kymmene Oyj 

corporation. In 2019, the case company employed approximately 1,800 employees in 

Europe, Uruguay, and China.  

The company offers a wide range of pulp grades of hardwood and softwood for different 

end-uses including but not limited to tissue papers, hygiene products, packaging board, 

labels and other specialty papers as well as printing and writing papers (UPM-Kymmene, 

2021). UPM Pulp operations involve Eucalyptus plantations in Uruguay and four pulp 

mills - three of which being situated in Finland and the remaining one being located in 

central Uruguay. As a part of growth strategy, UPM made an investment in the 

construction of a 2.1-million-tonne greenfield eucalyptus pulp mill that is close to Paso 

de los Toros located in central Uruguay in 2019. With four production mills in active use 

and the additional one being constructed, the total production capacity of UPM Pulp 

reaches 3.7 million tons per annum (t/a) and is expected to grow to roughly 6 million t/a 

after the start-up of Paso de los Toros pulp mill. In selected markets, the company has 

over 150 customers in three strategic market areas including Europe, Asia-Pacific 

(hereafter is referred as APAC) and New Markets (UPM Pulp, 2021). Essentially, the 

growth outlook for pulp demand is driven by long-term, global megatrends.  

From strategy perspective, customer experience is what deemed as utmost important 

and acts as the navigator for decisions-making process and commercial strategy of the 

company.  

“As a papermaker, I have followed the pulp business from a customer perspective. While I’m still 
on a learning path on the finesses of pulp making, the customer view is something I intend to hold 
on to.” (UPM Pulp, 2019, p.3) 

This statement reflects the customer-centric perspective which essentially resembles the 

service marketing principles (Grönroos, 2015). According to the management viewpoint, 
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in Pulp commodity business, three things that are most valued by their customers are 

Price, Quality, and Service. Looking from outside-in perspective, it is strongly believed 

that the performance measurement system should drives these three indicators towards 

better results. On the other hand, internal business process efficiency is also emphasized 

heavily as one of the company’s targets is to "have world-class business processes in place 

across our operations and customer interface.” (UPM-Kymmene, 2020, p.43). In 

addition, the management of the company also believes that business processes interlink 

with and strongly support customer experience. 

Since Pulp SC operates in Make-to-Stock model, meaning that the production always run 

at full capacity to optimize efficiency, the key to strengthen the company’s 

competitiveness in the market is to enhance the efficiency of pulp operations in Finland 

while other supporting elements for sustaining the competitiveness are streamlined 

operating model, optimized cost structure, and advanced digitalization (UPM-

Kymmene, 2020). When asked about the strengths or competitive advantages of the case 

company comparing to other players in the market, trustworthiness, good range of pulp 

grades for versatile end-uses, and sustainability performance were reiterated among 

interviewees with managerial positions. These factors closely resemble a statement about 

strengths on the yearly release of the company’s newsletter to its customers and other 

external stakeholders: 

“I know first-hand how important the quality of pulp and reliability of supply are to customers’ 
businesses. Trust is everything and awareness of that is something I’ve been very pleased to see 
embedded in our entire organization.” (UPM Pulp, 2019, p.3) 

Essentially, the commercial strategy of the case company is based on the four principal 

dimensions which are “solid value proposition, serving multiple end-use segments, 

preparing commercial capability for six million-ton sales after 2022, and ensuring long-

term profitability” (UPM-Kymmene, 2020, p.42). Referring to the value proposition, this 

dimension is composed of four components which are “Reliable Quality”, Solid Partner”, 

“Supply Security”, and “Service”. As a player in the commodity market where the product 

offerings are not highly diversified and the market size is relatively small, the key 

competitive advantage for the company would principally reside in quality perspective.  

When it comes to SC-specific objectives of the case company, a questionnaire about the 

assessment of important factors to the objectives of SC operations was distributed to 

participants holding positions in upper-management of the case organization to gather 

insights on the topic. This questionnaire distribution was then followed by several in-



 
 

 

61 

depths follow-up interviews and brainstorming sessions with respondents to illuminate 

the reasoning behind provided answers in detail. Based on results of the questionnaire 

(see Appendix 6), outcomes of the brainstorming sessions (see Appendix 7), and follow-

up discussions, the most important factors in SC objectives of the company were 

identified as Cost efficiency, Timeliness, Process efficiency, Flexibility and 

Responsiveness, and Customer satisfaction, which would be used as the underlying 

foundation when defining the SCPM framework and associated metrics.  

4.1.2 Supply chain environment 

4.1.2.1 Market overview 

The market demand for pulp and pulp supply chain are considered to be fairly stable over 

time. Certainly, there are certain fluctuations in pulp demand which are eventually even 

out due to geographical and end-use split from customer side. In fact, the customer base 

in pulp market is consolidating over time, meaning that weak and small businesses will 

parse away gradually. Besides, customer turnover rate of UPM Pulp is low, indicating 

that new players do not emerge in the market frequently and the company tends to share 

a long-term business relationship with its customer. Therefore, demand is fairly 

predictable and substantial fluctuations are rarely witnessed for this type of commodity. 

Based on this characteristic of the market demand, the SC strategy that the case company 

pursues is oriented more towards lean strategy as there has been a strong emphasis on 

enhancing cost efficiency in strategic priorities.  

Based on the described business model, planning process for Sales and Production takes 

place on an annual basis in which the planning cycle begins at the beginning of the 

calendar year and concludes at the end of the calendar year. Even though deemed as 

marginal, it is worth mentioning that some “limited seasonality” such as Christmas and 

New Year Eve, and big economic events do exert certain impacts on the Sales and 

Planning activity of the case company. Due to these business characteristics, the planning 

process is done globally with regional sales organizations for targeted markets. Basically, 

the demand forecast, meaning potential sales volume is done by Sales team while Supply 

forecast, meaning the estimated production outputs is done by the mill operators and SC 

planners. This practicality creates a need of seamless flow of communication and data 

accuracy across collaboration platforms. As the operations model of the case 

organization follows Make-to-Stock model, its production units always run continuously 
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and at full capacity, except for maintenance shutdown periods. Unlike many order-based 

businesses that require customization to production line based on customer’s orders, 

receiving an order from the customer side does not initiate or alter the production 

activity of the case company as they always produce in push mode.   

4.1.2.2 Inbound and outbound logistics description 

The case company has an annual-based business with its global network of customers, 

meaning that the flow of pulp to the market is steady throughout the year. That said, the 

supply output often closely matches with what was agreed in the agreements.  

This global, standard movement of pulp, especially to Asia and Europe markets has 

enabled the case company to fill capacity gap of the logistics vendors between its 

operating routes and helped these vendors to plan and operate their business with 

greater certainty. This factor has leveraged the position of the case company in 

negotiating and building relationships with the logistics vendors. 

Regarding mode of transportation, it was mentioned that the most common transport 

modes including ocean, rail and truckload are all utilized, with air freights being an 

exception due to the high volume of goods moved throughout the year and expensive 

freight rate which are deemed as not economically viable. Break bulks are mainly used 

in ocean freights and some volumes are also allocated to containers.  

Stocks are held in different locations situated at both end of the SC which are production 

mills and ports near customer end. Based on stock projection, stock level is determined 

for key stock locations to optimize inventory planning and logistics operations. Even 

though lean SC strategy is adopted, safety stock is still maintained to cope with potential 

unexpected disturbances as a risk mitigation strategy. Practically, safety stocks are stored 

at different ports to mitigate risks and the level is planned against production failures. 

The disruptions do not occur frequently in Pulp SC, however, when any disruption takes 

place, the consequences are usually severe.   

4.1.2.3 External collaboration and integration 

In order to handle the increasing Pulp volume from the start-up of the newly built pulp 

mill in Paso de los Toros, external integration through different digitalization initiatives 

are of paramount significance to the case company. 
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On supplier side, external integrations to the main Logistics Service Providers and Ports 

are currently in progress for the case company. On customer side, it was mentioned that 

collaboration is highly critical to ensure smooth collaboration. Therefore, several pilot 

projects have already started taken place. After the integration concept have been fully 

and maturely developed, the number of customers being chosen for the scope of 

integration would be gradually increasing, hence expanding the scale of integration.  

4.1.3 Overview of supply chain risks and disruptions  

No different to other supply chains, Pulp SC also bears vulnerability to different scenarios 

of disruptions. Nevertheless, it is important to stress that disruptions to Pulp SC do not 

occur on a frequent basis but rather in a longer time horizon, with low frequency. By 

nature, the disruptions can be caused by various internal and external threats that might 

take place accidentally or intentionally (Marley et al., 2014).  

For internal threats, since seasonal variability is low, any forms of production failures 

that can cause major loss of production output or disruptions in quality of the product or 

supply security are considered serious threats for the business as the supply quantity to 

the customers is based on annual agreement and steady flow of goods on monthly basis 

is expected. In reality, the manufacturing process of the case company’s customers also 

heavily depends on the consistency of the product quality and supply of the case 

company. Therefore, a disruption occurs from the production node can interrupt the 

entire SC, all the way to the end-consumers. 

For external threats, uncontrollable disruptive events, such as natural disasters or major 

negative global events are considered as the most significant concerns for the business, 

with one of the most prominent examples being COVID-19 pandemic that has been 

exerting fairly negative impact on the global market pulp demand due to the plummet in 

the demand of graphic paper end-use market. In addition, the impacts of these global 

events could be further exacerbated by other minor unfavorable events taking place 

within the territories of operations, such as labor strike. For instance, the period of 2019-

2020 saw substantial disturbances caused by labor strike and pandemic hit to the 

business operations, eventually leading to declining sales performance comparing to the 

same period of the previous year (UPM-Kymmene, 2021) 

Another important aspect in Pulp SC disruption is the potential imbalance between 

supply and demand. In Pulp market, Brazilian pulp producers account for the majority 
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of market supply (Paper and Pulp International, 2020). Similar to other producers, they 

also face different forms of risks and vulnerabilities that can cause disruptions to their 

operations, ceasing production outputs. In this case, market disturbance is an inherent 

result of the incident, leading to significant discrepancy between supply and demand. 

Even though the case company could still supply sufficiently to their customers, the 

market demand might surge significantly, and no other producers can provide the 

unexpected demand since spot opportunities are very limited.  

4.2 Process of measuring supply chain performance of UPM Pulp 

Process element of the SCPMS determines how the measurement is carried out. 

Referring to important components of this layer, Cuthbertson and Piotrowicz (2011) 

primarily discuss about systems, tools, and performance measurement framework used 

to measure SC performance.  

4.2.1 Existing tools and system landscape in UPM Pulp Supply Chain 

organization 

When studying the process layer of the CCP framework, it is important to investigate 

about the capabilities and resources of the case organization which can be demonstrated 

through its system landscape. It is contended that the continuous evaluation of SC 

performance can be achieved by automating the process of data collection, electronic 

processing of information and enhancing reporting capability (Bhagwat and Sharma, 

2007; Golrizgashti, 2014). That said, in-use tools and system design are crucial factors 

in the implementation of SCPMS.  

The application landscape of the case organization is fairly sophisticated, facilitating 

multiple operational activities of different business processes. Practically, Enterprise 

Resources Planning System, hereafter referred to as ERP system, acts as an overarching 

system that manages and integrates the most critical functions of the business - which 

cover production, integrated business planning, sales, logistics and finance, into a central 

structure to ensure seamless workflow and communication across business functions 

and enhance real-time data reporting (see Figure 13).  
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Figure 13 Business processes embedded in the ERP system of the case company 

On top of the ERP system, other applications and systems which are also utilized 

frequently for daily operations include 

• Customer Relationship Management System, which is used to manage the 

relationships and interactions of the case company with customers and 

prospects. This tool is used frequently by sales, customer service, logistics, and 

planning departments for the purpose of storing contact information of 

customers, prospects, competitors, and related stakeholders, identifying sales 

opportunities, recording claim handling processes, and managing different 

marketing campaigns.  

• IT service management portal, which is used to create demands for new 

development items of in-use applications by business support users, and tickets 

for technical issues related to in-use applications that need to be handled and 

resolved by IT service providers.  

• Business intelligent tool, which is used to visualize, and report insights based on 

data from in-use systems. This tool is connected to business data warehouses in 

order to extract and query data from different software into a central hub for 

reporting.  

• Human Resource Management System which is used to manage and organize the 

workforce by the human resource department. 

• Office 365 application suite.  

• Various means of communications  

Even though less frequently used by the applications described above, some external 

platforms of third-party service providers also play important roles in certain activities 
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such as collecting questionnaire responses of external contacts or distributing marketing 

materials.  

4.2.2 Assessing relevant frameworks 

Practically, the determination of appropriate performance measurement framework 

depends on the context of the measurement, meaning the organizational and SC factors 

of the case company. Since each framework has distinct attributes and method of 

measurement, it is important to align these attributes with organization’s strategy, hence 

identifying what dimensions are deemed as important for the company to keep track and 

monitor. In addition, the aspect of resources and capability which refer to the tools, 

processes, and people’s competence required to carry out the measurement should also 

be considered thoroughly when choosing the measurement framework. From literature, 

three most commonly used frameworks for evaluating SC performance, which are SCOR 

model, Process-based model, and modifications of Balanced Scorecard for SC 

performance were examined in this study to determine the most relevant framework for 

the case organization.  

Firstly, the Process-based model focuses on decomposing processes into multiple sub-

processes that overarch a set of operational activities to measure the performance of each 

activity. In order to obtain a comprehensive view of the SC performance from Process-

based model, it is mandatory to have these processes accurately defined in detail. In 

addition, it is also important to further delineate how each process is connected to one 

another, hence depicting the SC operations in its entirety. As the performance 

measurement of each activity within a single process has seven major components which 

are cost, time, capacity, capability, productivity, utilization, and outcome, not all 

components are applicable to every activity of the process. This setback will create a 

fundamental imbalance when aggregating the performance. Furthermore, provided that 

an SC operation is consisted of multiple processes and each process has multiple 

activities embedded within, the number of metrics are naturally high due to the 

accumulation across activities and processes. According to Holmberg (2000), having too 

many metrics in use at the same time is considered a serious problem in managing 

performance since performance metrics might naturally contradict with one another. 

This might potentially create misleading indicators when the organization abuses the use 

of these metrics. On this account, process-based framework might not be an optimal 

framework for the case company. 



 
 

 

67 

Secondly, SCOR model uses Performance Attributes as steering wheel to define 

performance metrics associated with these attributes and assign them to relevant process 

or practice maturity to demonstrate the SC performance (APICS, 2017). Basically, these 

performance attributes are pre-defined and universal in nature to fit a wide range of SC 

models across different industries. Although the model entails core “strategic 

characteristics” of a SC, not all performance attributes are applicable to the case company 

as the company has different strategic priorities from what is pre-defined in this model. 

Besides, the implementation of metrics and its associated elements is rigid meaning that 

the organization needs to strictly carry out the measurement of all included metrics with 

default calculation components if they would like to follow a certain attribute even 

though some metrics of this attribute might not be relevant or measurable for the 

company. Plus, following certain attributes can only reflect certain aspects of the SC 

operations, not holistically. Therefore, this intrinsic rigidity requires the re-design of 

existing processes and systems, and intensive training of employees in the organization 

to obtain the appropriate level of competence that can implement the measurement 

which fundamentally results in a heavy investment of resources in term of time, money, 

and labor. On this account, this model is not a suitable choice for the case company.   

Finally, modified framework based on BSC framework is composed of four principal 

perspectives which are financial, customer, internal business process, and growth and 

learning. The framework is universal and generic as the four perspectives do not drill 

down into any specific characteristics or processes of the SC operations. Instead of 

strictly defining certain metrics to each perspective, the framework provides high-level 

definition of each perspective in order to allow some degree of freedom when selecting 

suitable metrics. Due to this level of flexibility, the BSC framework also bears within itself 

several downsides such as potential misinterpretation when adopting the framework 

leading to inappropriate allocation of metrics to the perspectives, or possibility of 

overlooking important metrics, or the lack of visibility to end-to-end process of the SC. 

Nevertheless, these concerns can be overcome via clear and comprehensible 

communication, and logical alignment between the framework, strategy, and business 

processes which are feasible for the case company in term of efforts and investment.  

Among the three frameworks, BSC framework appears to closely match the strategic 

themes of the case company for the upcoming period as described in Figure 14.  However, 

there is a minor amendment made to the naming convention of Internal Business 

Process perspective. Hereafter, the perspective is re-named as “Business Process” 
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perspective to avoid abbreviation of IBP – which might cause confusion with the 

Integrated Business Planning function of the organization. Even though Process-based 

framework and SCOR model are suitable to some extent as they respectively outline 

critical processes of an SC and inform performance attributes that set forth overall SC 

strategy, there are some misalignments of company’s business strategy, objectives, and 

available resources with the requirements, characteristics, and purpose of these models, 

hence hindering the measuring process.  

 

Figure 14 Alignment of BSC Framework to UPM pulp’s strategy and implementation 
priorities 

4.3 Content of the SCPMS of UPM Pulp 

The process of selecting performance metrics illustrated in Figure 15 starts with two 

actions in parallel: collecting frequently used SC performance metrics from literature, 

which are extracted from Table 2 and Table 3, and collecting insights about SC objectives, 

potential and existing SC performance metrics from different secondary data sources of 

the case company. After concluding these two activities, preliminary filtering of metrics 

takes place to identify relevant SC performance metrics based on the strategic priorities 

and SC objectives of the case company. Using the outcomes of this preliminary filtering 

activity, a questionnaire with two (2) questions is distributed to five (5) respondents 

holding managerial positions from the case company, one asking respondents to identify 

the most important factors of SC objectives while the other asking respondents to select 

the most suitable metrics to evaluate the SC performance of the case company. 
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Subsequently, several in-depth interviews are conducted with the respondents to further 

justify the selection of those performance metrics. In this stage, main SC objectives are 

identified, and second metrics filtering activity is triggered, further extracting the most 

relevant metrics for the case company. The next phase is to map and align selected 

metrics to the identified SC objectives for final metrics filtering activity through a 

brainstorming session with respondents. After having identified suitable performance 

metrics, the assessment of feasibility of each metric is carried out to determine the 

calculation logic, unit of measurement, data sources and monitoring frequency of the 

metrics.  

 

Figure 15 The process of identifying relevant performance metrics 

4.3.1 Feasibility of measurement for each selected metric 

According to Bhagwat and Sharma (2007), three fundamental criteria that the SC 

performance metrics included in the BSC framework should satisfy are quantifiability, 

comprehensibility, and ability to collect and analyze data in an economically effective 

fashion. Firstly, for quantifiability, this criterion indicates that the outcome of each 

metric should be quantifiable. Even though there are qualitative metric that cannot be 

translated directly into quantitative terms, they should be linked to other quantifiable 

metrics.  Secondly, for comprehensibility, this criterion means that the metrics need to 

be easy to comprehend across all managerial levels as people need to understand the 

metrics in order to have a sense of engagement and accountability for the metrics’ 

outcome. Moreover, the linkage and causality relationship between metrics also need to 

be well-articulated as the result of one metric will exert impact on others. Lastly, for the 
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economic viability of the measurement, the last criterion emphasizes on the 

organization’s capability and resources to implement the metrics in a cost-efficient way. 

Being aware of the importance of a metric is one thing, but it would be even more 

important to answer these set of follow-up questions:  

• Do we have the required system in place to measure this? 

• Do we have the required skills and competences available to measure this? 

• What should be the proper investment for this metric?  

• What should be the right level of efforts required to measure this? 

Therefore, a feasibility assessment for metrics of interest is required in order to decide 

and prioritize what metrics should be taken into use.  

The assessment of measuring feasibility for each selected metric in this study was carried 

out through multiple semi-structured interviews with the management and operation 

teams of the case organization alongside with active observation on the in-use systems. 

During the interview, the interviewee was introduced to a list of metrics. Afterwards, 

questions regarding the potential components, availability of data in each component of 

the calculation, and possible data sources of the components were asked and 

documented. Based on the component suggestion, the unit of measurement was 

concluded within the interview and the researcher asked interviewees for feedbacks and 

consensus of the proposed measurement unit. The result of the interviews was 

summarized into Table 7 presented below. 
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Measurement 
Unit of 

measurement 
Components Data Sources Monitoring frequency 

Logistics cost 
(regional level) 

EUR/ton • Pre-transport cost 
• Loading Port handling fees 
• Sea freights 
• Discharging port handling fees 
• Distribution cost (depending on 

INCOTERMS) 

SAP ERP Strategic/Annual level 

Inventory days of 
supply 

Days • Current month inventory level  
• Average daily invoiced sales 

quantity over the past 3 months, 
inclusive of current month sales 

SAP ERP Monthly/Quarterly  

Absolute volume of 
inventory 

Tons Current inventory volume of each 
product grade 

SAP ERP Weekly 

Variation against 
budget (tool 
development) 

EUR • Budgeted against latest estimate 
figures for IT development 
projects 

SAP ERP Quarterly – discuss 
Monthly – monitor 

Variation against 
standard Logistics 
cost  

EUR/ton Comparison of actual against 
standard logistics cost. Both types of 
cost share the common components 
of Logistics Costs 

IT Service Portal Monthly  

Customer 
satisfaction score 
(NPS) 

Numeric Net Promoter Survey score External platform of 
survey distributor 

Twice per year  
(every half a year) 
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Customer 
complaints 

Number of 
complaints 

• Commercial and Quality Claims 
• Logistics claims 

Customer Relationship 
Management system 

Monthly/Quarterly 

Average claim age 
of logistics 

Days • Average number of days to resolve 
a logistics claim 

Customer Relationship 
Management system 

Monthly/Quarterly 

Delivery reliability  % • % deliveries in perfect conditions 
• % in Full 
• % on-time delivery 
• % delivered units that match the 

product quality requirements of 
customers to all delivered units 
(Right product) 
 

• SAP ERP  
• Transport 

Management system 
 

Monthly 

Fill rate of Safety 
Stock at strategic 
locations  

Tons • Targeted safety stock level which 
is equal to Safety stock limit 
(Minimum threshold) 

• Maximum threshold 

SAP ERP Monitor daily  
Observe monthly 

Safety stock 
utilization in days 

Days Number of days: 

• Below the minimum threshold 
• Above the maximum threshold 

SAP ERP Monthly 

Planning accuracy % Comparison of Forecasted (2 months 
ahead) to Actual and Latest Estimate 
of 

• Sales 
• Production 

SAP IBP Monthly 



 
 

 

73 

• Shipment 
• Inventory/Stock 
• Profitability 

Logistics Planning 
accuracy 

% • Cost variation against standard 
cost (%) – threshold of planned 
cost vs actual cost 

• (%) Punctuality (Planned vs. 
Actual Departure & Arrival times 
of different legs) to customer 
premises 

• (%) Capacity planning  

SAP ERP Monthly 

Warehouse 
capacity utilization 

• % 
• Days 
• tons 

• Average utilization (monthly) vs 
Rented capacity 

• Monthly peak volume 
• How many days of the month do 

the stock exceeds maximum 
threshold? 

• How much stock exceeded 
maximum threshold?  

Communication with 
Suppliers 

Monthly 

Transportation 
capacity utilization 
(break bulk 
deliveries)  

tons • What was the utilization level? 
• Has the utilization of break bulk 

exceeded the minimum threshold 
of contractual agreement?  

• SAP ERP 
• SAP IBP 

Quarterly/Annually 

Supplier 
performance 
(Logistics Service 
Providers) 

% • Punctuality (Maritime schedule, 
how vessels arriving to the 
discharging ports) – each and 
every individual carrier 
performance in different legs of 
the logistics chain 

• Damage rates (Conditions of 
delivered goods) 

• SAP ERP 
• Transport 

Management system 
• Contract Management 

system 

Monthly 
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• Capacity availability (against 
contractual agreement) applied to 
each carrier in each lane  

Demands 
implemented 

Number of 
demands 

Counting demands implemented 
across in-use systems  

IT Service Portal Annually 

Release accuracy % Compare implemented demand to the 
planned demand  

IT Service Portal Annually 

Number of 
trainings across in-
use systems 

Number Counting trainings delivered across 
in-use systems: SAP TM, SAP IBP, 
Salesforce, Teams, etc. 

Manually measured  Twice per year  
(every half a year) 

User satisfaction Rating scale On a scale from 1-5 how satisfied are 
you with functionalities in the 
systems that you use? 

Internal survey 
distribution (Microsoft 
Forms) 

Twice per year  
(every half a year) 

Number of 
employees have 
development plan 

Number Development plan recorded for each 
employee with defined goals 

Human Resources 
Management system 

Twice per year  
(every half a year) 

Employee 
Engagement and 
Satisfaction Survey 
result 

Numeric Survey figures Human Resources 
Management system  

Annually 

Table 7 Evaluation of feasibility of measuring selected SC performance metrics
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4.3.2 Building the SCPMS 

After evaluating the feasibility of each selected metric, these metrics are assigned 

accordingly to different perspectives of the selected BSC framework and into different 

level of measurement as shown in Table 8 based on their definition, calculation logic, 

unit of measurement, and monitoring frequency. The level of measurement is basically 

classified into strategic-, tactical-, and operational-level according to the different 

business processes of the case company.  

Since metrics that are monitored on annual basis tend to reflect the ambition to achieve 

a goal that is strategic in nature and is set out in a long-time horizon, they are assigned 

to strategic level of measurement. Tactical-level metrics are intended to assist the 

accomplishment of strategic objectives. Therefore, they tend to emphasize on shorter 

time span in comparison to the strategic-level metrics. On this account, metrics that are 

monitored monthly or quarterly are assigned to tactical level of measurement. 

Operational-level metrics tend to be embedded in day-to-day activities and processes 

that connect strategic objectives with tactical objectives. They are intended to assist the 

accomplishment of tactical objectives, hence outlining the short-term objectives.  

Accordingly, metrics that are monitored daily or weekly are assigned to operational level. 

Basically, Planning Accuracy and Logistics Planning Accuracy metrics could be measured 

both on monthly and weekly level. Hence, they can be both tactical and operational 

depending on their planning horizon. 

Level of 
measure- 

ment 
Financial Customer 

Business 
Process 

Growth and 
Learning 

Strategic 

• Variations 
against budget 
(tool 
development) 

• Logistics Cost 

• Customer 
Satisfaction 
(NPS) 

(Empty) 

Employees 
Engagement and 
Satisfaction 
Survey (EES) 
Result 

Tactical 

• Inventory Days 
of Supply 
(Monthly/Quar
terly) 

• Variations 
Against Budget 
(Logistics) 
 

• Delivery 
Reliability 

• Customer 
Complaints 

• Safety Stock 
Utilization 

• Average 
Claim Age 
of Logistic 

• Planning 
Accuracy 
(Monthly) 

• Logistics 
Planning 
Accuracy 
(Monthly) 

• Capacity 
Utilization 
(Transport 
& 
Warehouse) 

• User 
Satisfaction 

• Number of 
Trainings 
across In-Use 
System 

• Demands 
Implemented 

• Release 
Accuracy 
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• Supplier 
Performanc
e 
 

Operational 
• Absolute 

Volume of 
Inventory 

• Fill Rate of 
Safety Stock 
at Strategic 
Locations 

• Planning 
Accuracy 
(Weekly) 

• Logistics 
Planning 
Accuracy 
(Weekly) 
 

(Empty) 

DATA AVAILABILITY AND DATA QUALITY = ENABLER 

Table 8 Assigning metrics to BSC framework with different level of measurement 

Following Kaplan and Norton’s (1992) method of establishing BSC framework for PM, 

the final phase of this process aims at building cause-and-effect relationship between the 

metrics through the identification of performance drivers and outcome measures in 

order to build the understanding of how the metrics are interlinked and how one metric 

can provide cautions for another (see Figure 16). 

 

Figure 16  Cause-and-effect relationship between identified metrics through the 
identification of performance drivers and outcome measures 

In essence, the cause-and-effect relationships need to be clearly and sufficiently 

demonstrated in the measurement framework to reflect effectively not only the 
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interconnection between metrics but also the strategy of the company (Bhagwat and 

Sharma, 2007). One respondent highlighted the expectation of having this cause-and-

effect relationship defined as follow:  

“When we talk about SC performance, we kind of understand the end-to-end relationship. So, if 
we focus only on the Sales performance, then it’s typically very much limited to Sales decision 
making and actions. But when we talk about SC performance, we have this kind of cause-and-effect 
relationship throughout the SC. And that’s why I hoped that when we are finally done with our 
KPI, fixing our data, and reporting structure, we are able to create an end-to-end performance 
KPI.”   

As an example, delivery reliability is heavily dependent on the performance of logistics 

service provider. If the performance of supplier is poor, on-time delivery and perfect 

condition of the delivered goods might not be achieved. This will negatively affect the 

delivery reliability to customers, hence lowering customer satisfaction. Another example 

is that if the planning accuracy for sales and production is bad, the logistics planning 

accuracy will also be undermined, hence increasing the logistics cost.  

Furthermore, Kaplan and Norton (1996) also emphasized the importance of including 

and identifying the outcome measures and performance drivers in the BSC framework 

as the existence of outcome measures without performance drivers do not demonstrate 

how outcomes can be obtained and the existence of performance drivers without 

outcome measures might obscure long term, strategic goals. For instance, outcome 

measures such as customer satisfaction without performance drivers like delivery 

reliability, average claim age of logistics, and fill rate of safety stock at strategic locations 

cannot demonstrate how this outcome can be realized. Conversely, the company might 

attempt to enhance delivery reliability through the investment on advanced digital 

enablers such as RFID and port integrations. Without identifying the long-term outcome 

such as customer satisfaction, it will be challenging for the company to evaluate the 

effectiveness of their strategy. According to Bhagwat and Sharma (2007. P.56), 

“Outcome measures are more or less generic, but performance drivers are more 

company-specific and will often be based on the particular strategy that is being 

pursued”. 

4.3.3 Identification of resilience metrics in pre-disruption phase as early 

warning indicators 

Based on the theoretical findings presented in Table 3, Planning Accuracy, Logistics 

Planning Accuracy, Absolute volume of inventory (Stock level), Fill Rate of Safety Stock 

at strategic locations, Safety stock utilization, Delivery Reliability, Customer Satisfaction, 
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Capacity Utilization, and Variation against standard Logistics Cost are metrics that are 

embedded certain elements of resilience (see Table 9). These indicators, in prior to the 

occurrence of disruption, can provide cautionary warnings for the organization to act 

upon.  

Taking Logistics Planning Accuracy metric as an example, the Capacity Planning 

dimension of this metric exhibits the accuracy of planned logistics capacity against actual 

sales volume. By monitoring this metric, potential fluctuation such as sudden surge in 

market demand, will be visible to the logistics planners, hence signaling potential 

shortage of containers once bottlenecks and capacity constraints occur in the SC due to 

excessive sales volume in comparison to the agreed delivery quantity with the carriers. 

This metric evidently demonstrates the organization’s capability to share information 

and align views both internally – between business functions and externally – between 

SC partners, namely carriers to enhance overall visibility of the supply volume against 

market demand. The possibility to instantaneously recognize fluctuation of sales demand 

against planned capacity raises awareness for the organization to take prompt action 

before disruptions such as delayed deliveries caused by shortage of equipment or 

containers occur. On this basis, awareness, visibility, and information sharing are 

resilience elements that are assigned to this specific metric.  

Another example is Supplier Performance which measures delivery punctuality, capacity 

planning and damage rate of deliveries for each contracted carrier. The performance of 

supplier is a critical factor in determining if Delivery Reliability indicator could be 

realized, thus directly affecting Customer Satisfaction metric. By monitoring Supplier 

Performance, the organization can dynamically recognize if the supplier is meeting the 

requirements, thus effectively identifying the potential disruptions caused by constant 

frequency of poor performance. This metric also shows good indication of reliability from 

the partners’ end as any forms of failure in delivering the goods might be translated into 

damaged trust. In addition, understanding performance of each carrier can inform the 

organization about strengths and weaknesses of each partner and how these factors can 

affect business operations, hence providing a basis to switch to a more qualified partner 

in prior to the occurrence of major disruption. Based on these arguments, Security, 

Knowledge Management, Risk Management, and Trust are resilience elements that are 

assigned to this specific metric.  

Lastly, fill rate of safety stock at strategic locations and safety stock utilization are 

considered important warning indicators in case safety stock level is insufficiently 
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maintained (below the targeted threshold) or the utilization rate of safety stock is 

exceptionally high (above the maximum threshold). In case of maintaining insufficient 

safety stock level, the organization will have little to no room to swiftly act upon when 

product availability is adversely affected in the brink of disruption. In case of the 

excessive utilization of safety stock, this might signal constant disturbances or ineffective 

planning process. On the basis of these figures, the case company can perform root cause 

analysis as a follow-up action to prevent any disturbances that might occur in the future.  

Metrics Elements of resilience 

Planning Accuracy Awareness, Visibility, Information Sharing 

Logistics Planning 

Accuracy 

Awareness, Visibility, Information Sharing 

Supplier Performance  Security, Knowledge Management, Risk Management, 

Trust 

Absolute volume of 

inventory 

Information sharing, Risk Management, Robustness 

Fill Rate of Safety Stock 

at strategic locations 

Awareness, Risk Management, Robustness 

Safety stock utilization Awareness, Risk Management, Knowledge Management 

Delivery Reliability Security, Knowledge Management, Trust 

Customer Satisfaction Security, Knowledge Management, Information Sharing 

Capacity Utilization Knowledge Management 

Variation against 

standard Logistics Cost 

Awareness 

Table 9 Selected SC performance metrics and associated elements of resilience 

Since early warning indicators indicate anomalies in the operations that can inform the 

organization about unexpected disruptions, the majority of them is planning-related 

indicators. The more accurate the organization could plan and coordinate its resources, 

the better control it has to prevent the occurrence of certain undesired events. For 

example, the market demand for pulp during pandemic time declines for some customer 

segments, leading to the constant fluctuation in sales planning forecast. If the Sales team 

is unable to grasp the market dynamic and plan according to the market situation, the 
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production planning will suffer, resulting in excessive stock level in case of overestimated 

sales forecast or insufficient stock level in case of underestimated sales forecast. Both 

scenarios all exert negative impacts on the efficient movement of pulp shipments to the 

customers that might result in disturbances cascading down to other nodes the SC, i.e., 

customers of the customer. As discussed, Pulp demand is affected by seasonality, hence 

monitoring Sales planning accuracy alongside with active observation on market 

situation will significantly reduce the risk of having imbalance supply and demand in 

Pulp SC. 
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5 DISCUSSION AND CONCLUSION 

To begin with, this chapter discusses findings of the research in light of theory, hence 

illuminating theoretical and managerial implications of the research. Following the 

discussion of implications, limitations of this research and recommendations for future 

research are presented. The chapter ends with concluding remarks. 

5.1 SCPMS with integrated early warning indicators  

The main research question of this thesis is to identify a SCPMS that is composed of 

relevant measurement framework and associated performance metrics for the case 

company. In essence, the fundamental requirements of this system are to demonstrate 

the SC performance of the company and provide warnings about potential disruptive 

events in advance.  

To answer this question, the BSC framework is determined to be the most suitable 

measurement framework. The selected framework combines both non-financial and 

financial measures and emphasizes on the importance of both types of measures. This 

emphasis is believed to provide a holistic view of the SC performance in its entirety, not 

solely its financial performance. Moreover, business strategy and objectives of the case 

company were thoroughly examined during the empirical research and BSC framework 

was proven to fit the strategic priorities that the company is intended to pursue for the 

upcoming period. Basically, three levels of measurement which are strategic, tactical, and 

operational were defined in the framework to differentiate the characteristics as well as 

time horizon between metrics. The content of the framework, meaning the SC 

performance metrics, was summarized from the most common SC performance metrics 

used in previous research and potential metrics included in several secondary data 

sources of the case company, then filtered out based on the company’s SC objectives.  

Twenty-two (22) performance metrics were identified and assigned accordingly to four 

perspectives of the BSC framework at different level of measurement, based on their 

calculation logic, unit of measurement, and frequency of monitoring. In addition, the 

findings indicate that some of the proposed metrics, which are embedded within 

themselves certain elements of resilience, have the capability to raise awareness and 

provide signals about possible disruptive events in the SC, for example, Planning 

Accuracy, Logistics Planning Accuracy, or Supplier Performance. Hereafter, they are 
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referred as early warning indicators of the SCPMS. Therefore, the proposed SCPMS, as 

illustrated in Table 10, addresses both requirements defined in the research question. 

As discussed, early warning indicators that contain different elements of SCRe are 

included and scattered across other perspectives of the BSC framework. Therefore, a 

section dedicated to these indicators is appended to the framework to draw attention 

from the business users and controllers to a set of metrics that could be observed and 

monitored to foresee possible disturbances (see Table 10). It is worth noting that the 

more frequent the metrics are monitored, the easier it will be to spot the possible 

abnormalities in the operations. As a result, the majority of metrics belong to either 

operational or tactical level. With the ability to be measured on both tactical and 

operational level, Planning Accuracy, and Logistics Planning Accuracy will be monitored 

on operational level in Early Warning Indicators section to allow a rigorous supervision 

on these metrics. Given these specifications of the SCPMS, when building a dashboard 

to report on these metrics, it is critical for the case company to  

• create a separate section designated for the Early Warning Indicators section in 

the layout of the dashboard,  

• enable the ability to drill-down to region-, supplier-, and customer-specific level 

for each metric,  

• enable the ability to observe and monitor metrics at different time horizon as 

metrics such as Planning Accuracy and Logistics Planning Accuracy are 

applicable to both tactical and operational level of measurement, 

• ensure the quality of underlying data used in the reports, 

• ensure the capability of reporting data in real-time for decision-making and 

prompt action 
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Level of 
measurement 

Financial Customer Business Process 
Management 

Growth and 
Learning 

Early Warning 
Indicators 

Strategic 

• Variations against 

budget (tool 

development) 

• Logistics Cost 

• Customer 

Satisfaction (NPS) 
(Empty) 

• Employees 

Engagement and 

Satisfaction 

Survey (EES) 

Result 

(Empty) 

Tactical 

• Inventory Days of 

Supply 

(Month/Quarter) 

• Variations Against 

Budget (Logistics) 

 

• Delivery 

Reliability 

• Customer 

Complaints 

• Safety Stock 

Utilization 

• Average Claim Age 

of Logistic 

• Planning Accuracy 

(Monthly) 

• Logistics Planning 

Accuracy 

(Monthly) 

• Capacity 

Utilization 

(Transport & 

Warehouse) 

• Supplier 

Performance 

 

• User Satisfaction 

• Number of 

Trainings across 

In-Use System 

• Demands 

Implemented 

• Release Accuracy 

• Supplier 

Performance 

• Absolute volume 

of inventory 

• Safety stock 

utilization 

• Delivery 

Reliability 

• Customer 

Satisfaction 

• Capacity 

Utilization 

• Variation against 

standard logistics 

cost 

Operational 
• Absolute Volume 

of Inventory 

• Fill Rate of Safety 

Stock at Strategic 

Locations 

• Planning Accuracy 

(Weekly) 

• Logistics Planning 

Accuracy (Weekly) 

 

(Empty) 

• Planning Accuracy 

• Logistics Planning 

Accuracy 

• Fill Rate of Safety 

Stock  

Table 10 Modified BSC framework with integrated early warning indicators 
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5.2 Actions needed to integrate the SCPMS into operation 

Another important aspect that is embedded in the purpose of this research, however not 

explicitly stated in the research question, is what actions the case company should 

undertake to effectively implement and utilize the proposed SCPMS. Bhagwat and 

Sharma (2007, p.57) argued that the BSC framework “is not only an operational tool, but 

it can also be the foundation for strategic management system”. Following suggestions 

of Kaplan and Norton (1996), the case company can take on following actions to 

effectively utilize the BSC framework as a strategic management system and seamlessly 

integrate the entire proposed SCPMS into operations.  

• Firstly, it is essential to align the business strategy of the case company and the 

proposed BSC framework in order to achieve consensus and build commitment.  

• Secondly, after having the strategy and BSC framework aligned, assigning a 

project team that is dedicated for the implementation of BSC framework and 

proposed performance metrics is crucial. During this formation stage, it is highly 

important to build a roadmap for the implementation of each individual metric 

on the basis of current reporting capabilities including data availability and data 

quality across the systems and available resources. Simultaneously, this project 

team would need to determine a targeted period for the readiness of the entire 

SCPMS. The next step would be to communicate the strategy across organization 

using BSC as communication vehicle since this method will help build awareness 

of the concept of BSC framework. During this phase, it is of paramount 

importance to clearly define each perspective as well as associated metrics in 

order to align a common understanding of the contents and rationale of the 

framework among all members across managerial levels to avoid 

misinterpretation and ensure accountability once the measurement is carried 

out.  

• Thirdly, for the ease of implementation, strategic goals should be translated into 

different initiatives and action programs using the proposed SCPMS as guideline 

for execution. These strategic goals should be embedded into specific goals of 

responsible teams and personal development plan of each individual to build 

accountability and commitment.  



 
 

 

85 

• Finally, when the BSC framework and its associated metrics are officially taken 

into use, data of each performance metric would need to be reviewed periodically, 

based on the defined monitoring frequency to evaluate the effectiveness of 

strategies, and make appropriate adjustments where applicable. 

In principle, performance metrics have direct influences on the decision-making process 

and action plans of the organization. The relationship between actions and performance 

metrics is reciprocal in nature, forming a close-loop cycle. Intrinsically, performance 

metrics depict areas that require certain decisions and/or actions for further 

improvements. Conversely, the actions that are taken upon will directly impact on the 

outcome of these metrics. That said, having the performance metrics in place solely for 

observation is not enough as suitable decisions and/or actions need to be taken 

promptly, based on the metrics’ results. On this account, establishing a guideline that 

defines actions or a set of actions to undertake when certain scenarios occur is critical to 

ensure proper usage and effectiveness of the proposed SCPMS. In order to establish this 

guideline, the preceding step would be to determine the threshold or acceptable range of 

deviation toward the targeted level for each metric based on historical data or industry 

benchmark, depending on the vision and strategy of the company. On top of that, 

appointing responsible personnel for each perspective and/or each level of measurement 

and/or each metric or group of metrics is necessary to hold accountability and engage 

employees in achieving a common target.  

5.3 Theoretical and managerial implications 

This research makes two major contributions to the literature. First, the research 

explores a new concept of advancing the SCPMS into a warning device for potential SC 

disruptions, hence paving way for further discussions on the topic. Second, this research 

tackles some of the most fundamental problems of defining SCPMS through the use of 

CCP framework and BSC framework such as the imbalance of financial and non-financial 

metrics (Holmberg, 2000; Gunasekaran et al., 2001; Bullinger et al., 2002), poor 

connection between metrics and strategy (Holmberg, 2000; Gunasekaran et al., 2001; 

Bullinger et al., 2002), lack of clear distinction between strategic, tactical and operational 

level metrics (Gunasekaran et al., 2011), and having too many metrics used concurrently 

(Holmberg, 2000). Essentially, the study confirms the applicability of CCP framework in 

defining SCPMS for commercial settings, especially for the case organization that has 
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already have advanced technological infrastructure in its operations and a stable SC 

environment.  

Furthermore, the BSC framework entails four fundamental perspectives which are 

financial, customer, business process, and growth and learning, providing a 

comprehensive view for both financial and non-financial performance of a SC. Using 

strategic priority themes defined by the case organization as the consulting device for 

performance management, BSC appears to be the most relevant among the three studied 

frameworks in this research as four perspectives of the framework closely aligns with the 

defined priorities. Process-based and SCOR model are not entirely inapplicable to the 

case organization. However, their method of measurement and characteristics are not as 

suitable to the business strategy, existing reporting capabilities, and available resources 

of the case organization as the BSC framework.  

Finally, SC performance metrics from literature are generic in nature as they are 

intended to fit into different modes of operation. Hence, the selection of appropriate 

metrics is heavily dependent on the context, the chosen performance measurement 

framework, and capabilities of the studied entity. Furthermore, it is crucial to note that 

many of SC performance metrics are embedded within themselves certain elements of 

resilience. When applied to different phases of disruptions, they interpret different 

meanings. Therefore, in order to select performance metrics that can also provide early 

warnings for potential disruptions, pre-disruption phase should be of primary interest 

and those elements that showcase awareness, robustness, security, trust, visibility, 

abilities to share information, manage knowledge and risk should be prioritized. For the 

case company, not all commonly used performance metrics identified in research are 

applicable or proven meaningful as this is a commodity business that operates in Make-

to-stock mode. That said, this SC possesses many unique traits. Therefore, multiple 

rounds of metrics filter were required to select the most suitable metrics for the case 

company. 

5.4 Limitations of the research and future research recommendations 

This research is executed in form of a case study which restricts the breadth of 

application of proposed findings, hence potentially compromising the generalizability of 

results. In addition, the concept of integrating resilience elements into SCPMS to provide 

early warnings for potential disruptive events within the SC is new in research as not 
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many studies have been conducted in this field. Therefore, there exists a need to further 

verify the findings of this research in other cases of different contexts.  

Besides, the proposed performance frameworks and metrics are solely based on the 

alignment of literature findings and empirical data gathered from the case company, not 

on observed performance of the frameworks and metrics. Thus, future research might 

evaluate the effectiveness of chosen framework and metrics in this research by observing 

and analyzing their behavior as well as their impacts on decision-making process and 

strategic action plan of an organization throughout a prolonged period. In addition, it 

would be interesting to observe and analyze the metrics included in the Early Warning 

Indicators section to evaluate its effectiveness in informing possible disturbances in real-

life situation of the SC.  

Lastly, regarding the resilience elements of the SCPMS, this research focuses strongly on 

the early warning indicators which are most applicable to the pre-disruption phase. 

Thus, future research should evolve the aim of this study by considering how 

performance metrics could be interpreted in other phases of disruptions, meaning during 

and post-disruption phases.  

5.5 Concluding remarks 

In general, this paper illustrates the process of defining a SCPMS through the review of 

literature and demonstrates how the resilience element can be integrated into the SCPMS 

in form of early warning indicators. The findings of this research could be used by 

practioners to establish a performance measurement system that could both improve 

overall efficiency and resilience of the SC. The concept of integrating early warning 

indicators into a SCPMS to enhance the resilience of SC is rather novel. Given the need 

of improving supply chain resilience in parallel with organizational productivity and 

profitability, understanding how elements of SC resilience could be enhanced through 

proper monitoring of performance measures is a promising area of research. Therefore, 

this research will hopefully attract more attention from researchers and open a pathway 

for further research into this area. 
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APPENDIX 1 INTERVIEW GUIDES FOR OTHER BUSINESS 
AREAS/STRATEGIC BUSINESS UNITS  

1. What are the indicators that reflect the performance of your supply chain? 

a. Do these measures belong to a specific framework? 

2. How are these Supply Chain Performance indicators measured in your 

organization? 

3. How does the selected SC performance measurement frameworks and their 

associated metrics tie to overall business strategy and objectives? 

4. What is the total number of SC performance metrics that are currently in-use in 

your organization? 

5. What systems are in-use for the measurement of SC performance in your 

organization? Could you describe the IT system landscape in your organization? 

6. Were you involved in the design/establishment of any performance 

measurement system? 

a. If yes, how did that process go? Who were involved in the process? 

b. What were your approach in designing/establishing the system? 

Were there any evaluation of context, process and metrics content taken 

into considerations before employing the measurements? 

c. How long does it take to design the system? 

d. How do you harmonize the set of measures across different geographical 

regions/market that have different ways of working? 

e. How long does it take to stabilize/mature the system? 

f. How long did it take to adopt the sets of measurements? 

g. What were the key success factors? 

7. As your organization has already have a well-established SC performance 

measurement system (SCPMS) in place,  

a. What were the challenges that your organization encountered when: 

i. defining this measurement system? 

ii. Measuring associated indicators of the system? 

b. What would you do differently? 

c. What lessons did you learn from these two processes of defining the 

SCPMS and measuring the indicators of this systems? 
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APPENDIX 2 INTERVIEW GUIDE FOR OPERATIONAL TEAM - 
UNDERSTANDING CURRENT SUPPLY CHAIN SETTINGS AND 
OPERATIONS OF THE CASE COMPANY 

1. How would you describe the supply chain of your BA/ SBU? 

a. Business model 

b. Material flows  

c. Transportation modes 

d. Organization and responsibilities 
e. External collaboration / integration 

2. How is the Planning process done in this organization?  (sales forecasting, 

capacity planning, production planning, stock planning, optimization, end-to-

end view for raw material sourcing and supply, etc.)  

a. Global, regional, or mill/ country-based planning? 

b. Organizations involved 

3. What kind of reporting and metrics/ KPIs are used to follow-up the efficiency 

and quality of the supply chain? 

a. What are the current KPIs in-use? 

b. Currently, what are the steps of defining the KPIs in the company? 

c. What does each KPI mean in company’s performance management? 

What is it used for? 

d. How does each KPI related to overall business strategy & objectives? 

e. What does the company want to achieve with these KPIs? 

f. Is each performance metric from different functions of the organization 

(Logistics/Integrated Business Planning/Tools & Processes) correlated 

to each other? 

4. What systems and digital solutions are used for  

a. steering and recording transactions? 

b. planning & optimizing? 

c. monitoring & reporting? 

d. customer interaction? 
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APPENDIX 3 INTERVIEW GUIDE FOR MANAGEMENT TEAM - 
UNDERSTANDING THE STRATEGY AND OBJECTIVES OF THE CASE 
COMPANY 

1. How do you describe company’s business strategy and its overall objectives? 

Can you describe and possibly differentiate SC objectives? 

2. What were the most important factors to achieve company’s SC objectives? 

3. What are the main key drivers for the company’s commercial success and 

performance? 

4. What are company’s areas of focus? 

5. What are company’s strengths and competitive advantage? 

6. What are the areas that need further improvement? 

7. From your perspective, what does commercial success mean to the company, 

both quantitatively and qualitatively (if applicable)? 

8. On what timeline do/would you measure/monitor/reflect on commercial 

success? (Quarterly? Annually? Etc.)  

9. On what level do/would you measure commercial success? 

(Strategic/Tactical/Operational?) 

10. Do you document this “commercial success/target” definition somewhere and 

communicate it to everyone across the organization?  

a. On a related note, is this success measurement relatable to everyone in 

the organization or only management team? 

11. What should be the evaluation of performance targets? 

• historically based targets 

• external benchmarks 

• internal benchmarks 

• theoretical targets 
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APPENDIX 4 INTERVIEW GUIDE – SELECTING THE APPROPRIATE 
MEASUREMENT FRAMEWORK FOR SC PERFORMANCE 

1. Does the delivery time/mode of delivery of the case company window differ?  

o from one customer to another?  

o from one region to another? 

2. How important it is for the company to measure an end-to-end supply chain? 

3. How important it is to take Risk landscape (like performing risk assessment, 

etc.) into accounts when establishing the measures? 

o Could you describe a business scenario that was heavily interrupted by a 

disruptive event or a series of disruptive events? 

o What were the causes of the disruption? 

o What are important elements of a measurement system to predict 

disruptive events? 

o How can risk element be added into considerations when establishing 

SC performance indicators? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes: There is room for organizations to improve with regard to perfect order 
index. Because this measure spans multiple logistics activities, organizations can 
break down the factors that go into a perfect order to determine if individual 
activities can be made more efficient. Improving the ability to take orders correctly, 
allocate inventory quickly, deliver products on time and send accurate invoices can 
lead to better perfect order performance. 
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APPENDIX 5 QUESTIONNAIRE FOR INPUT TO THE BRAINSTORMING 
SESSION 
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APPENDIX 6 SUPPLY CHAIN OBJECTIVES OF THE CASE COMPANY 

Factors Mean 

Cost efficiency 4,6 

Timeliness 4,4 

Process Efficiency 4,4 

Productivity 3,8 

Flexibility and 

Responsiveness 
4,4 

Transparency 4,2 

Buyer-supplier relationship 

management 
4 

Customer Satisfaction 4,8 

Sustainability 4,2 

Average 4,3 
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APPENDIX 7 BRAINSTORMING SESSION FOR METRICS FILTERING 

 

 


