
The Role of Supply Management for Sales and Operations 
Planning During the COVID-19 Pandemic 

Dr. Martin Lockstrom 
Senior Associate Professor of Operations Management 

International Business School Suzhou 
Xi’an Jiaotong Liverpool University 

Suzhou, P.R. China 
martin.lockstrom@xjtlu.edu.cn 

Abstract 

The aim of this paper is to examine the role of supply management for sales and operations planning (S&OP) during 
the COVID-19 pandemic. A deductive approach was deployed by building on a qualitative pre-study and various 
strands of SCM literature. All in all, eight hypotheses were derived and subsequently tested by drawing on an empirical 
sample collected from 130 global manufacturing firms operating in China. The data was then analyzed using partial 
least squares (PLS) analysis. The results indicated that business performance was positively influenced by the extent 
of S&OP activities, which in turn proved to be positively influenced by organizational setup, information sharing and 
supply management practices. The level of supply chain leadership turned out to act as antecedent to all of the three 
latter aforementioned. 
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1. Introduction
At the end of 2019, an unknown virus first hit in Wuhan, Hubei, one of the China’s biggest cities where many factories 
are located, with a complete city-wide lockdown lasting for ten weeks as a result (Yang et al. 2020). It subsequently 
spread to virtually every other country around the world in the ensuing months (Li et al. 2020). On Mar 11th 2020, it 
was proclaimed a pandemic by the World Health Organization (WHO) (Remuzzi & Remuzzi, 2020). With US$9.7 
trillion in intermediate goods trade, constituting 52% of global trade in goods exports (WorldBank  2019)，made the 
global economic and trade environment even tougher and brought further implications to world trade (Haake 2020; 
Heiland & Ulltveit-Moe  2020; van Hoek 2021).  

Many countries responded to the pandemic by closing or at least restricted their borders, cancelling flights, stopped 
inter-country rail transport, restricted domestic traffic and increased immigration controls (Abu-Rayash & Dincer, 
2020). As a result of the pandemic restrictions, international highways became congested by passenger and 
transportation vehicles. Large ports around the world also began to impose pandemic countermeasures, for instance 
quarantine routines for workers from major outbreak countries, prohibiting ships from entering and docking, in some 
cases shutting down seaports completely (Saleheen & Habib 2022). Due to the restriction between countries, global 
supply chains became severely constricted (Guan et al. 2020; Heiland & Ulltveit-Moe  2020).  

The pandemic has severely impacted supply chains across most industries, with shortages and soaring raw material 
prices as a result (Alsharef, Banerjee, Uddin, Albert, & Jaselskis 2021; Cai & Luo 2020; Gałaś et al., 2021). The 
situation has been particularly severe in e.g. the automotive industry where semiconductor shortages have caused 
production line stoppages for most global automotive OEMs (Ionela-Roxana, Boscoianu, Vrajitoru, & Boscoianu; 
Nickel & Schliebener 2021; Sawik  2020). 

Considering the aforementioned, this begs the question what companies should do in order to mitigate the negative 
impact from the COVID-19 pandemic on their supply chains, in particular related to supply shortages. The objective 
of this paper is to examine and test existing theory on sales and operations planning (S&OP) within the particular 
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context of the Chinese industry environment by analyzing empirical data collected through quantitative research 
methodologies. More specifically, the paper attempts to answer the following research questions in light of the 
COVID-19 pandemic:  

• What are the antecedents to sales and operations planning (S&OP) performance?
• How does S&OP influence business performance?
• What specific role does supply management play in the context of S&OP?

2. Literature Review
This paper adheres to several existing theories relative to supply chain management and sales and operations planning 
(Dougherty, 2000; T. F. Wallace 2004). 

2.1 Definition of Central Terms 
Sales and operations planning (S&OP) is comprehensive business management approach where the management team 
continuously strives for emphasis, synchronization and alignment across all functions of the organization (Sheldon 
2006). The S&OP concept involves updated forecasts that emanate into sales plans, production plans, inventory plans, 
customer lead time (backlog) plans, new product development plans, strategic plans and final financial plan (Lapide 
2004; T. F. Wallace  2004). The frequency of planning activities and planning horizon depend on idiosyncratic 
industry conditions. As a rule of thumb, the shorter the product life cycle and the higher demand volatility, the tighter 
the S&OP process is required. If done properly, the S&OP process will also enable effective supply chain management 
(Kreuter et al.  2021). 

The S&OP concept came into existence already back in the 1980s. APICS defines S&OP as the “function of setting 
the overall level of manufacturing output (production plan) and other activities to best satisfy the current planned 
levels of sales (sales plan and/or forecasts), while meeting general business objectives of profitability, productivity, 
competitive customer lead times, etc., as expressed in the overall business plan” (Dougherty 2000, p. 1). The key aim 
of the concept is to achieve production rates that helps accomplishing the company’s goal of balancing supply and 
demand by keeping, increasing, or decreasing inventories or backlogs, ideally while keeping the headcount as stable 
as possible (Dougherty  2000). The planning horizon must be sufficiently long so as to facilitate planning the allocation 
of labor, equipment, materials, facilities and financial resources needed in order to achieve production plan targets. 
As the S&OP plan spans across multiple corporate functions, is requires input from functions such as purchasing, 
production, marketing, finance, and so forth (T. F. Wallace 2004). 

S&OP has developed into a comprehensive framework in order to balance the often-conflicting objectives and trade-
offs between corporate functions that are prevalent in virtually every company and industry. As such, balancing supply 
and demand is critical for overall operational performance of the enterprise, and one of the key sources of competitive 
advantage (Kreuter et al. 2021). In sum, it is increasingly considered as one of the most important ways to synchronize 
the internal supply chain for the purpose of improving its effectiveness and efficiency (R. Kumar & Srivastava  2008). 
Furthermore, it has also been described as “a set of decision-making processes to balance demand and supply, to 
integrate financial planning and operational planning, and to link high-level strategic plans with day-to-day operations” 
(T. F. Wallace 2004). 

2.2 Problem Definition and Motivation of Research 
The S&OP process continuously assesses customer demand and supply availability and quantitatively rebalances over 
a pre-determined planning horizon. The rebalancing process considers changes from the previous planning period, 
while helping managers to better understand how a company has achieved its extant level of performance where the 
key focus is on future activities and expected outcomes (Lapide  2004). 

In the today’s ever-changing environment, S&OP is an important framework for providing visibility across the internal 
supply chain. In addition to this, it also assists the decision-making process which aligns and synchronizes different 
functions within in the company or between companies along the supply chain. Interestingly though, in literature, 
S&OP models mainly focuses on inventory management, sales, and production (Affonso et al.   2008), and less on 
supply-side activities like purchasing. Another literature review conducted by Vereecke, Vanderheyden, Baecke, and 
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Van Steendam (2018) highlights the importance of supplier collaboration, but at the same time shows that there is an 
underemphasis on proactive and forward-looking supply management as part of the S&OP framework. This is also 
corroborated by anecdotal evidence through multiple interactions with practitioners who claim that purchasing 
activities are often at best tactical, with little long-term considerations in terms of supply availability and upstream 
risks.  

This is further evidenced by a simple Google Trends analysis, which measures the longitudinal popularity of search 
for certain keywords and is widely used for forecasting and prediction in a variety of domains (Carrière‐Swallow & 
Labbé  2013). A search for the terms “supply forecasting” and “demand forecasting”, two concepts which conceptually 
should earn the same level of attention in any supply chain, shows that the latter garners 3-4 times as much attention 
as the former (Figure 1). What’s even more notable is that even during the pandemic, which started in early 2020, has 
not led to any major uptrend in the interest for the former, potentially explaining many supply-demand imbalances 
experienced during the pandemic.  

Nevertheless, anecdotal evidence indicates that companies that do have paid more attention to supply risks have also 
experienced less supply chain disruptions during the pandemic, such as Toyota which implemented an early warning 
system already after the Tohoku earthquake back in 2015 (Batth  2021; Matsuo  2015). Considering the supply 
squeezes that most, if not all companies have been facing at the time of writing, this calls for further investigation 
about the importance of supply management for effective S&OP, so as to better prescribe adequate actions for 
improving overall supply chain performance. In sum, it can be concluded that 1) supply management is 
underemphasized compared to demand management for at least the past decade, 2) this divergence trend has become 
even more exacerbated over time, and 3) companies didn’t significantly increase their attention during the pandemic, 
hence giving testimony to a reactive approach in general across companies. 

Figure 1. Google Trends analysis for the keywords “supply forecasting” and “demand forecasting”. 

In sum, this paper will take a novel view by more strongly emphasizing the supply side aspects of S&OP. Furthermore, 
as most S&OP research in the past have investigated companies operating in a relatively stable environment, this paper 
adds further novelty to the topic by investigating it during the COVID-19 pandemic, a period characterized by a high 
degree of uncertainty and market volatility. 
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3. Conceptual Framework and Hypotheses
For the purpose of this research, we utilize a variant of a framework as proposed by Thomé, Scavarda, Fernandez, and 
Scavarda (2012), which was synthesized through a meta-analysis of 271 research papers. This framework basically 
perceives S&OP as a process which converts inputs in the shape of plans, forecasts, operational constraints, inventory, 
budget and costs into outputs in the shape of marketing, sales, operations and finance plans (Thomé et al. 2012). 
Furthermore, the process is influenced by the corporate strategic plan which in turn is influenced by the business plan. 
Despite its rigor and comprehensiveness, the underlying meta-analysis indicates a clear over-emphasis on demand-
side planning activities, where supply-side activities like purchasing is barely mentioned at all; conceptually, this is 
instead being incorporated into the activity category referred to as “operations”. 

In terms of performance implications of S&OP, Feng, D’Amours, and Beauregard (2008) utilized a mixed integer-
based programming model which showed that completely integrated S&OP frameworks yield higher financial returns 
than a partially integrated or decoupled planning process. Research by Selldin and Olhager (2007) showed that S&OP 
and master planning act as mediators between business uncertainty and the financial performance. Furthermore, 
Nakano (2009) identified a positive linkage between internal and external alignment the effects from this on 
performance. What’s more, Hadaya and Cassivi (2007) identified a positive relationship between information systems 
and collaboration on business performance. In addition, research by McCormack and Lockamy (2005) concluded that 
there was a positive effect from formal groups, informal organization, integration, and network formation on business 
performance. Finally, Oliva and Watson (2011) showed in a case study that business performance is improved by the 
existence of an effective S&OP process even in the case of conflicting incentives and rewards in the supply chain. For 
the purpose of this study, we separate business performance into two constructs, namely strategic performance and 
financial performance. Having said the above, we define the first set of hypotheses as follows: 

H1a. Sales and operations planning has a positive impact on strategic performance. 
H1b. Sales and operations planning has a positive impact on financial performance. 
In terms of antecedents to sales and operations planning, Thomé et al. (2012, p. 5) conceptualizes the process itself to 
comprise three main activities, namely “meetings and collaboration”, “organization”, and “information technology”. 
For the purpose of this paper, it is understood that meetings and collaboration is conceptually part of the organization 
construct in a sense that it both represents “what the company is having”, as well as “what the company is doing”. 
Implementation of a formal S&OP process and formation of a formal S&OP team have been shown to be pivotal for 
high process performance (Lapide 2004, 2005a, 2005b; Piechule 2008; Singh  2010; Whisenant  2006). Considering 
the importance of embedding S&OP in an adequate organization, we hypothesize the following: 

H2a. Supply chain organization has a positive impact on sales and operations planning. 
Another key success factor of supply chain management that has been repeatedly pointed out is information sharing. 
As (Lee, Padmanabhan, & Whang, 1997, p. 546) points out, it is a “basic enabler for tight coordination is information 
sharing, which has been greatly facilitated by the advances in information technology”. Further theoretical models by 
(Lee, So, & Tang 2000) corroborates this view. Marshall (2015) continues along this line by demonstrating through a 
meta-analysis how information sharing leads to strategic changes between manufacturers and suppliers. Sanders and 
Premus (2002) demonstrate that “improve communication, enable effective decision making, acquire and 
transmit data, and enhance performance of the supply chain”. Furthermore, it has been repeatedly 
proven that supply chain information sharing can have positive impact on supply chain performance 
in terms of better customer service (Huang & Gangopadhyay 2004); Lee and Whang (2000). From a 
process point of view, information technology has been shown to be a key enabler (Lapide, 2005a), even though some 
scholars argue that simple solutions like spreadsheets can be used for monitoring and controlling in the initial 
implementation phase (Grimson & Pyke  2007; T. Wallace & Stahl, 2008). Furthermore, Feng et al. (2008) discussed 
the use of mathematical models and simulation techniques in order to balance supply and demand in an optimal fashion. 
Finally, Affonso et al. (2008), Ivert Kjellsdotter and Jonsson (2014), and Chen-Ritzo, Ervolina, Harrison, and Gupta 
(2010) have also stressed the importance of advanced planning and scheduling systems (APS) in S&OP. As a 
consequence, the following hypothesis is defined: 

H2b. Supply chain information management has a positive impact on sales and operations planning. 
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Despite not having a very prominent place in S&OP, it is commonly known from the domain of supply chain 
management, as well as from anecdotal evidence and past research that supply management plays an important role 
in for effective supply chain management (Lockström & Lei  2013; M. Lockström, J. Schadel, N. Harrison, R. Moser, 
& M. K. Malhotra, 2010; T. F. Wallace 2004). Davidsson and Hansson (2019) describes through a case study how 
purchasing can be integrated with the S&OP framework. A few authors have described S&OP frameworks where 
procurement should be part of cross-functional collaboration (Feng et al. 2008; Nabil, El Barkany, & El Khalfi 2018), 
however there are no known studies where causal linkages to or from it has been previously examined. With that in 
mind, we develop the following hypothesis: 

H2c. Supply management has a positive impact on sales and operations planning. 
Literature is replete with studies that highlight the importance of leadership as the primordial antecedent to effective 
supply chain management. Through a meta-analysis, Mokhtar, Genovese, Brint, and Kumar (2019) identified 51 
influential studies from top-tier journals that investigates the topic. Significant and positive linkage between leadership 
and various supply chain related factors have been verified in the past (Lockström & Lei  2013; M. Lockström, J. 
Schadel, N. Harrison, R. Moser, & M. Malhotra  2010). As of today, most leadership research has usually been 
centered on “influencing a group of people to achieve a common goal” within a single focal organization (Northouse, 
1997, p. 3) by utilizing formal power and authority (French & Raven 1959). Although the concept of supply chain 
leadership is generally perceived to span firm boundaries (Lockström & Lei, 2013; Martin Lockström et al., 2010), 
this study specifically examines the influence of leadership within one’s own organization. In order to carry out 
effective S&OP, adequate supply of raw materials have to be ensured. As power in any organization for the most part 
emanates from top down, it is clear that leadership plays a pivotal role for managerial activity; this also applies to the 
domain of supply chain management, including the three aforementioned areas pertaining to S&OP. As a result, we 
propose the following set of hypotheses: 

H3a. Leadership has a positive influence on the supply chain organization. 
H3b. Leadership has a positive influence on supply chain information management. 
H3c. Leadership has a positive influence on supply management. 

As a result, this leads to the following conceptual framework as shown in Figure 2. 

Figure 2. Conceptual framework with hypotheses. 

4. Methodology
The model shown in Figure 2 was tested by collecting empirical quantitative data through online survey methodology. 
The sample domain of the research mainly consisted of middle and upper managers from large-sized companies with 
operations in China, for instance general managers, functional heads, directors, but also c-level executives. The pre-
study indicated that these categories of professionals are commonly involved in supply chain and operations functions 
within the enterprise. As a result, these categories of informants were considered the most qualified or inclusion in the 

Proceedings of the 6th European Conference on Industrial Engineering and Operations Management 
Lisbon, Portugal, July 18-20, 2023 

© IEOM Society International 144



research, hence minimizing the risk of key-informant bias (N. Kumar et al. 1993). An annual revenue exceeding 
US$5B was set as a qualifying criterion for participation in the study.  

As a first step, a contact database consisting of 1,308 entries of companies with operations in China was prepared. As 
a second step, the contacts in this database were sent an invitation e-mail to complete the online questionnaire. The 
invitation contained a hyperlink through which participants could access survey in the shape of an online questionnaire. 
286 invitations bounced back and the corresponding contacts were hence invalid. This is a normal phenomenon as 
people change jobs over time, hence rendering e-mail addresses increasingly invalid as time goes by. This 
phenomenon is particularly prevalent in China as the average job turnover rate is still a double-digit percent (Xu 2010). 

A total number of 143 questionnaires were completed, thus yielding an initial response rate of 14.0 percent. Out of 
these, 72 questionnaires were only partially filled out. 25 were still deemed sufficiently useful, rendering a final total 
of 96 useable questionnaires. One week after the first e-mail invitation round, non-respondents were contacted via 
telephone and a follow-up e-mail and asked to complete the online questionnaire. In order to safeguard proper 
information gathering, the phone calls were conducted by a native Chinese-speaking research assistant. Through this 
effort, a total of 118 phone calls were satisfactorily made, rendering another 42 completed questionnaires. 8 of these 
were again only partially completed, making the remaining 34 useable.  

As a result, a final tally of 130 usable questionnaires were finally attained, corresponding to an effective response rate 
of 11.4 percent, which is modestly lower compared to mail surveys but are not considered any problem as pointed out 
previously through past research (Fitti, 1979; Massey et al.  1981). The achieved response rate is also in line with 
levels observed in empirical studies from the past (Banker, Bardhan, Chang, & Lin, 2006; Ray, Muhanna, & Barney, 
2001); the challenge to achieve adequate response rates is even more prevalent in China as local companies are usually 
highly concerned about confidentiality and data protection. The sample comprised a broad array of industries, 
distributed as depicted in Table 2. The industries correspond to SIC codes 07, 17, 28, 34, 35, 36, 37, 47, 48 and 55. 
For this paper, only manufacturing industries were involved, intentionally focusing on those with a significant degree 
of import and export activities such as machinery and automotive. 

Table 1. Country of origin. 

Country #Companies Percentage 
United States 22 17 
Germany 20 15 
United Kingdom 16 12 
Netherlands 8 6 
China 7 5 
Japan 3 2 
Korea 3 2 
Italy 8 6 
France 8 6 
Spain 7 5 
Brazil 3 2 
Mexico 4 3 
Canada 4 3 
Other 17 16 
Total 130 100 

As can be seen from Table 1, most companies were from western countries such as Germany, USA and UK, accounting 
for forty percent of the total sample. In terms of industry representation, machinery, electronics, energy and retail 
comprise 50% of the total sample (Table 2). 

 Table 2. Industry representation 

Industry #Companies Percentage 
Machinery 22 17 
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Electronics 20 15 
Energy 14 11 
Retail 9 7 
Transportation 8 6 
Chemical 8 6 
Agriculture 4 3 
Financial services 4 3 
Construction 4 3 
Communications 1 1 
Others 36 28 
Total 130 100 

. 

Approximately 24 percent of the completed questionnaires were obtained via the follow-up call; this classification 
was utilized in order to examine potential non-response bias. In order to verify this, a variant of the approach as 
suggested by Armstrong and Overton (1977) was utilized. Questionnaires from the initial phase were compared to the 
respondent group from the follow-up calls on three nominal variables, in this case relative sales growth, return on 
assets and market share (Lockström & Lei, 2013). The premise of this analysis was that follow-up call responses 
shares the same qualities and response biases compared to those of non-responses. A chi-square test was conducted 
which didn’t indicate any significant differences between first-round online respondents and follow-up call 
respondents for the variables comparative sales growth (χ2

5df = 3.27, p = 0.66), return on assets (χ2
5df = 6.55, p = 0.26) 

or industry (χ2
5df = 4.35, p = 0.50). In other words, no evidence of obvious response bias in the sample appeared to be 

present. Even though there are more rigorous non-response bias tests available (Mentzer & Flint 1997), this one was 
deemed fit for purpose for this particular research. 

5. Analysis and Results
In this section, the empirical data collection and corresponding results from the analysis is explained. In terms of 
methodology, the analysis process was divided into two parts. In the first phase, the measurement model was evaluated, 
after which validation of the structural model itself followed. 

5.1 Measurement Model 
For this research, an procedure as proposed by Jarvis, MacKenzie, and Podsakoff (2003) was applied. In case of 
uncertainty, extant theory, constructs defined in the past, and the pre-study were utilized to optimally operationalize 
the constructs (Barclay, Higgins, & Thompson, 1995; Chin & Gopal, 1995; John Hulland, 1999). As the latent 
variables measure beliefs and attitudes of respondents, they should preferably be operationalized through reflective 
item indicators (Coltman et al.  2008). Put differently, the constructs can be perceived as encompassing latent variables 
where construct items represent a common theme and hence are correlated. The constructs along with corresponding 
items are shown in Table 3. Every question was derived from pertinent literature so as to safeguard content validity 
and these were also confirmed through prior expert interviews so as to ensure face validity.  

Table 3. Definitions of latent variables and corresponding construct items. 

Latent Variable Item 
Code Item Scale Measurement 

Supply chain 
leadership (LEAD) 

LEAD1 We extensively involve senior management in the sales and operations planning process. 
LEAD2 We extensively involve senior management in the demand planning process. 
LEAD3 We extensively involve senior management in supply planning process. 
LEAD4 We extensively involve senior management in supply chain execution activities. 

Supply chain 
organization (ORG) 

ORG1 Most corporate functions are involved in cross-functional S&OP collaboration initiatives. 
ORG2 Our staff have the right level of competencies and skills to effectively carry out S&OP 

activities. 
ORG3 S&OP related KPIs are part of our employees’ individual performance assessment 
ORG4 We have a formal S&OP taskforce existing in our organization. 

Information 
management (IM) 

IM1 We frequently receive and share supply chain related information with partners. 
IM2 We extensively use IT tools and techniques to support information sharing. 
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IM3 We use objective data in our supply chain planning process. 
IM4 We use multiple data sources in our supply chain planning process. 
IM5 We continuously strive to improve information sharing. 
IM6 We take corrective action when necessary to improve information sharing. 

Supply management 
(SM) 

SM1 We actively categorize our suppliers based on strategic impact and supply market risks 
SM2 We extensively collaborate with suppliers in order to gain better insight in future supply 

availability. 
SM3 We continuously identify and evaluate upstream supply chain risks and/or other potential 

bottlenecks. 
SM4 We strive to ensure availability of supply (e.g. backup suppliers, multiple sourcing etc.) 

Sales and operations 
planning (SOP) 

SOP1 We apply IT tools and/or other techniques to effectively balance supply and demand. 
SOP2 We apply IT tools and techniques for supply planning purposes. 
SOP3 We apply IT tools and techniques for demand planning purposes. 
SOP4 We involve supply planning in S&OP processes. 
SOP5 We involve demand planning in S&OP processes. 
SOP6 We continuously and actively develop/deploy formal S&OP plans which considers both 

supply and demand factors. 
SOP7 We continuously do long-term demand planning. 
SOP8 We continuously do short-term demand planning. 

Strategic 
performance (SP) 

SP1 We are among the top three competitors over the past three years in terms of sales growth. 
SP2 We are among the top three competitors over the past three years in terms of market share. 

Financial 
performance (FP) 

FP1 We are among the top three competitors over the past three years in terms of pre-tax 
profitability (EBIT). 

FP2 We are among the top three competitors over the past three years in terms of return on 
assets (ROA). 

A factor analysis was conducted in order to ensure convergent validity. The results indicated that all construct items 
loaded significantly onto the respective constructs, with a few exceptions, namely SOP6-8, IM6 and LEAD4, however 
these turned out to pose no problem when applying PLS as is shown in the following; hence convergent validity was 
deemed adequate on the whole (Table 4). The resulting constructs were subsequently applied using PLS modeling.  

Table 4. Factor analysis results. Extraction Method: Principal Axis Factoring. Rotation Method: Equamax with 
Kaiser Normalization. Rotation converged in 13 iterations. 

Construct Item Factor 
1 2 3 4 5 6 7 

SOP1 .772 .080 .280 .251 .152 .066 .247 
SOP2 .594 .084 .071 .131 .372 .375 .084 
SOP3 .592 .075 .018 .141 .217 .253 -.002 
SOP4 .590 .208 .307 .147 .231 .107 .117 
SOP5 .579 .229 .181 .252 .184 .064 .218 
SOP6* .251 .136 .025 .015 .219 .188 .149 
SOP7* .340 .210 .056 .135 .310 .131 .120 
SOP8* .323 -.007 .209 .275 .141 .116 .189 
IM1 .182 .811 .150 -.024 .122 .194 -.007 
IM2 .154 .800 .309 .027 .087 -.002 .060 
IM3 .001 .636 -.077 .105 -.036 .063 .228 
IM4 -.053 .539 -.247 .230 -.088 .042 .401 
IM5 -.164 .506 .229 .472 -.027 .139 .035 
IM6* .298 .498 .139 .113 .117 -.057 .176 
ORG1 .276 -.004 .790 .037 .118 .078 .169 
ORG2 .050 .180 .708 .101 -.048 .217 .092 
ORG3 .072 .147 .635 .067 .036 .280 .064 
ORG4 .147 .088 .567 .198 .400 -.101 -.049 
SM1 .220 -.075 .034 .767 .041 .073 .017 
SM2 .088 .203 .102 .733 .075 -.073 .061 
SM3 .049 .039 -.047 .669 -.082 .143 .254 
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SM4 .348 .063 .237 .601 .214 .109 -.002 
LEAD1 .171 .040 -.070 .052 .811 .230 .090 
LEAD2 .124 .064 -.029 .028 .727 .222 .178 
LEAD3 .009 -.064 .496 -.129 .648 .022 .058 
LEAD4* .102 .385 .433 .142 .386 .207 .013 
FP1 -.033 -.003 .178 .134 .138 .809 .177 
FP2 .118 .067 .054 -.065 .140 .762 .431 
SP1 -.058 .026 .121 .147 .144 .185 .803 
SP2 .261 .063 .065 -.119 -.026 .431 .685 

As a subsequent step, Cronbach’s alpha and the Fornell and Larcker (1981) measure of internal consistency for each 
of the constructs were calculate in order to validate construct reliability. As shown in Table 5, all the respective values 
were significantly above the threshold of 0.70 as proposed by (Nunally 1978). Furthermore, factor loadings (>0.50) 
and statistical significance of construct item loadings were assessed in order to verify convergent validity, as suggested 
by Falk and Miller (1992). In addition, average variance extracted (AVE), should also be above the threshold value 
of 0.50 (Barclay et al. 1995). As shown in Table 5, all these criteria were fulfilled and surpassed by a wide margin.  

Table 5. Measurement model specification. 

Construct 
name 

Construct 
items 

Factor 
loadings 

t-values AVE Cronbach’s 
alpha 

Composite 
reliability 

LEAD LEAD1 0.88 13.7 0.72 0.79 0.98 
LEAD2 0.89 11.8 
LEAD3 0.92 12.4 
LEAD4 0.68 3.80 

ORG ORG1 0.96 59.3 0.92 0.84 1.00 
ORG2 0.96 45.7 
ORG3 0.95 52.8 
ORG4 0.96 71.0 

IM IM1 0.90 16.4 0.73 0.84 0.98 
IM2 0.89 13.0 
IM3 0.93 30.2 
IM4 0.92 21.1 
IM5 0.72 3.60 
IM6 0.74 4.05 

SM SM1 0.95 41.0 0.92 0.82 1.00 
SM2 0.96 31.4 
SM3 0.96 39.1 
SM4 0.95 29.4 

SOP SOP1 0.87 21.3 0.82 0.93 0.99 
SOP2 0.92 32.1 
SOP3 0.89 11.1 
SOP4 0.91 12.1 
SOP5 0.92 25.5 
SOP6 0.87 19.5 
SOP7 0.90 11.5 
SOP8 0.91 9.24 

SP SP1 0.98 138 0.93 0.84 1.00 
SP2 0.98 136 

FP FP1 0.96 52.6 0.97 0.77 1.00 
FP2 0.97 80.4 

In the final step, discriminant validity was assessed by comparing the square root of latent variable average variance 
extracted (AVE) with latent variable correlations (Table 6). The correlation matrix showed that the square root of 
AVE was greater than the off-diagonal values except for one (SOP vs. LEAD; 0.91 vs. 0.95 respectively), which 
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provides evidence of discriminate validity (J. Hulland et al.  1995). However, the difference the difference was not 
big enough to cause overall concern. 

Table 6. Latent variable correlation matrix. 

No. Construct Mean σ √AVE 1 2 3 4 5 6 7 
1 LEAD 3.55 0.97 0.85 1.00 
2 ORG 3.48 0.75 0.96 0.55 1.00 
3 IM 3.23 0.88 0.85 0.67 0.80 1.00 
4 SM 3.71 0.65 0.96 0.85 0.61 0.71 1.00 
5 SOP 3.47 0.88 0.91 0.95 0.56 0.67 0.83 1.00 
6 SP 3.23 0.86 0.96 0.67 0.81 0.92 0.75 0.71 1.00 
7 FP 3.18 0.74 0.98 0.69 0.73 0.84 0.74 0.66 0.85 1.00 

5.2 Structural Model 
The software SmartPLS 13.0 was used to evaluate the structural model (Sarstedt et al.  2017). Partial least squares 
regression is a suitable statistical methodology since it does not assume normally distributed data, it is insensitive to 
multicollinearity, and performs well under conditions where the number of indicator variables is large in comparison 
compared to the sample size (Abdi 2003). As PLS is a components-based structural equations modeling technique, 
PLS is similar to regression, however it also concurrently models the structural paths (i.e., theoretical relationships 
between constructs) as well as the measurement paths (i.e.  relationships between a construct and its item variables). 
Instead of assuming the same weights for all indicators of a scale, the PLS algorithm enables each indicator to 
dynamically adjust the composite score contribution of the latent variable. Therefore, lower weightings are assigned 
to construct items with weaker relationships to related indicators and the latent construct. In that sense, PLS is superior 
to techniques such as regression as the latter assume error free measurement (Lohmöller  1989; Wold 1975, 1980 
1985). 

Concerning minimum sample size, an procedure proposed by Cohen and Cohen (1983) was utilized. It involves 
computing the minimum sample size for each construct in separation by computing their corresponding squared 
multiple correlations (R2) and the associated number of paths leading to each one of them. After choosing the most 
common significance level of 0.05 and the ideal statistical power level of 0.8, the minimum sample size is obtained 
through the largest of this set of numbers calculated. In hindsight, the minimum sample size turned out to be 124, 
which is achieved by margin with an actual sample size of 130 in this case. 

The latent variables ORG, IM and SM proved to be positively influenced by LEAD, with corresponding amounts of 
variance explained at 51.0, 63.5 and 71.2 percent, respectively. All three paths were significant at the 0.1 percent level, 
and the corresponding path coefficients were 0.71, 0.80 and 0.84 respectively. Consequently, hypotheses H3a-c were 
all accepted. The latent variable SOP proved to be significantly and positively influenced by LEAD, IM and SOP, 
with path coefficients of 0.21, 0.37 and 0.42, respectively. A total of 82% of its variance was explained by the three 
constructs. Hence, hypotheses 2a-c were accepted. SOP in turn proved to positively and significantly influence both 
SP and FP at the 0.1 percent level, with path coefficients of 0.71 and 0.67, respectively. The variance explained by it 
were 49.7 and 44.9 percent, respectively. Consequently, hypotheses 1a-c were accepted. A summary of the hypothesis 
testing is shown in Table 7. 

Table 7. Path coefficients of structural model 

Hypothesis Path Path 
Coefficient 

Standard 
Error 

t-value

H1a SOP→FP 0.71*** 0.084 8.4 
H1b SOP→SP 0.67*** 0.13 3.15 
H2a ORG→SOP 0.21* 0.059 14.2 
H2b IM→SOP 0.37** 0.091 2.36 
H2c SM→SOP 0.42** 0.099 6.79 
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H3a LEAD→ORG 0.71*** 0.12 3.03 
H3b LEAD→IM 0.80*** 0.1 7.7 
H3c LEAD→SM 0.84*** 0.097 7.36 

. 

In sum, all eight hypotheses postulated were accepted. With this in mind, the overall validity of the model can be 
considered very high. A graphic illustration of the structural model can be seen in Figure 3. 

Figure 3. Structural model with path coefficients, construct variance explained and significance levels. * Significant 
at the 0.05 level. ** Significant at the 0.01 level. *** Significant at the 0.001 level. — Insignificant path. 

6. Conclusions
Virtually every company around the world has been affected by the COVID-19 pandemic to more or less extent. 
Having said that, it is of importance for companies to learn from the past and better understand how to effectively 
mitigate effects from it, but also in order to be better prepared for similar adverse macro events in the future. In this 
section, contributions to theory and implications for managers are discussed. 

6.1 Theoretical Contributions 
This study examined antecedents to sales and operations planning and the effects corresponding impact on business 
performance. The result from the study supports hypothesized causal linkages related to S&OP in terms of leadership, 
organization, information management, and supply management on sales and operations planning, and in turn the 
effects on business performance. The results were in line with expectations where all hypotheses were accepted at 
high significance levels. Overall, the outcome provides insight into the causes and effects of S&OP under highly rare 
and idiosyncratic conditions in terms of the COVID-19 pandemic.  

As most companies have adjusted their supply chains according to a long period of relative stability ever since the 
global financial crisis (GFC) back in 2008, they have literally been taken with their pants down as the Sino-US trade 
war struck in 2018, followed by the COVID-19 pandemic in early 2020. More specifically, referring to the supply 
chain design framework proposed by Lee et al. (1997), it’s becoming increasingly evident that companies during this 
period opted for an “efficient” supply chain design which is characterized by focus on efficiency, low cost, zero-
inventory policy, just-in-time (JIT) delivery, and similar things. As such, it is becoming increasingly clear that 
management concepts like “lean” is not a panacea, and it should be understood that it’s not ideal under all conditions. 
As a consequence, companies need to build “higher-order” S&OP capabilities in order to re-configure supply their 
supply chains as the environment changes – in other words, having the ability to rapidly transition from an “efficient” 
supply chain to an “agile” one when the situation calls for it. In sum, this insight provides a novel perspective on 
exiting supply chain theories related to S&OP. 
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6.2 Managerial Implications 
COVID-19 has exposed weaknesses of the global supply chains to disruptions and as a consequence a potential 
overreliance on China for sourcing and manufacturing (Javorcik & work, 2020). Some scholars, like Shih (2020) 
argues that it is time to start rethink the concept of global supply chains. As supply chains have been severely affected 
by the COVID-19 pandemic in terms of delays, disruptions and soaring raw material prices, companies need ways to 
mitigate the impact both today but also for the future. As described in section 7.1, conduct periodic assessment of both 
the external environment and one’s own supply chain so as to ensure that there’s a strategic fit between the two. Ideally, 
this exercise should be forward-looking, in order to promote a proactive rather than a reactive approach, as the latter 
usually implies addressing problems when it’s already too late. As the S&OP framework has predominantly 
emphasized demand-side activities, this research shows highlights the equal importance of supply-side activities in 
order to achieve optimal supply chain performance. 

In concrete terms, this means continuous screening for internal and external supply chain risks, overall assessment of 
supply and demand uncertainty, with corresponding adjustments of sourcing strategies, inventory policies etc., as a 
result. For instance, anecdotal evidence shows that many companies have misunderstood the concept of “lean”, 
erroneously believing that the goal should be minimization or even elimination of inventory, whereas in fact the correct 
approach is optimization of inventory levels. Such a small shift in paradigm means that there will be sufficient leeway 
and ability to justify inventory increases during periods of high uncertainty, and reduction of inventory during periods 
of low uncertainty. 

What this means from a supply management perspective is that companies have to enable the ability to dynamically 
shift between the prevalent “Just-In-Time” (JIT) and the less applied “Just-In-Case” (JIC) philosophies. In addition to 
adjustment of inventory levels, this means adjusting a number of supply chain design parameters. First, companies 
need to properly segment their supplier base according to their strategic importance and structure their relationships 
accordingly (Kraljic, 1983). For strategic and bottleneck suppliers, this might imply increasing the number of active 
suppliers per category, or at least qualify backup suppliers. Second, from a risk mitigation point of view, companies 
should also assess the geographic dispersion of suppliers and make sure they aren’t too concentrated to a single region; 
over the years, it has become clear that many companies have become over-reliant on countries like China. Third, 
from an information sharing point of view, companies should also set up early warning systems, where information 
in the form of alerts are forwarded not only from first-tier suppliers, but also from lower-tier suppliers, thereby 
increasing timeliness and accuracy of information. Toyota did this years ago as a result from the Fukushima nuclear 
disaster and managed to go relatively unscathed during the automotive semiconductor shortage during the pandemic 
(Davis  2021). Fourth, agile product development techniques which enables rapid product reconfiguration can enable 
“designing away” serious supply bottlenecks on a relatively short notice (de Raedemaecker, Handscomb, Jautelat, 
Rodriguez, & Wienke  2020). 

To conclude, the ultimate competitive advantage of a business is its ability to adapt to a changing environment; 
companies that fail to do this, will see the same fate as the dinosaurs once did, namely going extinct. As supply chains 
play a pivotal role for most businesses, they’re truly one of the key success factors in this context. 

6.3 Limitations and Suggestions for Future Research 
As this is a cross-sectional research project, as a consequence, the results only offer a snapshot picture of the pertinent 
situation. Therefore, it does not consider the fast-changing nature of production and sourcing markets in developing 
countries such as China. As a supplement to cross-sectional studies, a longitudinal follow-up study could also add 
further rigor to the arguments about causality. What’s more, considering the fairly small sample size, it was not feasible 
to conduct cross-industry comparisons. On the other hand, this provides opportunities for future research so as to 
identify and analyze industry-specific differences and similarities. Finally, the specific conditions of the Chinese 
industry impedes the generalizability of the conceptual framework to other geographical regions. Nevertheless, this 
study is an important step for the development of conceptual frameworks for quickly developing economies and 
industry sectors.  
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