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Abstract

Purpose – The purpose of this paper was to explore individual- and firm-level antecedents of the ability of a
manufacturing firm’s personnel to collaborate and integrate knowledge for organizational resilience practices.
Design/methodology/approach – The authors apply hierarchical regression analysis to study a sample of
192 European industrial equipment manufacturers. Data for each firm are collected from surveys of two key
informants in each firm, as well as from public sources.
Findings –Firms’personnel’sability to integrate informationandknowledge for organizational resiliencepractices
was positively related with the extent of the head of manufacturing’s network of personal contacts inside the firm.
This effect was stronger in firms with more formalized job descriptions and clearly defined roles. The head of
manufacturing’s orientation to teamwork and cooperation impacted this ability only in firms that did not financially
incentivize cooperation. The authors also found that cooperation incentives and role formalization directly relate to
firms’ personnel’s ability to integrate information and knowledge for organizational resilience practices.
Originality/value – The study proposes to study organizational resilience practices through a transactive
memory systems lens.The study is also the first to link characteristics of individualmanagers to firm-level resilience
practices by examining the antecedents of firms’ ability to integrate information and knowledge to recover from
operational disruptions. Furthermore, the study serves to enhance the knowledge of resilience practices by
examining the role of firm-level antecedents and their interplay with characteristics of individual managers.
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Paper type Research paper

1. Introduction
Every manufacturing firm has to contend with unforeseen operational disruptions (Shewart,
1931; Perrow, 2011). Suppliers deliver components late or with quality defects. Customers ask
for modifications in product requirements midway through the development process.
Machine breakdowns interrupt production flows. Incorrect engineering specifications
generate manufacturability failures. Conformance problems only reveal themselves during
final assembly. In response to the occurrence of such operational disruptions, manufacturers
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are forced to adjust their original order-fulfillment plans, which negatively impacts their
delivery reliability (Tenhiala and Salvador, 2014; Tenhiala et al., 2018) and financial
performance (Hendricks et al., 2005). In order to minimize the impact of having to adjust
original order-fulfillment plans, manufacturers deploy organizational resilience practices
(Craighead et al., 2007; Tenhiala and Salvador, 2014; Polyviou et al., 2019; Scholten et al., 2019).
We define organizational resilience practices as efforts that manufacturers make to amend
order-fulfillment plans in reaction to operational disruptions. The effectiveness of resilience
practices benefits from the possession of redundant (Sheffi and Rice, 2005) and flexible
resources (Anand and Ward, 2004), such as safety inventory, duplicated supply sources, or
multipurpose labor and machinery. However, collaboration and knowledge integration are
often essential to the deployment of these and other relevant resources (Kogut and Zander,
1992; Grant, 1996; Brandon andHollingshead, 2004). By accessing organizationally dispersed
information and knowledge resources and integrating them towards the amendment of
original plans, organizations become better able to cope with unforeseen operational
disruptions (Tenhiala and Salvador, 2014; Scholten and Schilder, 2015; Ambulkar et al., 2015;
Revilla and Saenz, 2017; Tenhiala et al., 2018; Polyviou et al., 2019; Scholten et al., 2019).

Despite heightened interest in resilience, little is known about what people do when they
engage in organizational resilience practices, and, specifically, how managers’ individual
characteristics, as well as organizational factors, can actually affect the level of this engagement.
With this paper,we conceptualize the amendment of original order-fulfillment plans triggered by
operational disruptions as a knowledge-intensive task that requires the contribution of different
domain experts– a phenomenon that has been studied by transactivememory systems theory in
the organizational behavior field (Moreland et al., 1996; Brandon and Hollingshead, 2004; Nevo
and Wand, 2005). This conceptualization enables us to advance the study of resilience
antecedents. Transactive memory systems research demonstrated that collectives of specialists
are better at addressing complex problems when individuals (1) are mutually aware of their
expertise domain, (2) deem such expertise as credible and (3) are able to coordinate expertise
retrieval efforts (Hollingshead, 1998; Faraj and Sproull, 2000; Austin, 2003; Ren et al., 2006;Miller
et al., 2012, 2014). Building on information and knowledge sharing literature, we investigate
possible antecedents of organizational resilience practices, both at the individual and at the
organizational levels. We do so by studying antecedents to interpersonal engagement in
transactive memory systems for the amendment of original order-fulfillment plans. We inquire
the characteristics of firms and of manufacturing managers that render more likely the
engagement of dispersed organizational specialists in such organizational resilience practices.
We expect that manufacturingmanagers can influence engagement in these resilience practices
to the extent that they control a broad network of personal relations within the organization and
that they stress collaboration and cooperation in performing business activities and in making
business decisions (Hult and Nichols, 1999). We also expect that organizational factors, such as
the presence of incentives for cooperation as well as the definition of formal roles, favor the
development of transactive memory systems for organizational resilience practices.

We test our hypotheses using survey and archival data from 192 industrial equipment
manufacturers in Europe. We rely on information from the head of manufacturing to capture
the extent to which each firm is able to deploy organizational resilience practices, and on data
from the head of human resources to capture information on the hypothesized antecedents at
the level of the head of manufacturing and at the organizational level. We complement this
information with firm-level controls collected through secondary data sources. We find that
not all hypothesized antecedents have a main effect on the engagement in organizational
resilience practices, but that their interaction does. As a whole, the results of the study
enhance our understanding of the practices that individuals enact to respond to the
occurrence of adverse events that hinder the execution of original order-fulfillment plans. We
shed light on the antecedents of these practices, highlighting the existence of an interplay
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between individual and organizational factors. In this regard, our paper contributes to a
growing stream of literature that investigates the influence of interpersonal relationships and
interactions on resilience practices and capabilities (Ambulkar et al., 2016; Durach and
Machuca, 2018; Polyviou et al., 2019). It also contributes to our understanding of the role of
social capital in resilient performance (Durach and Machuca, 2018; Fan and Stevenson, 2019;
Polyviou et al., 2019) by evidencing that the level of manufacturing managers’ social capital
influences individual engagement in organizational resilience practices. Finally, from a
practical standpoint, our paper suggests which characteristics of manufacturing managers’
firms should foster to support the deployment organizational resilience practices and under
which organizational-level conditions are these characteristics effective.

The rest of the article proceeds as follows. First, we succinctly review organizational
resilience and transactive memory systems literature. Then, building on information sharing
and knowledge integration literature, we articulate six hypotheses about antecedents to the
development of transactive memory systems towards disruption recovery activities.
Afterward, we present the data collection procedure together with the measures used in
the study. Finally, we report on the findings from the statistical analysis and articulate the
implications of the study for organizational resilience research and practice.

2. Literature review and hypotheses
2.1 Organizational resilience practices as transactive memory systems
Every manufacturing firm is vulnerable to operational disruptions that hinder the execution of
original order-fulfillment plans. In order to maintain continuity of operations and achieve
adequate customer service levels, manufacturing firms must be resilient to the occurrence of
disruptions (Ambulkar et al., 2015;ParkerandAmeen, 2018; PonomarovandHolcomb, 2009).We
defineorganizational resilience practices as the set of actions thatmanufacturers engage inwhen
original plans cannot be executed and require amendment in reaction to operational disruptions.
These practices are the basic constitutive elements of manufacturers’ resilience capability
to mitigate the damaging impact of disruptions (Birkie et al., 2017; Dabhilkar et al., 2016).

Several studies have identified that maintaining operational redundancies and developing
flexible processes are key enablers of resilience practices. Maintaining redundancies such as
safety stock (Hendricks et al., 2009), slack capacity (Chopra and Sodhi, 2004; Pettit et al., 2013)
or backup suppliers (Colicchia et al., 2010) empowers manufacturers to react to changes in
customer requests, to adjust to machine breakdowns and other production disturbances or to
quickly recover from supplier delivery and quality failures. By maintaining redundancies,
manufacturers can adjust their original plans by calling on reserves if the order-fulfillment
process is disrupted. In turn, developing flexible processes grounded in a multipurpose
production infrastructure (Anand andWard, 2004), in adjustable contracting with customers,
staff, and suppliers (Tang andTomlin, 2008), or in versatile distribution channels (Tang, 2006),
facilitates smooth adaptation of plans that are no longer adequate to new order-fulfillment
requirements. However, redundancies and process flexibility are expensive and typically
imply a considerable degree of leverage over supply chain partners (Sheffi and Rice, 2005).

Other studies have highlighted specifically the criticality of collaboration and knowledge
routines for the effectiveness of resilience practices (MacDuffie, 1997; Hoopes and Postrel,
1999; Hoopes, 2001; Rauniar et al., 2008; Koufteros et al., 2010; Scholten and Schilder, 2015;
Tenhiala and Salvador, 2014; Tenhiala et al., 2018; Polyviou et al., 2019; Scholten et al., 2019).
From this perspective, adjusting original order-fulfillment plans following operational
disruptions benefits from the integration of information and knowledge resources dispersed
within the firm. In the event of operational disruptions such as manufacturability failures,
part shortages or customer change orders, integrating information and knowledge from
different internal functions enables production planners and other relevant decision-makers
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to consider market, engineering, sourcing and production parameters when adjusting
original plans. Thus, the compilation and the integration of information and knowledge
embedded in specialists from different functions render the development and implementation
of adequate amendments more likely by clarifying the disruption’s implications and
facilitating the development of effective countermeasures that do not affect the fulfillment of
other in-process orders. Resilience practices that result from interactions and relationships
among organizational actors have been discussed as underexploited (Gunasekaran et al.,
2011; Lengnick-Hall et al., 2011), yet there is empirical evidence of their effectiveness (Durach
and Machuca, 2018; Polyviou et al., 2019). What we are still missing is an understanding of
which individual and organizational characteristics influence collective engagement in this
kind of organizational resilience practices.

As little is currently known about which factors stimulate the development of resilience
practices rooted in information sharing and knowledge integration in manufacturing firms,
the present study seeks to bridge that gap by employing a transactive memory theory lens.
Transactive memory systems theory has been widely used by organizational psychologists
and teamwork researchers to explore how groups of individual specialists can effectively
share information and integrate knowledge to address a common task. The theory builds on
the observation that as individuals interact, they often acquire knowledge about the expertise
of others– for example, Mary is good at calculus, or John knows everyone’s birthday. This
knowledge is called transactive memory (Wegner, 1987); a group is said to interact through a
transactive memory system if members can recurrently procure and integrate each other’s
specialized expertise through ad hoc communication while pursuing a collective task
(Wegner, 1987; Wegner et al., 1991). In this sense, a transactive memory system comprises
specialized information and knowledge of each group member and a shared awareness of
who is specialized in what. Such systems also include codification processes that ensure that
new information entering the group will be stored by the appropriate specialist, along with
retrieval processes that enable individual members to readily access relevant information
available within the group (Lewis, 2003; Liang et al., 1995).

Employing a transactive memory systems lens allows us to study resilience practices as
emergent from the interactions and relationships among dispersed organizational specialists.
This lens has been applied to the investigation of social units engaged in knowledge-intensive
tasks, such as software development (Faraj and Sproull, 2000), consulting projects (Lewis, 2004)
or strategic decision-making (Heavey and Simsek, 2017). Conceptually, the development and
implementation of amendments to original order-fulfillment plans in reaction to disruptions is a
knowledge-intensive task, which renders this an adequate lens to investigate organizational
resilience practices. A transactive memory systems lens enables us to examine antecedents of
organizational resilience practices that connect dispersed specialists based on their shared
awareness of who is specialized in what disruption-relevant expertise. Specifically, this lens
suggests approaching this inquiry through the determinants of individual information sharing
and integration behaviors in organizational settings.

Transactive memory systems literature evidences that collectives that interact through
transactive memory systems achieve higher levels of performance in complex tasks
(Hollingshead, 1998; Faraj and Sproull, 2000; Austin, 2003; Agkun et al., 2005; Reagans et al.,
2005; Ren et al., 2006). In the present study, we contend that manufacturers that develop a
transactive memory system to amend order-fulfillment plans are more resilient to operational
disruptions. The main thrust of our inquiry is to investigate factors that influence this
development. Predictably, as the performance benefits of transactive memory systems have
been well documented, empirical studies have turned to exploring their causal
underpinnings. Existing research has identified three main antecedents to the emergence
of transactive memory systems in groups: member familiarity (Lewis, 2004; Akgun et al.,
2005; He et al., 2007), member communication frequency (Hollingshead and Brandon, 2003;
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Palazzolo et al., 2006; Kanawattanachai and Yoo, 2007) and member reciprocal
interdependence (Brandon and Hollingshead, 2004; Zhang et al., 2007). While these studies
offer important insights, these relate predominantly to contextual aspects directly inherent in
group membership. Furthermore, most of these studies have been conducted in settings of
small teams formally designed to pursuewell-defined tasks. Hence, knowledge of what drives
multiple organizational actors to interact with each other in transactive memory systems
remains incipient (Anand et al., 1998; Moreland and Argote, 2003; Peltokorpi, 2012). In
particular, little is known about what manufacturers can do to engage dispersed
organizational specialists in a transactive memory system for organizational resilience
practices. Drawing on individual information and knowledge sharing literature, we derived
hypotheses regarding the motivation and ability of organizational specialists to interact
through a transactive memory system in amending order-fulfillment plans.

2.2 Individual-level antecedents of organizational resilience practices
Even though our understanding of organizational transactive memory systems is in its
infancy, several studies have examined the antecedents of information sharing and
knowledge integration behaviors in organizational settings (e.g. Argote et al., 2003; Siemsen
et al., 2008). The development of organizational transactive memory systems largely depends
on individuals sharing information that increasingly reveals their respective areas of
specialization and then integrating that information in designing knowledge-based responses
to operational incidents. To explain how co-workers provide, elicit and compile knowledge,
information sharing and knowledge integration literature takes account of the factors
underpinning their ability to do so, their motivation to do so and opportunities afforded by
contextual features beyond their control. Adopting this logic, we propose that the
development of a transactive memory system to implement amended order-fulfillment
plans is a function of factors that influence organizational actors’ ability and motivation to
procure relevant information from internal specialists and to integrate that specialized
knowledge following the opportunity afforded by the occurrence of an operational disruption.
Motivation to engage in disruption-related information sharing and knowledge integration
refers to an individual’s willingness to communicate with co-workers in the context of
disruption management activities (Borgatti and Cross, 2003; Boudreau et al., 2003). The
ability to engage in disruption-related information sharing and knowledge integration refers
to co-workers’ capacity to transfer or receive relevant knowledge (Rothschild, 1999).

The present study focuses on the impact of heads of manufacturing (i.e. individuals
running a production or manufacturing department) on the motivation and ability of
dispersed organizational specialists to interact as a transactive memory system in
amending order-fulfillment plans. There is evidence that leaders play an important role in
encouraging the cooperative behaviors necessary for information sharing and knowledge
integration (Zaccaro et al., 2002; Day et al., 2004; Srivastava et al., 2006; Sarin and O’Connor,
2009; Zhang et al., 2011). Here, we look specifically at the position of the departmental head
because social network analyses suggest that these individuals facilitate formal and
informal interactions among disparate organizational actors (Ambrecht et al., 2001; Garner,
2006; Jackson, 2012). Furthermore, transactive memory systems literature suggests that
individuals in leadership positions may act as catalysts in the development and
functioning of transactive memory systems in contexts beyond those of small teams
(Mell et al., 2014; Walsh and Ungson, 1991). We focus specifically on the head of
manufacturing position because it occupies a pivotal role in manufacturing firms, with
close ties to procurement, engineering and sales. Moreover, most adjustments to original
plans are triggered by disruptions in production-related activities. As a result, heads of
manufacturing not only have frequent opportunities to connect to disparate organizational
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specialists but also play a crucial role in assessing the implications of operational
disruptions and setting in motion efforts to address them.

Regarding motivation, we examined the extent to which the head of manufacturing’s
teamwork orientation influences the engagement of organizational specialists in information
sharing and knowledge integration behaviors, where teamwork orientation reflects an
individual’s propensity for stressing collaboration and cooperation for the performance of
organizational activities and decision-making (Eby and Dobbins, 1997). Heads of
manufacturing with high teamwork orientation value collective rather than discrete gains
(Moorman and Blakely, 1995) and are more motivated by shared rather than individual goals
(Wilmot and Hocker, 2001). We anticipated that heads of manufacturing with high teamwork
orientation would stimulate and inspire organizational specialists to procure and integrate
information in amending order-fulfillment plans (Peltokorpi and Manka, 2008; Nevo et al.,
2012), and that they would promote the advantages of collaborative problem solving and
arbitrate any conflicts arising during disruption recovery activities. We further anticipated
that this type of manager would be able to curtail the opportunistic individual behaviors that
often hamper collective action (Williamson, 1991; Sitkin, 1992; Agkun et al., 2005; Rau, 2006;
Koufteros et al., 2010; Hood et al., 2014), instead promoting a culture of interpersonal
cooperation. In this way, heads of manufacturing with a high teamwork orientation could
motivate co-workers to interact through a transactive memory system when engaged in
organizational resilience practices.

H1. A higher level of head of manufacturing teamwork orientation is associated with a
more developed organizational transactive memory system for the amendment of
order-fulfillment plans.

In terms of ability, we investigated whether a head of manufacturing’s level of organizational
connectedness influences the extent to which manufacturers deploy a transactive memory
system as organizational resilience practice. Organizational connectedness refers to
managers’ network of personal contacts inside the organization, regardless of hierarchical
position or departmental affiliation (Jaworski and Kohli, 1993). It refers both to the size of the
network, in terms of total number of contacts, and to its density, in terms of number of
contacts relative to all possible contacts one could have. In this sense, highly connected
individuals not only have a lot of contacts but also knowmost people in the firm. Thus, highly
connected individuals will have repeated opportunities to develop transactive memory about
the expertise domain of dispersed organizational actors (Jansen et al., 2006, 2009). Highly
connected individuals are also better able to retrieve requisite information and knowledge
resources from organizational actors with differing expertise and multiple functional
membership (Galbraith, 1973; Hansen, 2005; Tsai, 2002). These two characteristics enable
highly connected heads of manufacturing to act as intermediaries between information
seekers and providers when adjusting original order-fulfillment plans. Highly connected
heads of manufacturing also engender intimacy and trust among dispersed organizational
specialists (Rindfleisch and Moorman, 2001; Adler and Kwon, 2002), so reducing the
occurrence of interpersonal conflicts when resilience practices are being deployed. For these
reasons, we would expect highly connected heads of manufacturing to strengthen the ability
of individual organizational specialists to access and share functionally dispersed
information and to integrate their specialized knowledge for joint amendment of plans.
This ability underpins the development of a collective transactive memory system for
organizational resilience practices.

H2. A higher level of head of manufacturing organizational connectedness is associated
with a more developed organizational transactive memory system for the
amendment of order-fulfillment plans.
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2.3 Firm-level antecedents of organizational resilience practices
Conveying information about one’s expertise and making it available upon request involves
costs that must be outweighed by expected benefits (Argote et al., 2003; Borgati and Cross,
2003; Alewell andMartin, 2006). In fact, the motivation to cooperate within organizations can
be hindered by a combination of knowledge hoarding (Gilmour, 2003), inter-functional rivalry
(Maltz and Kohli, 1996; Ruyter and Wetzels, 2000) and lack of perceived interdependence
(McCann and Ferry, 1979; Tjosvold, 1986). Specifically, knowledge sharing behaviors are less
likely in the absence of financial (Menon and Pfeffer, 2003) or social (Hargadon and Sutton,
1997; Uzzi, 1997) rewards. Organizational actors require incentives to counteract these
tendencies and act in a cooperative manner (Siemsen et al., 2007; Wageman and Baker, 1997).
Furthermore, the need to engage in organizational resilience practices following the
occurrence of operational disruptions puts organizational specialists under pressure, which
may restrict information search (Staw et al., 1981), information sharing (Moser, 1988) and
willingness to interact with others (Cohen, 1980). We expect that manufacturers able to
reward cooperative behaviors are more likely to have organizational specialists sharing
information and integrating knowledge for the purposes of plan amendment. Thus, we define
cooperation incentives as the extent to which individual rewards and compensation are tied
to firmperformance.We expect that the extent towhichmanufacturers employ compensation
systems that reward overall goal attainment over individual or departmental targets has a
positive influence on the motivation of organizational actors to interact through a transactive
memory system during disruption recovery activities. By designing reward structures that
incentivize cooperation, firms engender perceptions of interdependence among
organizational actors (Dovidio and Morris, 1975; Batson et al., 1979). If individuals are
compensated by how well the organization performs, they are more likely to look for and to
offer advice during disruption recovery activities. In particular, we expect the existence of
cooperation incentives to have a positive influence on the motivation of organizational
specialists to interact through a transactive memory system for organizational resilience
practices.

H3. A higher level of cooperation incentives is associated with a more
developed organizational transactive memory system for the amendment of
order-fulfillment plans.

In groups with few individual members, it is relatively easy to match expertise domains with
specific individuals. In larger groups, such as organizations, there aremany experts to keep in
mind and much of their expertise is highly differentiated. In this sense, it is difficult to
establish who is an expert in what (Anand et al., 1998; Nevo et al., 2012) – a difficulty that
likely intensifies under the time pressures created by the occurrence of disruptions
(Majchrzak and Jarvenpaa, 2007). In order to overcome this difficulty, organizations can
foster role identification practices – interpersonal interactions focused on establishing
individual roles and skills – to enable organizational actors to share information about their
specialized expertise and to learn about the specialized expertise of others (Kozlowski et al.,
1999; Pearsal et al., 2010). One of these practices is role formalization. Role formalization refers
to the extent to which formal role definitions, job descriptions and organizational charts
assign specific responsibilities to specific individuals within the organization. More detailed
and codified job titles, descriptions and organizational charts boost the ability of dispersed
organizational actors to mutually identify what sort of expertise they possess (Lewis et al.,
2005; Bechky, 2006). Hence, we expect that the engagement in resilience practices rooted in
information sharing and knowledge integration would benefit from high levels of role
formalization. The ability to identify co-workers as “Quality Assurance Technician 3,” “HGV
Driver cat-2,” “Energy Specialist” or an accountmanager for a particular geographical region,
for example, clarifies who can be expected to possess knowledge on what and what their

Organizational
resilience
practices

1537



usefulness might be in the context of particular disruptions. Because role formalization
enhances clarity regarding everyone’s responsibilities and capabilities, it enables dispersed
specialists to construct a mental map of expertise distribution, which can be activated every
time access to disruption-relevant information is required. Hence, role formalization fosters
the ability of organizational specialists to interact through a transactive memory system for
organizational resilience practices.

H4. A higher level of role formalization is associated with a more developed
organizational transactive memory system for the amendment of order-
fulfillment plans.

2.4 Interplay of individual- and firm-level antecedents of organizational resilience practices
In examining individual- and firm-level antecedents of organizational resilience practices
separately, interaction effects should not be overlooked. For example, compensation policies
or role formalization may affect the sphere of influence and effectiveness of individual
managers (Felin et al., 2015). Hence, we propose that the impact of head of manufacturing’s
teamwork orientation and organizational connectedness is contingent on the level of
cooperation incentives and role formalization, respectively.

We would expect that the relationship between head of manufacturing teamwork
orientation and the extent to which organizational actors interact through a transactive
memory system is partially dependent on the extent to which manufacturers’ compensation
systems reward overall goal attainment. The success withwhich heads of manufacturing can
advocate for the benefits of teamwork and inspire organizational specialists to procure and
exchange information for organizational resilience practices is more likely in the presence of
compensation systems that incentivize cooperation and privilege overall goal attainment.
Moreover, the curtailment of opportunistic individual behaviors and the arbitration of
potential interpersonal conflicts are less complicated if compensation is tied to firm
performance. Specifically, we would expect that the effectiveness with which heads of
manufacturing motivate colleagues to share information and integrate knowledge is
strengthened by reward structures that induce interdependence and a sense of shared
purpose within the organization.

H5. Cooperation incentives moderate the relationship between head of manufacturing
teamwork orientation and level of development of organizational transactive
memory systems for amending plans, such that the relationship is strengthened by
greater cooperation incentives.

We also would expect that the extent to which manufacturers formalize internal roles will
impact the relationship between head of manufacturing organizational connectedness and
the extent to which organizational specialists interact through a transactive memory system
for organizational resilience practices. The ability of highly connected heads of
manufacturing to develop transactive memory about the expertise domain of dispersed
organizational specialists and to efficiently retrieve disruption-relevant information is
amplified in the presence of a mental map of everyone’s responsibilities and capabilities.
Specifically, we would expect that the head of manufacturing’s ability to use a network of
personal contacts to facilitate information seekers and providers in amending plans will be
strengthened if job positions are well defined and roles can be quickly identified on the
organizational chart.

H6. Role formalization moderates the relationship between head of manufacturing
organizational connectedness and the level of development of organizational
transactive memory systems for amending plans, such that the relationship is
strengthened by a higher level of role formalization.
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Figure 1 presents a graphical depiction of our research model.

3. Methods
3.1 Sample and data collection
We tested our model on a cross-sectional sample of European industrial equipment
manufacturers. This is a disruption-prone setting (Anders et al., 2011; Salvador et al., 2014),
making it an ideal context for studying organizational resilience practices. We collected
secondary information from medium-sized manufacturers in Spain and Italy, with primary
two-digit SIC codes 34, 35 and 36 and secondary code 35. Italy is Europe’s second largest
producer of industrial equipment, and Spain is the fifth largest. According to Eurostat data,
these two countries together account for 25% of overall European output in the industry and
for 20% of total employment. We focused on medium-sized firms, because even though they
are a critical part of several major economies, there is a shortage of studies examining
resilience practices in these contexts (Polyviou et al., 2019). Furthermore, small firms tend to
face very specific operational challenges, have very fluid functional configurations and
experience more employee turnover, whereas large firms are too functionally and
geographically distributed. We considered these characteristics undesirable to engage in
the first study of the antecedents of resilience practices based on interactions and
relationships among organizational actors. Thus, in accordance with the European Union
definition (European Commission, 2015), we limited the sample to manufacturers having
between 50 and 250 employees. Table 1 breaks down the sample’s demographic profile.

Using the Orbis database, we identified 687 firms in Spain and 667 in Italy. Primary data
were collected from four surveys sent to each of the 1,354 firms, customized for the heads of
sales, design/engineering, manufacturing and human resources. We received complete
responses (i.e. four completed surveys) from 60 companies in Italy and from 132 in Spain,
totaling 768 individual respondents. The response rates (9% and 19%, respectively)
were typical of survey response rates in the field of operations and supply chainmanagement
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(e.g. Braunscheidel and Suresh, 2009; Kristal et al., 2010). The variables examined in the
present study are based on data provided by the heads of manufacturing and by the heads of
human resources of the 192 firms that compose our sample.

3.2 Non-response bias and common method variance
Non-response bias. We investigated the extent of non-response bias in three ways. First, we
contacted all 1, 354 firms and inquired all firms about reasons for non-participation; we
learned that the main issue was lack of time. Second, we compared the demographics and
financial performance of participating and non-participating firms. Independent sample
t-tests failed to detect significant differences between the two populations in terms of number
of employees (p 5 0.23), profits (p 5 0.59) and operating revenues (p 5 0.19). Finally, on
comparing responses from early and late respondents (Armstrong and Overton, 1977), these
t-tests also failed to reveal any statistically significant differences (p > 0.10) between the two
groups, reducing concerns about non-response bias.

Common method variance (CMV). Following Podsakoff et al. (2003), we implemented
procedural remedies for CMV by distributing dependent and independent variables across
the two informants. Additionally, we conducted a latent factor test to assess the extent of
CMV. This test introduces a structural model that combines all constructs with a latent
method factor on which all measurement items load. We then compared the results of this
model to one without the method factor. A comparison of the results showed no loss of
significance in item loadings due to the presence of the latent method factor, indicating that
CMV was not a serious problem (Podsakoff et al., 2003).

3.3 Measures, validity and reliability
Dependent variable. The dependent variable was the extent to which organizational actors
interact through a transactive memory system for amendment of order-fulfillment plans
(TMS). According to the relevant literature, organizational actors can be said to interact
through a transactive memory system if (1) they exhibit mutual awareness of each other’s
areas of specialization, (2) they confer credibility on each other’s specialized knowledge and (3)
they achieve coordination in retrieving required information (Liang et al., 1995; Lewis, 2003).
We adapted Lewis’s (2003) survey instrument to measure the level of development of
manufacturers’ transactive memory system for the amendment of order-fulfillment plans.
This measurement scale has been used in most field research that assesses the development
of transactive memory systems (for recent reviews, see Ren and Argote, 2011; Bachrach et al.,
2019) and measures the variable of interest as a second-order latent factor reflecting
specialization, credibility and coordination. We adapted the scale to reflect our focus on
operational disruptions and organizational resilience practices. Furthermore, we adapted the
scale to the context of industrial equipment manufacturing and asked informants to consider
operational situations in which original manufacturing plans cannot be executed, which
covers their most common disruptions. Details of the survey items, loadings and reliability
metrics are shown in Table 2; the respondents were heads of manufacturing.

Independent variables. The present study employed four independent variables: two for the
effects of head of manufacturing personal characteristics and two for firm-level antecedents. To
measure head of manufacturing’s teamwork orientation (TO), we adapted items from existing
scales. The rationale for combining items from different scales was to address the full content
domain of teamwork in organizational contexts. Thus, we adapted two items (TO1 and TO2)
from Tangpong et al. (2010), one item (TO3) from Zacharia et al. (2011) and one item (TO4) from
Kirkman and Shapiro (2000). Organizational connectedness (OC) captures the extent to which
heads of manufacturing have personal contact with organizational actors across different
departments and hierarchical levels. We operationalized this variable using a four-item scale
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Item Mean SD Load t-value AVE CR Cronbach’s α

Teamwork Orientation 3.6 0.53 0.70 0.94 0.72
TO1- The head of manufacturing enjoys
activities that involve a high level of
cooperation

0.86 9.47

TO2- The heads of manufacturing prefers to
work independently more often than in a
groupa

0.94 25.77

TO3- The heads of manufacturing regularly
identifies opportunities to collaborate with
colleagues

0.76 7.32

TO4- The heads of manufacturing favors being
rewarded for individual rather than
organizational performancea

0.78 9.02

Organizational Connectedness 4.1 0.71 0.82 0.95 0.85
OC1- There are many opportunities for the
heads of manufacturing to talk to individuals
from all kinds of different organizational units

0.82 8.92

OC2- The heads of manufacturing has very
frequent contact with people, regardless of rank
or position

0.99 36.62

OC3- The personal network the heads of
manufacturing has throughout the
organization can be called “extensive.”

0.84 9.23

OC4- The heads of manufacturing is very
comfortable calling others, regardless of rank,
position or organizational unit, when the need
arises

0.95 19.17

Cooperation Incentives 3.8 0.74 0.52 0.86 0.79
CI1- Individual work goals come directly from
the goals of the company

0.66 10.02

CI2- Individual work activities in any given day
are determined by the company’s goals
for that day

0.69 10.84

CI3- Individuals do very few activities on the job
that are not directed to the goals of the company

0.71 5.32

CI4- Feedback about how individuals are doing
comes primarily from information about how
well the entire company is doing

0.80 10.96

CI5- Individual performance evaluation is
strongly influenced by how well the
organization performs

0.79 12.04

CI6- Many rewards for individual jobs (e.g. pay,
Promotion, etc.) are determined in large part by
their contribution as organizational members

0.64 9.5

Role Formalization 4.1 0.81 0.69 0.87 0.81
RF1- Formal job descriptions aremaintained for
occupation groups and job types

0.69 11.12

RF2- Reporting relationships are formally
defined

0.97 25.84

RF3- Lines of authority are specified in formal
organizational charts

0.80 14.14

Task Interdependence 4.1 0.62 0.52 0.84 0.73
TI1- Employees work closely with one another
in doing their work

0.66 8.39

(continued )

Table 2.
Descriptives and
measurement
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Item Mean SD Load t-value AVE CR Cronbach’s α

TI2- Employees frequently must coordinate
their efforts with one another

0.76 11.77

TI3- Employee performance is dependent on
receiving accurate information from one
another

0.66 12.85

TI4- The way employees perform their job has a
significant impact on one another

0.71 9.29

TI5- Employees’ work requires them to consult
with one another fairly frequently

0.79 14.9

Transactive Memory System 3.8 0.53 0.66 0.85 0.70
During situations in which the original
manufacturing plans cannot be executed
(due to technical problems, changes in customer
requests, etc.) in your company
Specialization 0.72 8.89 0.50 0.77 0.70
S1- The specialized knowledge of several
different departments is needed

0.65 10.85

S2- Each department has specialized knowledge
of some relevant aspect to perform these
activities

0.76 12.52

S3- Manufacturing personnel has knowledge
that no other department has

– –

S4- Different departments are responsible for
expertise in different aspects

0.65 7.80

S5- Manufacturing personnel know which
departments have expertise in specific areas

0.67 6.35

Credibility 0.91 15.14 0.66 0.85 0.85
CR1- Manufacturing personnel are comfortable
accepting procedural suggestions from other
departments

0.71 16.63

CR2- Manufacturing personnel trust that other
departments’ knowledge is credible

0.89 27.27

CR3- Manufacturing personnel are confident in
relying on the information that other
departments bring to discussion

0.83 23.22

CR4-When other departments give information,
manufacturing personnel double-checks ita

– –

CR5- Manufacturing personnel do not have
much faith in other departments’ expertisea

– –

Coordination 0.79 9.68 0.52 0.76 0.73
CO1- People from several areas works together
in a well-coordinated fashion

0.87 7.93

CO2- People from several areas have very few
misunderstandings about what to do

0.64 5.60

CO3- People from several areas have to
backtrack and start over a lota

– –

CO4- People from several areas accomplish
these activities smoothly and efficiently

0.63 6.35

CO5- There is much confusion about how to
accomplish these activitiesa

– –

Note(s): Number of observations: 192; SD 5 standard deviation; AVE 5 average variance extracted;
CR5 composite reliability; a5 reverse coded; all itemsmeasured on a five-point scale (15 “strongly disagree”
to 5 5 “strongly agree”) Table 2.
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based on Jansen et al. (2006) and Mom et al. (2009). OC and TO were both measured on five-
point Likert scales. In both cases, the respondents were heads of human resources, because
we aimed to circumvent social desirability bias. Given that TO and OC are typically
perceived as positive characteristics, asking heads of manufacturing to self-report could
generate the desire to project a favorable image toward the research team (Donaldson and
Grant-Vallone, 2002; Fisher, 1993).

Regarding the two firm-level variables, we operationalized cooperative incentives (CI) by
combining and adapting Campion et al.’s (1993) two three-item scales, measuring goal and
reward interdependence. Cooperation incentives capture the extent to which individual
employees’ goals and rewards depend on overall firm performance. This domain content
matches Campion’s conceptualization of goal interdependence as the extent to which
individual goals are dependent on group goals and reward interdependence as the extent to
which individual rewards are tied to group performance. The other firm-level variable was
role formalization (RF), referring to the extent to which job descriptions and reporting
relationships were formally defined. We operationalized this variable using Patel’s (2011)
three-item scale. Both CI and RF were measured on five-point Likert scales; again, the
respondents were heads of human resources.

Control variables. We controlled for task interdependence (TI), understood here as the
extent to which individual organizational actors must rely on others to complete their tasks.
Greater task interdependence increases the incentive to interact through a transactive
memory system and has been identified as one of the main drivers of transactive memory
system development (Wegner et al., 1985; Brandon and Hollingshead, 2004; Hollingshead,
2001; Zhang et al., 2007). To measure TI, we used Pearce and Gregersen’s (1991) five-item
scale to ask heads of human resources about the extent to which the work of three
departmental heads (sales, engineering, Mmanufacturing) was dependent on the inputs of
others.

Longer tenuremeans thatmanagers have hadmore opportunities to develop relationships
with colleagues and to learn about who knows what. Moreover, managers with experience of
working in multiple departments have had more opportunities to develop relationships
across organizational functions. For that reason, we controlled for head of manufacturing’s
cross-functional experience (CFE) – that is, the extent to which they had worked in other
departments – and for tenure (TEN) within the firm.We operationalized CFE by asking these
managers to enumerate all departments in which they had worked during their time with the
firm. We operationalized TEN by asking how many years they had been active in the
organization.

We also controlled for firm age (Age), measured as years since founding. As older firms
have had longer to learn from experience (Argote, 1999; Levitt and March, 1988), they are
more likely to interact as a transactive memory system.We also controlled for firm size (Size),
operationalized as the number of employees active in the firm. Both Age and Size data were
retrieved from the Orbis database. Finally, in order to isolate country- and industry-specific
effects, we also included dummy variables to account for unobservable heterogeneity due to
these factors.

Measurement validation. Confirmatory factor analysis (CFA) was implemented using
MPlus (version 6) to assess operationalization measurement properties (see results in
Table 1). We used average variance extracted (AVE) and composite reliability statistics to
assess reliability (Williams et al., 2003). As all AVE values are equal to or above 0.5, and all
composite reliability values are equal to or above 0.7, scale reliability can be considered
adequate (Fornell and Larcker, 1981). AVE values also suggest that most of the item variance
is accounted for by the constructs, indicating convergent validity; this is further supported by
the fact that all are statistically significant (Anderson and Gerbing, 1988). To assess
discriminant validity, we compared each construct’s AVE values with the squared
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correlations of the corresponding pairs. The AVE values for all constructs are larger than the
squared correlations, providing statistical support for the constructs’ discriminant validity
(Bagozzi, 1994).

4. Findings
4.1 Analytical approach
Table 3 presents correlations and significance levels. We tested the six hypotheses using
hierarchical ordinary least squares regression. For the purpose of testing H5 and H6, we
created two interaction terms by multiplying TO with CI (H5) and OC with RF (H6). Visual
inspection of the residual plot shows that the variance of the residuals is not constant across
the values of the independent variables. For that reason, we estimated the three models using
White-Huber estimators to correct for heteroscedasticity. Table 3 presents the results from
our analysis. Model 1 introduces the control variables only; model 2 adds the independent
variables related to the head of manufacturing’s personal characteristics, whereas model 3
adds the firm-level antecedents. Finally, model 4 enters interaction terms. Variance inflation
factors for models 1, 2 and 3 are well below 2; model 4 exhibits high variance inflation factors
for the interaction terms, but this is not indicative of amulticollinearity problem (Disatnik and
Sivan, 2016; McClelland et al., 2017).

4.2 Results
Four control variables exhibit a significant relationship with the dependent variable. As
expected, Age and TI had a positive influence on the extent to which organizational actors
interact through a transactive memory system for amendment of order-fulfillment plans.
However, contrary to our expectation, CFEwas negatively related to this dependent variable.
In model 2, testing hypotheses 1 and 2, the coefficient for TO was not significant; this means
there is no support for H1. As coefficient OC was positive and significant (βOC 5 0.16,
p 5 0.03), H2 is supported. Model 3, which tests hypotheses 3 and 4, shows that the
coefficients for the firm-level antecedents, CI and RF, are also significant and of the expected
sign. Hence, H3 and H4 are also supported. Model 4 tested the hypothesized interactive
effects; as the multiplicative term TOxCI is indeed significant (p 5 0.01), but not with the
predicted sign (βToxCI 5 �1.17), the results suggest a substitutive effect between TO and CI
rather than the hypothesized synergistic effect. In this sense, H5 is not supported. Finally,
model 3 confirms the interaction effect articulated in H6, but only at the 10% significance
level (p5 0.08). To assist interpretation, both interaction effects are plotted in Figures 2 and 3.

5. Discussion
Although it is well established that organizational resilience practices are important
(Craighead et al., 2007; Hendricks et al., 2009; Tenhiala and Salvador, 2014; Scholten et al.,
2019), little is currently known about the drivers that underpin their development and
deployment (Wieland andWallenburg, 2013). Employing a transactive memory systems lens
allows us to study antecedents of organizational resilience practices that emerge from the
interactions and relationships among dispersed individuals and are based on their shared
awareness of who is specialized in what disruption-relevant expertise. We examine the
relationship among two personal characteristics of heads of manufacturing, two firm-level
attributes and the extent to which dispersed organizational specialists engage in
organizational transactive memory systems for the amendment of original order-
fulfillment plans. Our contribution to organizational resilience literature indicates that
while heads of manufacturing organizational connectedness positively influences the extent
to which organizational specialists interact through a transactive memory system during
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disruption recovery activities, teamwork orientation has no direct influence. Moreover, our
findings evidence that the existence of cooperation incentives and role formalization
positively relate to organizational transactive memory systems for amendment of plans. Our
moderation analysis reveals that teamwork orientation positively and significantly
influences the level of development of transactive memory systems only when there are no
cooperation incentives in place. The analysis also confirms that organizational connectedness
and role formalization have a synergistic effect, although this is only significant at the
10% level.

5.1 Research contributions
Organizational resilience research highlights the relevance of integrating information and
expertise from different organizational actors in devising adjustments to original order-
fulfillment plans to minimize the impact of operational disruptions on manufacturing firms’

Figure 2.
Interaction between

cooperation incentives
and teamwork

orientation of heads of
manufacturing on

transactive memory
system for amendment

of plans

Figure 3.
Interaction between

role formalization and
organizational

connectedness of heads
of manufacturing on
transactive memory

system for amendment
of plans
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performance (Hoopes and Postrel, 1999; Rauniar et al., 2008; Koufteros et al., 2010; Tenhiala
and Salvador, 2014; Polyviou et al., 2019; Scholten et al., 2019), but understanding of the
enablers of such integration remains underdeveloped. There is also a growing recognition
that individuals and the interpersonal level play a considerable role in manufacturers’
resilience capability (Ambulkar et al., 2016; Durach and Machuca, 2018; Gunasekaran et al.,
2011; Lengnick-Hall et al., 2011; Polyviou et al., 2019). However, we still do not know what
influences the extent to which dispersed organizational specialists engage in the resilience
practices that build such a capability. Our findings contribute to the literature by illuminating
the antecedents of individual engagement in collective efforts to amend order-fulfillment
plans in reaction to operational disruptions. The primary insight is that individuals in
managerial positions can have a strong impact in the development of resilience practices
rooted in interpersonal information sharing and knowledge integration. This lends empirical
support to the notion that core employees can exert a critical influence on an organization’s
capacity for resilience (Lengnick-Hall et al., 2011; Linnenluecke, 2017). Furthermore, we
complement prior studies that have linked the characteristics of individual managers to
individual-level resilience practices (Ambulkar et al., 2016) and the characteristics of direct
interpersonal relationships to organizational resilience practices (Polyviou et al., 2019; Durach
and Machuca, 2018). Our study links the characteristics of individual managers to
organizational resilience practices.

Our findings also evidence that manufacturers can develop their resilience practices
through the design of reward schemes that incentivize interpersonal cooperation and
through the implementation of formal job descriptions with clear reporting relationships.
These results constitute a step toward better understanding of how manufacturers can
improve their capability to mitigate the impact of operational disruptions. These are
important in that they provide firms with operative policies that may enhance their ability
to cope with unforeseen disruptions above and beyond the generic prescriptions of
collaboration, agility and visibility put forth by existing resilience literature (Christopher
and Peck, 2004; J€uttner and Maklan, 2011; Wieland and Wallenburg, 2013; Scholten et al.,
2019). Fundamentally, our findings suggest that, even though transactive memory
systems for plan adjustment are ultimately rooted in individual relationships and inter-

Variables Model 1 Model 2 Model 3 Model 4

Age 0.21*** 0.20*** 0.19*** 0.20***
Size 0.02 0.04 0.06 0.02
Country �0.27*** �0.26 �0.16* �0.13
SIC34 �0.07 �0.06 �0.05 �0.03
SIC36 0.06 0.07 0.08 0.12*
SIC35s 0.02 0.02 �0.01 �0.01
TI 0.32*** 0.26*** 0.15** 0.16**
CFE �0.16** �0.18** �0.17** �0.19**
TEN 0.10 0.10 0.08 0.09
TO �0.03 �0.05 0.72**
OC 0.16** 0.15** �0.26
CI 0.26*** 1.02***
RF 0.15** �0.31
TO 3 CI �1.17**
OC 3 RF 0.67*
R2 0.24 0.25 0.36 0.38
F 6.27 5.17 11.61 3.47
ΔR2 0.01** 0.11*** 0.02**

Note(s): DV – Transactive memory system; standardized βs; *p < 0.10, **p < 0.05, ***p < 0.01

Table 4.
Results of hierarchical
regression analysis
(White-Huber
estimators)
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personal interactions, manufacturers are able to influence the dynamics of those
relationships and interactions.

In addition, our findings show that managerial influence on resilience practices does not
operate in a void, and that firm policies can affect the relationship between managers’
personal characteristics and the development of resilience practices. The unexpected finding
that teamwork orientation is significant only for very low levels of cooperation incentives
suggests that individual and organization-level motivational factors are substitutive rather
than complementary in the context of organizational resilience practices. The economics
literature on incentives offers one possible explanation for this finding: that extrinsic
incentives often reduce the impact of intrinsic motivation on employee effort (Gneezy and
Rustichini, 2000; Frey and Jegen, 2001). In any case, the results confirm that firm capabilities
are formed through the interplay between contextual elements of organizational structure
and the personal characteristics of individual managers (Salvato and Rerup, 2011; Felin et al.,
2012). The fact that role formalization strengthens the influence of the heads of
manufacturing’s network of contacts on the extent to which organizational actors interact
through a transactive memory system for amendment of order-fulfillment plans
substantiates this view for the case of resilience capabilities.

Finally, our findings complement recent research on the role of social capital in resilient
performance (Durach and Machuca, 2018; Fan and Stevenson, 2019; Polyviou et al., 2019). In
particular, we offer quantitative empirical evidence that managerial social capital enhances
individual engagement in organizational resilience practices. In this sense, our findings
support the extension of organizational resilience research beyond structural remedies
involving redundancies and flexibility toward the complexity of interpersonal relationships
in networks for information sharing and knowledge integration.

5.2 Practical contributions
Our findings also have some important implications for managerial practice, and especially
for manufacturers seeking to improve their ability to cope with unforeseen operational
disturbances in disruption-prone environments. The results clearly show that appointing
heads of manufacturing who are highly networked within the organization can facilitate the
engagement of dispersed specialists in information sharing and knowledge integration
practices in reaction to disruptions. This suggests that firms should appoint internal
candidates with long firm tenure because they are more likely to have high levels of the
necessary firm-specific social capital (Fang et al., 2011). Our results also indicate that this
approach can be implemented more effectively by formalizing job roles in organizational
charts and other relevant documents. More detailed formal job descriptions and reporting
relationships enable heads of manufacturing to link information seekers and providers more
effectively.

Our findings also suggest that manufacturers should take note of the substitutive effect of
intrinsic and extrinsic motivational factors in relation to information sharing and knowledge
integration for resilience practices. If the organization’s compensation systems already
reward cooperative behavior, there is no reason to appoint heads of manufacturing with high
teamwork orientation (and vice versa).

6. Conclusion, limitations and future research opportunities
To minimize the impact of unforeseen operational disruptions on performance,
manufacturers need to develop and implement adequate amendments to order-fulfillment
plans, ensuring that organizational actors can access and integrate dispersed information
and knowledge. This study investigated individual- and firm-level enablers of organizational
resilience by examining how the personal characteristics of heads of manufacturing together
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with two organizational policies influence the extent to which organizational actors interact
through transactive memory systems for disruption recovery activities. We found that heads
of manufacturing with an extensive network of contacts within the organization can
positively influence the development of such systems, and that this effect is stronger in firms
with a high level of role formalization. We also found that heads of manufacturing’s
teamwork orientation influences the development of organizational transactive memory
systems only when no formal cooperation incentives are in place. Furthermore, we found that
cooperation incentives and role formalization directly impact the development of
organizational transactive memory systems for organizational resilience practices.

The study has several limitations. In particular, measurement of organizational
transactive memory systems depended on a single informant (heads of manufacturing).
While our knowledge of the manufacturing industry supports the use of heads of
manufacturing, sampling a range of organizational actors to measure the level of
development of transactive memory systems would undoubtedly increase precision.
Another limitation of the study is its cross-sectional design, which precludes strict
inference of any causal relationship between independent and dependent variables.
Additionally, as our sample was restricted to medium-sized firms, small and large firms
must be further investigated to ensure generalizability. Large firms are of particular interest
because it is reasonable to suppose that interacting through a transactive memory system
becomes more difficult as the number of organizational actors increases. Future studies
should explore whether our findings are replicable in larger firms.

As the development of organizational transactive memory systems requires the
participation of organizational actors dispersed across multiple functions, future research
should also investigate the influence of department leaders other than heads of
manufacturing. This would significantly advance our understanding of how best to
develop disruption recovery practices rooted in information sharing and knowledge
integration by clarifying how the personal characteristics of other heads of department
contribute to such development. Finally, it seems worthwhile to explore the antecedents of
transactive memory systems among different organizations in the same supply chain. The
close integration between buyers and suppliers that characterizes much of contemporary
manufacturing affords frequent opportunities for interaction among employees of different
firms, creating the conditions for the emergence of transactive memory systems. For that
reason, future research should examine the extent to which transactive memory systems
develop among individuals employed in different firms, along with the underlying drivers of
that development.
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