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Developing resilient supply chains: Lessons from High-

Reliability Organisations 
 

 

Abstract 

Purpose: The purpose of this study is to identify the prescribed formative elements of supply chain 

resilience (SCR) in literature, to compare them with the unique characteristics of High Reliability 

Organisations (HROs) and derive lessons useful for improving SCR. 

Design/methodology/approach: Two systematic literature reviews are carried out; one on SCR and 

the other on HRO which identified 107 studies and 18 papers respectively. The results from the review 

are presented, analysed and synthesised. 

Findings: Findings suggest that, despite significant similarities in some of the proposed formative 

elements for SCR and the characteristics of HROs, the strong managerial commitment exhibited in 

HROs is absent in SCR literature. More importantly, the most cited characteristic of HROs – which is 

their flexible decision-making structure – is pointed out as a prima lesson towards developing 

resilience in supply chains. 

Practical implications: A decision-making framework to facilitate flexible decision making for supply 

chains during crisis is presented. Further, practical lessons are pointed out from principles common to 

both streams of literature such as redundancy, human resource management, collaboration, agility, 

flexibility, culture and risk avoidance that can be implemented in supply chains. 

Originality/value: This paper is the first study to systematically review HROs, adapt a HRO decision-

making framework and also apply the Cynefin framework to SCR. This therefore provides the basis to 

launch further research into the use of these theories and the role of decision making in SCR creation. 

Keywords: Supply chain resilience, supply chain risks, high reliability organisations, decision making, 

resilience, Cynefin 

Article Classification: Literature Review



 

 

Introduction 

The repetitive and exigent pressure arising from globalisation, increased outsourcing, competition and 

continuous changes in the dynamics of the market has made companies to identify and incorporate 

supply chain management as a critical component towards the attainment of sustainable competitive 

advantage (Lee, 2002). The subsequent benefits gleaned from the application of supply chain 

management principles are widely captured in literature and research (Oke and Gopalakrishnan, 

2009).  

However, these changes together with the effects of many unexpected occurrences have exposed 

organisational supply chains to higher levels of vulnerability than ever before – even more so because 

of the global nature of today's supply chains as well as higher inter-organisational dependence 

(Norrman and Jansson, 2004; Sheffi, 2005b; Wagner and Bode, 2006). Supply chain vulnerability is 

defined as “an exposure to serious disturbance, arising from risks within the supply chain as well as 

risks external to the supply chain” (Christopher and Peck, 2004, p.6). It can be inferred quite clearly 
from this definition that risks to a supply chain may arise from within an organisation, within the 

supply chain or outside of the supply chain network. This reveals the broad range of exposure for 

today’s supply chains and amplifies the need to attentively address these risks and therefore 
accentuates the criticality of resilience in supply chains.  

A number of management studies have reviewed SCR literature in the past few years. Bhamra et al. 

(2011) reviewed literature on resilience from 1976 to 2010, discussed resilience as applied to Small 

and Medium-scale enterprises and called for more empirical research using case-based methods. 

Pereira et al. (2014) systematically reviewed research on SCR, identified various enablers and barriers 

but restricted the analysis to the upstream side of the supply chain, particularly the procurement 

function and how it could impact the resilience of the supply chain. Wang et al. (2016) reviewed SCR 

using systems theory while Hohenstein et al. (2015) adopted the sand cone model to develop a 

comprehensive SCR framework after reviewing 67 peer-reviewed articles from 2003 to 2013. This 

paper identified SCR elements and grouped them under proactive and reactive strategies. After 

reviewing 91 peer-reviewed journal articles, refereed conference papers and PhD dissertations from 

2003 to 2014, Tukamuhabwa et al. (2015) noted the inadequacy in the application of theoretical lenses 

in SCR studies and like Pereira et al. (2014) called for an increase in the use of theory. It further 

proposed studies into other strategies for resilience other than flexibility, redundancy, agility and 

collaboration and how such can be implemented while Kamalahmadi and Parast (2016) in a 15-year 

review highlighted SCR elements under Christopher and Peck's (2004) resilience capabilities and 

proposed new definitions for both enterprise and supply chain resilience. Linnenluecke (2017) 

examined High Reliability and Normal Accident Theories pointing out how insights from High 

Reliability studies could prove useful for resilience research while Datta (2017) reviewed articles from 

1996 to 2016 to identify different supply chain practices in literature that ensure resilience and uses 

the CIMO (context, interventions mechanisms and outcomes) logic to analyse the data, proposing the 

need for more research into context-specific interventions. Finally, scholars such as Ali et al. (2017), 

are in agreement with the identified need for the application of theoretical lenses by calling for studies 

into the applicability and utility of High Reliability theory (HRT) within SCR studies. They had identified 

some essential elements from reviewing articles between 2000 and June 2015, linking them to five 

resilience capabilities and aligning them to SCR strategies and phases.  

From these previous reviews, the need for the application of other theories in SCR studies is 

undeniable. However, a few previous studies have applied various theories in examining SCR. For 

example, Ponomarov and Holcomb (2009), Blackhurst et al., (2011) and Brusseta and Teller (2017) 



 

 

adopted the resource-based view theory, Spiegler et al. (2012) and Wang et al. (2016) used the 

systems theory while Day (2014) and Tukamuhabwa et al. (2015) used complex adaptive systems. 

However, no research has thus far explored the usefulness of the Cynefin framework and/or High 

Reliability Theory in SCR research. 

In one of the earliest studies on high reliability, Rochlin et al. (1987) provides an account of how 

despite the notion of accidents being normal was well-grounded in both experience and theory, a 

small group of organisations were succeeding under trying circumstances in the daily performance of 

highly complex technical tasks in which failure could not be afforded. The flight operations at sea on 

U. S. Navy aircraft carriers may represent the most extreme of operating conditions in the least of 

stable environment. It perhaps has the greatest tension between preserving safety and reliability and 

attaining the maximum obtainable operational efficiency. In fact, operations on aircraft carriers are 

so dangerous a normal working day could pass for a day with a major disruption at a traditional airport 

where only one short runway is available with salt water and oil spilled on its surface. To add to this, 

radars are dysfunctional and conventional safety regulations have been abandoned while operators 

are expected to prevent accidents and any loss of human life (Rochlin et al., 1987). Notwithstanding, 

operations aboard these carriers have been developed to be so resilient that accidents whether 

internally induced or caused by treacherous weather conditions at sea are kept at the minimum and 

are dealt with in the quickest most efficient way possible when they do occur. 

Generally, HROs have been described as mindful organisations (Weick and Sutcliffe, 2001, p.3) 

because of their ability to avoid failures even though they operate under continuously precarious and 

complex conditions (Linnenluecke, 2017). There is a focus on reducing system complexity and tight 

coupling in order to achieve reliability and safety through human processes and relationships (Weick, 

1987, 1989; Roberts, 1990; La Porte and Consolini, 1991; Schulman, 1993; Roberts et al, 2001; Weick 

and Sutcliffe, 2001; Rousseau et al., 2008; Sutcliffe, 2011). This continuous pursuit of reliability and 

avoidance of accidents make the overall goal of these organisations congruous to the end-goal of 

supply chains that seek resilience through avoidance of disruptions or recovery and adaptability after 

disruptions. Thus, HRO research present a useful area where lessons could be learnt and applied in 

the pursuance of SCR. 

Consequently, this research seeks to address the gaps of further theoretical application (Pereira et al., 

2014; Tukamuhabwa et al., 2015; Ali et al., 2017; Linnenluecke, 2017), the need to explore other 

strategies for resilience (Tukamuhabwa et al., 2015) and the provision of context-specific 

interventions (Datta, 2017) by identifying the unique characteristics of HROs, compare them with the 

formative elements of SCR as provided in extant and current literature and to propose applicable 

lessons from HROs for developing SCR. To do this, two systematic literature reviews are conducted: 

one for SCR and the other for HROs. The paper contributes to the SCR phenomenon by pointing out 

transferable lessons on human resource management, redundancy, avoidance, collaboration, culture, 

agility, flexibility and decision making that could prove useful in attaining SCR. The paper starts with a 

brief literature overview of supply chain resilience and high reliability theory, followed by a discussion 

of the two systematic literature reviews. The findings are then presented and discussed after which 

the flexible decision-making framework is presented and explained. The paper concludes by pointing 

out its implications for research and practice, its limitations, and then recommendations for future 

research are made. 

 

 



 

 

Supply Chain Resilience 

In one of the earliest definitions of resilience in academic literature, Holling (1973, p. 17) posited 

resilience in an ecological science context, as that system property which "determines the persistence 

of relationships within a system and is a measure of the ability of these systems to absorb changes of 

state variables, driving variables, and parameters, and still persist.” Reviewing the concept of 
resilience over three decades later as applied in various disciplines, Folke (2006) came up with two 

distinguishable definitions where one was related to the quality of robustness in systems to withstand 

significant shocks while maintaining function and the other was more focused on the impact of 

disturbance on a system, its reorganisation and its ability to transform, learn and innovate (Brand and 

Jax, 2007).  

Beyond the prevention of a range of recognisable risks, resilience from an organisational perspective 

incorporates the ability to meet business objectives irrespective of how significant disruptions may be 

(McClelland, 2009) as well as how quickly performance levels attain equilibrium post-disruption 

(Sheffi, 2005a). Further, it is also seen as a source of sustainable competitive advantage (both at the 

strategic and operational levels) as well as critical to organisational success (Coutu, 2002; Hamel and 

Valikangas, 2003; Stoltz, 2004). However, the development of significant levels of resilience by an 

organisation acting in isolation is almost unattainable (Seville et al., 2006; Bell, 2010) and hence, the 

need to extend resilience to integrate supply chain network players has become undeniable. 

From this perspective, it is recognisable that activities that take place at various points within a supply 

chain all have the tendency to suffer the occurrence of an unexpected disruption. Seeing that such 

disruptions could adversely affect revenue and cost, there is the need to design supply chains to 

anticipate them, efficiently and effectively respond and then recover subsequently to preferably a 

better state after the disruption (Ponomarov and Holcomb, 2009).  

To this end, the study of resilience in supply chains has been going on for the past couple of decades; 

but considering it is still fairly new, there still remains a lack of consensus in the understanding and 

application of the concept and even its definition (Melnyk et al., 2014; Hohenstein et al., 2015; 

Tukamuhabwa et al., 2015). It is however undeniable that its definition has evolved over the years (Ali 

et al., 2017) starting from the earliest cited definition by Rice and Caniato (2003) to more recent ones 

by Tukamuhabwa et al., (2015), Kamalahmadi and Parast (2016) and Datta (2017). The most recent 

conceptualisation of the SCR has moved from just the ability to respond and recover from disruptions 

(e.g. Rice et. al, 2003, Christopher and Peck, 2004) to include the ability of the supply chain to prepare 

for, avoid, adapt to, recover and also learn from disruptions (e.g. Hohenstein et. al, 2015 and Datta, 

2017). For this research, SCR is defined as:  

  

“the ability to proactively plan and design the supply chain network for anticipating unexpected 

disruptive (negative) events, respond adaptively to disruptions while maintaining control over 

structure and function and transcending to a post-event robust state of operations, if possible, more 

favourable than the one prior to the event, thus gaining competitive advantage" (Ponis and Koronis, 

2012 pp. 925-6). 

Preparedness, robustness, recovery and adaptability in the face of disruptions can clearly be inferred 

from the definition above – albeit within a supply chain context. For the supply chain to be able to 

achieve these, researchers have prescribed various formative elements. They have been termed 

differently by various authors including core dimensions (Ponis and Koronis, 2012), antecedents 

(Ponomarov and Holcomb, 2009; Scholten and Schilder, 2015), capabilities (Jüttner and Maklan, 2011; 

Pettit et al., 2013), enablers (Soni et al., 2014; Pereira et al., 2014), competencies (Wieland and 

Wallenburg, 2013) or simply elements (Christopher and Peck, 2004; Peck, 2005; Hohenstein et al., 



 

 

2015; Ali et al., 2017). However, to ensure consistency, this study maintains them as formative 

elements similar to Jüttner and Maklan (2011), Ponis and Koronis (2012) and Soni et al. (2014). 

 

High Reliability Theory 

The high reliability theory is the result of the work of an interdisciplinary research group that studied 

three high-risk, high-hazard organisations and discovered significant similarities in their modes of 

operation (Rochlin et al., 1987; Weick, 1987; Roberts, 1990; cf. Hopkins, 2007). The organisations were 

a nuclear power station, the US Navy nuclear aircraft carrier operations and the US Air Traffic control 

systems. It was concluded that despite the high possibility for failure, these organisations consciously 

pursue reliability (Rochlin 1999; Sutcliffe 2011). The fundamental proffer of the theory is that 

accidents and failures can be prevented by making continuous minor modifications that prevent error 

accumulation. 

However, this theory has suffered its fair share of criticisms including the lack of a clear definition of 

what a HRO is (Hopkins, 2007). Furthermore, Marais et al. (2004) and Hopkins (2007) questioned the 

objectivity of the statistical classification suggested by Roberts (1991) and raised issues with the 

ostensible confusion between the use of ‘reliability’ and ‘safety’ within the theory.  

Notwithstanding, HRT as opposed to the normal accident theory posited first by Perrow (1984) has 

emerged as the more dominant theory (Linnenluecke, 2017). It is suggested that this may be because 

of its dedicated researchers from the University of California, Berkeley and because it is less 

deterministic (Smart et al., 2003). Also, the question of the transferability of the theory's principles to 

other organisations has been discussed by authors such as Boin and ‘t Hart, (2010), Linnenluecke 
(2017), La Porte (1994) and Sagan (1993). Despite the differing opinions on this, this paper agrees with 

Linnenluecke (2017) and Boin and McConnell (2007) that the attributes of HROs could serve as a 

utilitarian guide towards the operationalisation of supply chain resilience.  

 

The Systematic Literature Reviews 

A systematic literature review (SLR) is at the heart of a pragmatic management research (Anderson et 

al., 2001) as it balances both rigour and relevance (Tranfield et al., 2003). Further, it has been argued 

that its purpose in management studies is to aid evidence-based decision making (Wilding and 

Wagner, 2014). It is thus the research method deemed most appropriate to attain the aim of this 

paper. The use of systematic review in supply chain management studies has become increasingly 

popular over the past decade (Wilding and Wagner, 2014). Some studies that have employed it include 

Bhamra et al. (2011), Gimenez and Tachizawa (2012), Colicchia and Strozzi (2012), Pilbeam et al. 

(2012), Gligor and Holcomb (2012), Wong et al. (2012), Pereira et al. (2014), Hohenstein et al. (2015), 

Kamalahmadi and Parast (2016), Ali et al. (2017) and Datta (2017).  

In reviewing literature however, the various methods available to the researcher as identified by 

Banomyong et al. (2017) may include argumentative (Petticrew and Helen, 2006), integrative 

(Torracro, 2005), historical (Baumeister and Leary, 1997), methodological (Hart, 1998), theoretical 

(Rocco and Plakhotnik, 2008) and/or a systematic review (Tranfield et al., 2003; Harrison et al., 2016, 

Sutton, 2016). The first five are broadly considered narrative literature reviews. For a SLR, a clearly 

formulated research question(s) guides a researcher through the identification, selection and 

evaluation of relevant studies. This is followed by the analysis, synthesis and reporting of evidence 



 

 

from the review to facilitate elucidative conclusions on the state of knowledge (Denyer and Tranfield, 

2009; Alexander et al., 2014; Harrison et al., 2016; Sutton, 2016; Nurmala et al., 2017). 

The narrative literature review approach has been criticised for lacking criticality (Tranfield et al., 2003; 

Wilding and Wagner, 2014; Harrison et al., 2016), and a systematic approach to reviewing literature 

has been proposed (Denyer and Tranfield, 2009). A systematic literature review can be defined as “…a 
replicable, scientific and transparent process; in other words, a detailed technology that aims to 

minimise bias through exhaustive literature searches of published and unpublished studies, and by 

providing an audit trail of the reviewer’s decisions, procedures, and conclusions” (Tranfield et al., 
2003, p. 209). 

A SLR differs from a traditional narrative review because it adopts a replicable, transparent, and 

scientific process (Tranfield et al., 2003; Harrison et al., 2016). It is also preferred because it aims at a 

peer-reviewed and properly recorded process so as to achieve comprehensive coverage, criticality and 

relevance to practice (Denyer and Tranfield, 2009; Alexander et al., 2014; Wilding and Wagner, 2014). 

It further provides better clarity in scholarly communication and increases the internal validity of the 

research by removing or minimising researcher's bias in the article selection process (Booth et al., 

2012). Incorporation of all these into a SLR research improves its quality, credibility and readability 

(Wilding and Wagner, 2014). To this end, the implementation process for the SLR employed for this 

research is that of Denyer and Tranfield (2009) which consists of the following steps: 

1. formulating research questions; 

2. locating studies; 

3. selecting and evaluating studies; 

4. analysing and synthesising results; and 

5. reporting. 

These are expounded below. 

 

Research Questions formulation 

As the first requirement, research questions have to be formulated to clearly define the focus for the 

study (Light and Pillemar, 1984; Cooper and Hedges, 1994; Denyer and Tranfield, 2009) thereby 

establishing the criteria for primary study inclusion (Counsell, 1997). Three main approaches have 

been adopted in literature to formulate research questions and identify keywords for SLRs. These 

include the use of expert panels to identify the main issues of the phenomenon to be studied (e.g. 

Wong et. al, 2012; Abidi et al., 2014; Alexander et. al, 2014; Durach et al., 2015; Dubey and 

Gunasekaran, 2016; Harrison et al., 2016) and the use of Denyer and Tranfield's (2009) CIMO (Context, 
Interventions, Mechanisms, Outcomes) logic approach (e.g. Colicchia and Strozzi, 2012; Pilbeam et al., 

2012; Nurmala, 2017). The last approach is by establishing a conceptual framework or focus of 

research through review of literature (e.g. Pereira et al., 2014; Hohenstein et al., 2015; Bag, 2016; Ali 

et al., 2017; Datta, 2017) and this is the adopted approach for this paper. From extensive reading of 

relevant literature, the following research questions were formulated.  

Q1. What formative elements have been proposed in the relevant literature to attain supply chain 

resilience? 

Q2. What organisations have been identified in literature as High Reliability Organisations and what 

are their peculiar characteristics? 



 

 

Q3. What similarities are present in the identified formative elements towards the achievement of SCR 

and the characteristics of HROs? 

Q4. From the analysis of the data, what lesson(s) can be learned from HROs to ensure and/or improve 

SCR? 

Locating Studies 

A broad range of online academic database sources were used for this research to reduce bias and to 

provide a comprehensive list of major contributions to the themes in the research questions (Denyer 

and Tranfield, 2009). These included EBSCO, Emerald, Taylor and Francis and Wiley online Library as 

primary sources while Science Direct and Google Scholar were supplementary. These databases were 

selected because they are considered to have some of the largest repositories of business research 

and have also been used for similar studies (e.g. Wong et al., 2012; Pereira et al., 2014; Hohenstein et 

al., 2015; Durach et al., 2015; Harrison et al., 2016; Ali et al., 2017; Banomyong et al., 2017; Datta, 

2017; Nurmala et al., 2017). The following keywords and search strings (shown in Table 1) which were 

identified at the scoping and research formulation stage were used to identify studies. 

     Insert Table 1 

To further identify additional relevant literature, the references in the initially identified papers were 

used to find other works of interest relative to the research topics in the supplementary databases. 

 

Study selection and evaluation 

For the purpose of accuracy, objectivity and reliability, inclusion-exclusion criteria were established; 

and this is illustrated as follows: 

Type 

Only articles in Association of Business Schools (ABS) ranked journals were included. This was to 

ensure reliability, higher quality of the research and help produce better results (Light and Pillemer, 

1984; Morris et. al, 2009; Harvey et al., 2011). Non-academic journals, articles in languages other than 

English, conference proceedings, editorial opinions and book chapters were excluded from this study.  

Time 

The time span considered for SCR is between 1997 and 2017 while for HROs it was 1987 to 2017. Even 

though it is generally accepted that SCR research began to emerge from the year 2000 (Zsidisin et al., 

2000; Svensson, 2000; Sheffi, 2001), it was identified at the scoping stage that a few articles addressed 

aspects of resilience before the year 2000 and setting the starting year at 1997 made room for such 

articles to be considered. For example, Bandyopadhyay et al. (1999) identify measures such as disaster 

recovery planning, backing up of computer files, employee education and patent protection by focus 

organisations and others in their networks to reduce the likelihood of disruptions as well as to increase 

the ability to recover quickly from unavoidable risks such as natural disasters. Srivastava et al. (1999) 

also prescribe flexibility in manufacturing and order delivery systems as well as the integration of 

suppliers through the use of Vendor Managed Inventory to reduce the exposure of supply chains to 

cash flow risks and to ensure sustainable competitive advantages. The timespan for the HROs was 

extended to begin from 1987 primarily because the seminal articles on the theory were before 1997. 

 



 

 

Subject (Relevance) 

Only articles relevant to the subject under review were included in the selection phase. This was 

determined by reading the titles and abstracts for some of the articles while others required reading 

in depth to affirm relevance. Some articles only mentioned "supply chains" a couple of times as part 

of the business functions or "resilience" with respect to an organisation or an individual and not the 

supply chain. Thus, such articles were excluded. 

Initially, a total of 887 hits were produced for SCR while that of HROs produced 301 articles from 

searching EBSCO (Business Source Complete), Emerald (articles and chapters), Taylor and Francis and 

Wiley online Library (Journals) databases for keywords using the search strings specified in Table 1. 

However, after excluding duplicates and articles which did not meet the criteria indicated under Type, 

there remained 386 articles in all. Upon applying the specified time spans, the SCR articles reduced to 

218. That for HROs reduced to 33 when articles in journals not ABS-ranked were excluded and 

timespan was applied. After reading of abstracts, the count reduced to 165 SCR articles and 24 HRO 

articles. However, 21 new SCR articles were identified from citations and bibliographies and six were 

found for HROs. These new articles were searched in Google Scholar and Science direct. This therefore 

resulted in 186 and 30 articles for SCR and HRO respectively at this stage. Full reading of all these 

articles to identify relevance and also the exclusion of the some of the new articles which were not in 

ABS-ranked journals produced the final number of articles with SCR having 107 while that for HROs 

was 18 (See Figure 1 for process summary). The search was concluded on 15th May 2018. 

Insert Figure 1 

 

Analysis and Synthesis 

After the selection of the final documents, a systematic review catalogue which served as the data 

extraction form (Denyer and Tranfield, 2009) was prepared with Microsoft Excel to facilitate the 

analysis process. Two different sheets were used for the two areas of study under review. On the 

sheet for SCR, the major columns were Authors, Journal, Title of article, Year, Supply chain focus, 

formative elements identified, identified research methods and additional notes. On that for HROs, 

the main columns were Authors, Journal, Title of article, Year, identified HROs, Characteristics, 

adopted research methods and additional notes. The indicated sections were derived by answering 

the 12 questions proposed by Denyer and Tranfield (2009, p.685). This was to facilitate the dissection 

of the various studies into their constitutive components and to help describe the relationships 

between them. 

A synthesis of this data subsequently followed where linkages within and between studies are 

highlighted and patterns exposed. Here, the various perspectives on identified characteristics, 

formative elements and characteristics are compared to make apparent the information that may not 

be readily obvious from isolated individual studies. 

 

Proposed Formative Elements for SCR 

In suggesting ways of achieving supply chain resilience, many authors (e.g. Christopher and Peck, 2004; 

Sheffi, 2005a, b; Ponomarov and Holcomb, 2009; Lengnick-Hall et al., 2011; Klibi and Martel, 2013) 

have touched on various formative elements, some of which were already existent but not necessarily 



 

 

considered as a means of building resilience. From the SLR, several formative elements of resilience 

were identified, and these along with the number of articles that cited them are indicated in Table 2.  

     Insert Table 2 

Of all the identified formative elements, the most posited as critical resilience elements were supply 

chain collaboration and flexibility appearing 74 and 73 times respectively. Following closely behind 

was redundancy after which was agility, with sustainability and logistics capability being the least cited 

by authors. 

Table A1 in the Appendix provides all the 107 reviewed articles on SCR and the corresponding 

formative elements identified in each. 

 

HRO Characteristics  

Not too many organisations have been identified as HROs. From the on-set of the theory, the three 

organisations originally identified were the US air traffic control system, an electricity company 

operating both a nuclear power station (Diablo Canyon) and an electricity distribution system and the 

US Navy nuclear aircraft carrier operations. Most literature on HROs are derived from these (Hopkins, 

2007). The frequency of citations for the top 6 organisations identified as HROs in literature is provided 

in Table 3.  

Insert Table 3 

A few other organisations such as the nuclear submarines and firefighting have been cited sparingly.  

In identifying the attributes and manner of operations of HROs, a total of 14 were found in the 

literature reviewed. Decision making was the most highlighted dynamic which was closely followed 

by various ideas of culture (including just culture, learning culture, respectful interaction and/or 

heedful interrelation). Awareness was the least cited characteristic which was surprising because 

many of the other characteristics are facilitated by having awareness and/or visibility. However, this 

may be because in most of the literature, awareness was implied implicitly but not explicitly identified 

as a characteristic. Bierly and Spender (1995, p. 655) for instance acknowledges this when it points 

out from the seminal research in the field that, members of HROs submit to a "higher level body of 

knowledge and experience" without being fully conscious of it. Weick and Roberts (1993, p. 357) 

describes the concept of a "collective mind" as "a pattern of heedful interrelations of actions" and 

proceeds to posit that organisational errors decrease as heedful interrelations and mindful 

comprehension increase. Yet, the paper failed to acknowledge how the awareness of employees is 

fundamental to the attainment of this "collective mind" and did not therefore identify it as a distinctive 

characteristic of the HRO they studied. The various characteristics identified, and their citations are 

presented in Table 4. 

Insert Table 4 

In the 18 studies reviewed, there was significant consistency in the characteristics identified; nine 

papers identified at least nine out of the 14 characteristics. This may be attributable to the relatively 

small number of organisations studied under this theory and the narrow nature of its research stream. 

Details of each HRO reviewed paper and the corresponding characteristics identified are provided in 

the Appendix in Table A2. 

 



 

 

Similarities in SCR formative elements and HRO characteristics and Lessons 

from HRO 

A careful comparison between the proposed formative elements for SCR and the characteristics of 

HROs reveal that significant similarities exist between the approaches towards attaining SCR and those 

for high reliability – even though the difference in conceptualising these elements are very obvious. 

Out of the 13 formative elements identified in the studies, five had no parallels in the characteristics 

of HROs. Therefore, considering the aim of this research is to identify similarities and transferable 

lessons from HROs, these are not discussed. Further reading however are suggested as follows: 

integration (See Ali et al., 2017; Brusset and Teller, 2017; Datta, 2017), robustness (See Brandon‐Jones 
et al., 2014; Durach et al., 2015; Hasani and Khosrojerdi, 2016), logistics capability (See Urciuoli et. al, 

2014; Ho et al.; 2015 and Tukamuhabwa et al., 2015), security (See Bandyopadhyay et al., 1999; Datta, 

2017) and sustainability (Fahimnia and Jabbarzadeh, 2016).  

Before discussing the similarities, the most unique characteristic of HROs that barely features in any 

of the prescribed SCR formative elements is the strong commitment from top management towards 

reliability. This is captured as 'collective mindfulness' (Weick et al., 1999) or 'mindful leadership' (Lekki, 

2011). Management exhibits this commitment through fiscal commitment to safety, support of a 

conscious creation of an improvisation culture when the situation demands and an environment 

where incident reporting is made easy and also rewarded rather than punished (Weick et al., 1999; 

Cooke, 2003; Lekka and Sugden, 2011; Lekki, 2011; Linnenluecke, 2017). Further, there is the 

willingness to engage in experiments aimed at enhancing learning and readiness for the unexpected 

(Fiol and O’Connor, 2003). Despite featuring prominently in the SCR literature as a requirement for 

formative elements such as collaboration (Ponomarov, 2012), culture (Christopher and Peck, 2004; 

Tukamuhabwa et al., 2015; Kamalahmadi and Parast, 2016), flexibility (Skipper and Hanna 2009; 

Spiegler et al., 2012), redundancy (Christopher and Peck, 2003), logistics capability (Ponomarov and 

Holcomb, 2009), sustainability (Seuring and Beske, 2014) and also risk management (Giunipero and 

Aly Eltantawy, 2004; Ponomarov and Holcomb, 2009), support from top management has not been 

explicitly identified as a SCR formative element. Considering that it is antecedent to so many formative 

elements and that it is cited as a prominent HRO characteristic, it is proposed that top managerial 

support has to be researched as a SCR formative element. In practice, strategic level managers must 

be willing to invest in training and simulation sections that will better prepare their employees and 

players in their supply chains for disruptions. Recalling Christopher and Peck's (2004) finding that some 

companies do not have supply chain representation in their boardrooms, it is argued that for an 

organisation to have a resilient supply chain, genuine commitment including the needed appropriation 

of resources from top management is required. A commitment to ensure continuous improvement by 

pushing for ways to improve their network design and risk management strategies should be 

encouraged. 

Human Resource Management 

Moving on to the themes that are common to the two streams of literature, we start with approach 

to human resource management. As a formative element of SCR, Human Resource Management 

(HRM) involves the development of the human resources and knowledge management (Blackhurst et 

al., 2011; Pettit et al., 2013; Kamalahmadi and Parast, 2016; Ali et al., 2017). Human resource 

development can be pursued through the education and training programmes targeted at improving 

employees' understanding of the supply chain (Kern et al., 2012; Hohenstein et al., 2015). Further, the 

use of supply chain drills, simulations and exercises, inter-organisational learning and the creation of 

a risk management culture have been identified to nurture the technical, cognitive, behavioural and 



 

 

contextual elements required by the human resources in pursuit of SCR (Rice and Caniato, 2003; Finch, 

2004; Norrman and Jansson, 2004; Lengnick-Hall et al., 2011; Ali et al., 2017). Training programmes 

are also required to facilitate knowledge management (Jüttner and Maklan, 2011; Ali et al., 2017) but 

more significantly, documentation of critical processes and access to such documents (Sheffi, 2001). 

The use of cross training to improve the flexibility of employees as well as the establishment of cross-

functional teams (Sheffi, 2001; Hohenstein et al., 2015) have been prescribed to facilitate resilience in 

supply chains. Though management of human resources does not feature as a highly cited formative 

element, encouraging of teamwork, continuous training and cross-training of staff is highlighted as 

critical in both HRO literature (Roberts, 1990; Bierly and Spender, 1995; Vogus and Welbourne, 2003) 

and SCR literature (Finch, 2004; Norrman and Jansson, 2004; Blackhurst et al., 2011; Lengnick‐Hall et 
al., 2011).  

HROs acknowledge the critical role their employees play in helping them achieve their high levels of 

reliability and are hence noted to spend disproportionately more money than other organisations in 

training their staff (Roberts et al., 2001). They pursue careful recruitment (La Porte, 1996; Ericksen 

and Dyer, 2005), are committed to the provision of staff incentives and also put in measures to ensure 

staff retention (Roberts et al., 2001; Vogus and Welbourne, 2003). Lessons here are that these efforts 

must be crucial for the human resource managers in supply chains and they must be included to the 

varied approaches already indicated in SCR literature. Focus companies must especially be willing to 

invest in and retain core staff including senior management whose decisions affect the status of their 

supply chains. This will ensure that employees have the right frame of mind, capabilities and individual 

resilience to make the right decisions in or out of crisis. The criticality of HRM cannot be 

overemphasised as it plays a role in the attainment of the heightened look out for risks to facilitate 

risk avoidance, the institution of decision redundancy, fostering trust and openness for enhanced 

collaboration, instilling a resilience culture and the pursuit of flexible decision-making – some lessons 

in the subsequent sections.  

Avoidance 

19 out of the 107 papers reviewed on SCR suggest an organisation's ability to identify risks early and 

avoid them in time is crucial for attaining resilience (See Table 2 and Table A1). This involves being 

able to avoid risks by dropping products with uncertain demands, avoiding specific markets in certain 

geographical locations and avoiding suppliers with high risk profiles (Jüttner et al., 2003; Klibi et al., 

2010; Thun and Hoenig, 2011; Grötsch et al., 2013; Tukamuhabwa et al., 2015). It also includes 

avoiding extreme leaning and efficiency (Kleindorfer and Saad, 2005) and avoiding risks through 

visibility (Kleindorfer and Saad, 2005; Manuj and Mentzer, 2008; Colicchia and Strozzi, 2012; Grötsch 

et al., 2013; Kamalahmadi and Parast, 2016; Ali et al., 2017).  

A similar prescription in HRO literature is ‘preoccupation with failure’ where there is a constant look 

out for indications for larger failures by hunting for lapses and errors in order to gain insight into the 

strengths and weaknesses of their systems (Rochlin, 1993; Bierly and Spender, 1995; La Porte, 1996; 

Schulman, 2004; Hopkins, 2007). All failures – irrespective of how small, are viewed as being indicative 

of the overall reliability of the system. Near failures are thoroughly analysed and the liabilities 

associated with success are focused on in order to avoid complacency (Wieck et al., 1999). The goal is 

to anticipate and mitigate accidents before they occur or at the least, to detect, locate and contain 

them before escalation (Eriksen and Dyers, 2005). To achieve this, HROs have well-developed 

reporting systems which allow for lessons to be drawn from these events and a realistic view of their 

operations to be obtained for consequent improvement.   



 

 

Here the lesson is a relatively more heightened look out for risks facilitated by collaboration and a 

reporting culture so that there is an incessant identification of processes that must necessarily go 

right, processes that can suffer disruptions, how disruptions can occur and what disruptions have 

occurred in the supply chain (Sutcliffe, 2011).  

Redundancy 

It is a well-established and widely prescribed formative element for SCR. Prescriptions for redundancy 

in SCR literature can be captured under tangible and intangible redundancy. Tangible redundancy 

includes low capacity utilisation or excess capacity (Sheffi, 2001; Jüttner, 2005), employees (Sheffi, 

2005a), facilities (Sheffi and Rice Jr., 2005; Knemeyer et al., 2009), transport modes (Linnenluecke, 

2017) and additional inventory (Sheffi, 2001; Chopra and Sodhi, 2004; Sheffi and Rice Jr., 2005; Priya 

Datta et al., 2007; Pereira et al., 2014; Ali et al., 2017). Others are the use of multiple suppliers (Sheffi, 

2001; Chopra and Sodhi, 2004; Kleindorfer and Saad, 2005; Hohenstein et al., 2015), ICT backup 

equipment – physical or virtual backup (Sheffi, 2001; Kleindorfer and Saad, 2005; Petit et al., 2013) 

and power equipment (Petit et al., 2010). Intangible redundancy may be pursued through supplier 

relationships (Zsidisin and Wagner, 2010; Jüttner and Maklan, 2011), multi‐skilled staff achieved 

through cross training (Sheffi, 2001), having continuity plans in place (Zsidisin and Wagner, 2010) and 

using multiple processes (Jüttner, 2005; Johnson et al., 2013). 

Redundancy in HROs involves the ability to provide for task execution in the event of a failed or faulty 

primary unit (Rochlin et al., 1987). This is achieved through technical redundancy which involves back 

up of all critical operational components (Rochlin et al., 1987; Weick, 1987; Hofmann et al., 1995; 

Saleh et al., 2010) as well as redundancy in skills set or expertise of staff which is achieved through 

systematic rotation. This involves monitoring of each other’s work as well (Weick and Roberts, 1993; 

Bierly and Spender, 1995; La Porte, 1996; Roberts et al., 2001). There is also decision/management 

redundancy which is achieved through organisational strategies to ensure that critical decisions are 

timely and correct. This is achieved by using redundant control and information systems (Rochlin et 

al., 1987; Roberts and Rousseau, 1989; Weick and Roberts, 1993; Hofmann et al., 1995). 

Considering the significant overlap in prescriptions for redundancy, the most obvious lesson for 

practitioners from HROs is decision redundancy and even though this may not be strictly applicable in 

some organisations, it is herein argued that critical decisions made and communicated verbally should 

be backed with emails to all stakeholders; firstly to ensure the content does not change through 

grapevine (Mishra, 1990), secondly to permit for monitoring of decisions during disruptions and lastly 

to help evaluate the impact and effectiveness of decisions in order to inform future direction. This will 

alleviate the effects of staff turnover or absenteeism since records of the decisions taken and their 

effectiveness will be available for other decision makers. For researchers, questions bothering on how 

decisions are recorded and monitored, how multiple decisions makers are used to deal with the same 

disruptions in a supply chain (either simultaneously or sequentially), and the impact of these on a 

supply chain's resilience present an interesting avenue for empirical research. 

Collaboration 

This is the most cited formative element for SCR (Refer to Table 2) and this may be attributable to how 

it facilitates many other formative elements such as visibility, awareness, avoidance, decision-making 

and integration. Cooperation between supply chain players is prescribed to enhance risk reduction 

and supply chain recovery capability (Lee, 2002; Norrman and Jansson, 2004; Craighead et al., 2007; 

Bode et al., 2011; Kamalahmadi and Parast, 2016) and facilitate supply chain intelligence which then 

brings the awareness to avoid escalation of disruptions (Kleindorfer and Saad, 2005; Craighead et al., 



 

 

2007; Brandon‐Jones et al., 2014). It boosts confidence and decision making in the supply chain 
(Christopher and Lee, 2004; Christopher and Peck, 2004; Brandon‐Jones et al., 2014; Hohenstein et 

al., 2015) and enhances control and closer monitoring of suppliers for the purpose of risk avoidance 

(Christopher and Lee, 2004; Blome and Schoenherr, 2011; Sáenz and Revilla, 2014; Datta, 2017).  

Similarly, HROs put a lot of emphasis on situational awareness (La Porte, 1996; Weick et al, 1999; Fiol 

and O’Connor, 2003; Vogus and Welbourne, 2003; Hopkins, 2007), teamwork (Weick, 1987) and trust 
(La Porte et al., 1991; Weick et al., 1999; Sutcliffe and Vogus, 2003; Sutcliffe, 2011). Here, the most 

significant lesson is on how team members in HROs monitor each other, without the 

"counterproductive loss of operator confidence, autonomy and trust" (La Porte and Consolini, 1991, 

p.64). Therefore, it can be said that players in a supply chain must have the trust of fellow players in 

their ability to execute their functions competently while there is yet the openness to monitor each 

other including the focus organisation in the supply chain.  

Managers may achieve this by ensuring that organisations within the supply chain have all requisite 

certifications in their field of expertise, are enlisted on reputable stock markets and their financial 

health statuses are publicly available. Even though the role of trust in facilitating collaboration for SCR 

is acknowledged in the literature (e.g. Kleindorfer et al., 2005; Braunscheidel, 2009; Pereira, 2009; 

Grötsch et al., 2013; Beske and Seuring, 2014; Ho, 2015; Kamalahmadi and Parast, 2016; Datta, 2017), 

very few (such as Laeequddin et al., 2009 and Johnson et al., 2013) have explored how trust is built 

among supply chain partners and how this improves SCR in practice. Further research here is therefore 

required. 

Culture 

A culture that helps foster SCR can be identified in literature. It is captured variously as learning‐
oriented culture (Sheffi and Rice Jr., 2005; Braunscheidel and Suresh, 2009; Lengnick‐Hall et al., 2011), 
information sharing or a reporting culture (Sheffi and Rice Jr., 2005; Lengnick‐Hall et al., 2011; Datta, 

2017) and risk management culture (Christopher and Peck, 2004; Pettit et al., 2010; Urciuoli et al., 

2014; Hohenstein et al., 2015; Tukamuhabwa et al., 2015; Kamalahmadi and Parast, 2016; Ali et al., 

2017). 

These align almost perfectly with the learning culture (Weick et al., 1999; Lekki, 2011), open and 

reporting culture (La Porte and Consolini, 1991; Bierly and Spender, 1995; Lekka and Sugden, 2011; 

Lekki, 2011), and the safety culture (Weick, 1987; Bierly and Spender, 1995; Saleh et al., 2010; Lekki, 

2011; Sutcliffe, 2011) of HROs respectively. The difference however is that culture within HROs is 

oriented against ineffectiveness rather than towards effectiveness (Weick et al., 1999) and hence 

provides the foundation of high reliability which stems from their preoccupation with failure. It is 

therefore unsurprising that culture is the second most cited characteristic of HROs while only 21.5% 

of SCR literature reviewed identified culture.  

The lesson for practitioners therefore is that a resilience-seeking culture may have to feature 

prominently in the focus organisation since this is the way by which a flexible decision-making 

structure that allows for effective decision making by experts during crisis while maintaining a 

structured organisational hierarchy is achievable (Weick, 1987). This will then dictate the culture of 

the rest of the supply chain. This resilience culture will further provide the basis for the 

operationalisation of the proposed decision-making framework (see Figure 2) where decision makers 

are presented with “categories, routines and examples of good and poor solutions” (Bierly III and 

Spender, 1995 p. 643). Within SCR literature where culture is identified as a formative element, a risk 

management culture is strongly highlighted but there is almost none that proposes a culture that goes 



 

 

beyond just seeking to manage risks to one that pursues resilience across the supply chain. Further, 

there is not much literature on practical ways to change the culture within organisations to enable 

resilience throughout the supply chains. Expanding research on these could perhaps cement culture 

as a fundamental formative element based on which others may be attained. 

Agility  

Agility in SCR literature refers to a supply chain's responsiveness to both internal and external 

unforeseen changes (Christopher and Peck, 2004; Ponomarov and Holcomb, 2009). It is attained by 

quick reactionary time made possible by early detection of risks and the consequent triggering of 

response processes (Braunscheidel and Suresh, 2009; Hohenstein et al., 2015; Ali et al., 2017), and 

accelerated adaptability through rapid supply chain redesign (Swafford et al., 2006; Petit et al., 2010; 

Blackhurst et al., 2011; Ivanov and Sokolov, 2013; Wieland and Wallenburg, 2013; Hohenstein et al., 

2015; Tukamuhabwa et al., 2015; Kamalahmadi and Parast, 2016). These work to minimise impact of 

disruptions and to facilitate fast recovery. Agility is enhanced through visibility (Christopher and Peck, 

2004; Wieland and Wallenburg, 2013; Scholten et al., 2014; Hohenstein et al., 2015), velocity 

(Christopher and Peck, 2004; Jüttner and Maklan, 2011; Wieland, 2013; Tukamuhabwa et al., 2015), 

integration (Braunscheidel and Suresh, 2009; Pereira et al., 2014) and flexibility (Swafford et al., 2006; 

Tang and Tomlin, 2008; Braunscheidel and Suresh, 2009; Ponis and Koronis, 2012). 

Agility in HROs is a bit more complex because it is facilitated by an amalgamation of various 

competences and characteristics rather than a uniquely identified organisational characteristic. To 

achieve the responsiveness to accidents that HROs are well-known for, the reinforcement of values 

such as credibility, trust and attentiveness to design and procedures are prioritised. Moreover, 

organisational culture which ensures a broad vigilance towards potential disruptions through 

redundancy, continuous training particularly through simulation, strategic prioritisation of safety as 

well as encouraging improvisation and flexible responses by staff is vigorously pursued (Schulman, 

1993; Weick et al., 1999; Fiol and O’Connor, 2003).  

Thus, preparedness, awareness and flexibility are common to both SCR and HRO in the pursuit of 

agility. However, in the case of HROs, their flexible decision-making structure and their mindful staff 

are central to their adaptive response to changes in their environment (Fiol and O’Connor, 2003). 
Transferrable practical lessons from HROs for agility in supply chains will be the use of a combination 

of well-planned and practised response tactics as well as the use of improvisations depending on 

context.  

Flexibility 

This features prominently in both streams of literature (See Table 2 and Figure 2). However, the 

approach to flexibility differs quite significantly. In SCR literature, flexibility is typically to be pursued 

through operational or sourcing flexibility. Operational flexibility is seen in product flexibility (Sheffi 

and Rice Jr., 2005; Tang, 2006; Yang and Yang, 2010; Blackhurst et al., 2011; Colicchia and Strozzi, 

2012; Sáenz and Revilla, 2014), process flexibility (Colicchia and Strozzi, 2012), transportation 

flexibility (Tang, 2006; Spiegler et al., 2012; Hohenstein et al., 2015), postponement (Lee, 2002; Jüttner 

et al., 2003; Christopher and Lee, 2004; Yang and Yang, 2010; Ali et al., 2017; Govindan et al., 2017) 

and order fulfilment flexibility (Petit et al., 2010; Petit et al., 2013; Ali et al., 2017). Sourcing flexibility 

is also seen in flexible supplier contracts (Tang, 2006; Petit et al., 2010, 2013; Tukamuhabwa et al., 

2015; Datta, 2017), backup suppliers (Hohenstein et al., 2015) and multiple sourcing including sourcing 

from both local and overseas suppliers (Jüttner et al., 2003; Pereira et al., 2014; Tukamuhabwa et al., 

2015). 



 

 

However, with respect to HROs, flexibility is viewed from an organisational authority structure and 

decentralisation perspective (Rochlin et al., 1987; Bierly and Spender, 1995; Hofmann et al., 1995; La 

Porte, 1996), individual flexibility (thinking and decision making) in their response to new challenges 

and task execution (Rochlin et al., 1987; Weick and Roberts, 1993; Bierly and Spender, 1995; Roberts 

et al., 2001) and human resource flexibility such as the use of temporary employees (Vogus and 

Welbourne, 2003). These forms of flexibility allow HROs access to more skills and expertise and enable 

them to deal with inevitable uncertainties and imperfect knowledge (Sutcliffe and Vogus, 2003; 

Sutcliffe, 2011). 

The lesson from a research perspective is that, there is the need to delve into the role of the flexibility 

of employees in their thinking and response to disruptions since SCR literature is by and large silent 

on this. In terms of practice, the idea of flexibility in pursuing SCR has to reflect in the organisation's 

approach to recruitment and training as was pointed out under human resource management, but 

more significantly to the structure of the organisation when it comes to decision making under crises 

or emergency situations. This thus leads to the final lesson to be learned from HROs within this study. 

Decision making 

Even though it is not shown by the number of citations of decision making in SCR literature, discussions 

therein show decision making as a critical formative element right from the design of the network to 

its operations and maintenance (Jüttner, 2005; Tang, 2006; Klibi, 2010; Jabbarzadeh et al., 2016; Ali 

et al., 2017; Fattahi et al., 2017; Govindan et al., 2017). In order to craft a procurement strategy that 

allows flexible sourcing but balances the need for resilience and efficiency, critical decisions have to 

be made (Datta, 2017). When it comes to risk avoidance, managers must be able to decide which 

products are too risky to maintain in particular geographical locations, which suppliers are deemed 

risky and must be avoided as well as the extreme supply chain practices that need avoiding. In a similar 

sense, choice of warehouse locations, distribution centres, manufacturing facilities and similar supply 

chain design decisions impact the resilience of a supply chain (Jabbarzadeh et al., 2016). All these 

accentuate the criticality of decision making in the pursuance of resilience in the supply chain. Despite 

this criticality, only 38.32% of the reviewed SCR literature point to decision making as a formative 

element.  

Decision making in HROs however is the most cited characteristic. Its centrality in their operations is 

shown in how it features in the other characteristics such as flexibility, redundancy, deference to 

expertise, reluctance to simplify, awareness, trust and organisational structure. Their organisational 

authority structure and decentralisation is set up in such a way to facilitate quick and accurate decision 

making in times of crisis by the most competent staff regardless of their position in the organisation 

while maintaining a good level of accountability (Roberts and Rousseau, 1989; Roberts et al., 1994; 

Bierly and Spender, 1995; Waller and Roberts, 2003). This is what is referred to as ‘deference to 

expertise’ (Roberts et al., 1994; Hopkins, 2007; Saleh et al., 2010; Sutcliffe, 2011). HROs exhibit great 

expertise when it comes to quick decision making based on limited data and knowing when to 

abandon routines for improvisation (Weick, 1987; Roberts and Rousseau, 1989). Furthermore, the 

characteristic referred to as ‘reluctance to simplify’ captures the deliberate effort to get a clearer 

picture of situations so as to ensure accurate decision making. This they do by taking cognisance of 

bias in problem diagnosis, prevention of ending causal investigations too early and avoidance of 

assigning a single cause to errors and incidents (Weick et al., 1999; Weick and Sutcliffe, 2001; Hopkins, 

2007; Dekker, 2008). 

Even though decision making for resilience occurs in and out of crisis, there are invaluable lessons to 

be learnt from HROs for SCR especially when the supply chains suffer crisis. Before decisions are made, 



 

 

the supply chain manager must actively probe received data and verify with other sources to ascertain 

full authenticity and usefulness. This is useful whether or not the disruption has resulted in a crisis, 

but it is most crucial under crisis conditions. Further, managers may have to incorporate the needed 

flexibility in their organisational structure and risk management protocol during crisis that allows 

employees with the requisite knowledge for making the right decisions and/or problem resolution the 

authority to do so, irrespective of their hierarchical position in the focus organisation or supply chain. 

A decision-making framework adopted from HRO literature to provide this flexibility in decision 

making under crisis situations is presented in Figure 2. 

Decision making framework under crisis situations 

A decision-making structure may either be over-specified with a predefined approach to decision 

making or could be a 'mindfulness' structure which encourages flexibility (Fiol and O'Connor, 2003). 

Therefore, in order to attain the needed flexibility for various kinds of crisis, a mindfulness structure 

is conflated with three of the four categories in the Cynefin framework to provide the proposed 

decision-making framework during crisis. Cynefin is a conceptual framework developed by David 

Snowden which, among other things, offers a categorisation of decision contexts under four 

categories namely: simple, complicated, complex and chaotic (Snowden and Boone, 2007). The 

classification of a crisis situation is thus reviewed under the complicated, complex and chaotic 

contexts. 

Insert Figure 2 

Complicated Crisis 

In complicated crisis, risks are known but outcomes may be ambiguous or contain several right 

answers; there may also be the potential for catastrophic mistakes (Snowden and Boone, 2007). Even 

though there is a clear relationship between cause and effect, it is not readily apparent to all and 

hence often requires expertise. In order to make decisions under this domain, there is the need to 

create visibility through information sharing on the disruption that has occurred. This is achieved by 

collaborating with partners particularly at the point of disruption (Roberts et al., 1994) in the supply 

chain. Once there is sufficient information it must be analysed to identify the appropriate expertise 

and resources required for response through pre-planned procedures. When decisions require higher 

accountability or are political in nature, responsibility must shift higher the organisational hierarchy 

within the supply chain firm addressing the disruption or towards the focus organisation.  

Considering that it is the state of knowledge about disruptions that determine which of the crisis 

domains they may fall under, it is desirable that there is significant knowledge about as many possible 

disruptions as is possible so that cause and effect relationships are known and forecastable. To achieve 

this, sufficient investment must be made in risk management in order to identify risks and prescribe 

appropriate mitigative actions and protocols. This requires commitment from top management to 

ensure the institution of a risk management culture and to provide appropriate training programmes, 

contingency planning, simulation exercises and drills that will equip employees with the necessary 

skills to respond to such disruptions.  

Another crucial formative element required to facilitate decision making under the complicated 

domain is collaboration; it helps create the needed awareness and visibility. Further, it is also expected 

that the needed investments to provide redundancy or flexibility to address identified risks will be 

provided accordingly so that uncertainties in decision making are significantly reduced and options 

available to decision makers are clear and obvious. 



 

 

Complex Crisis 

Unlike in a complicated context where at least one right answer exists, in a complex context, it is 

extremely difficult to ferret right answers out (Snowden and Boone, 2007); there is a lot of 

uncertainties. Here, cause and effect relationships become apparent only in retrospect. Therefore, to 

facilitate decision making, there is the immediate need to create visibility across the supply chain 

through collaboration within the focus organisation and also within the supply chain partner who has 

experienced the disruption. This is extremely critical because at the time of such disruptions, the lack 

of clarity on cause and effect relationships means that predetermined course of action is not useful 

here – unlike in the complicated domain. Useful information in this case can be obtained from 

employees as well as public persons who witnessed the disruption. With significant insight gained 

within the shortest possible time, a cross-sectional team of experts may be assembled to respond as 

required. 

When dealing with complex technological or technical issues where available information has made 

required actions fairly clear, decisions need to be made by experts right where the action is occurring 

(Roberts et al., 1994). Complex managerial problems however require a more experimental mode of 

management (Snowden and Boone, 2007). Top management (particularly of focus organisation) must 

maintain visibility always to ensure responsive decision making in the face of new information and/or 

changing circumstances.  

In the aftermath of complex crisis, behavioural patterns may emerge and be discernible but there are 

no perfect repetitions. Thus, in order to learn and be in a better position to avoid or respond to similar 

disruptions in the future, alternative scenarios can be tested using simulation and discussions within 

cross-sectional and inter-organisational teams. The aim is to try and move future occurrences as much 

as possible into the complicated domain where pre-planned procedures and protocols may prove 

useful. A learning and reporting culture engendered through supply chain collaboration is critical since 

teams need every available useful information to update contingency plans that may be useful in case 

such disruptions occur. 

Chaotic Crisis 

In chaotic crisis, cause and effect relationships are indiscernible (Snowden and Boone, 2007). Here, 

there is the need to establish order first and make meaning before rational decision making can 

proceed (Weick, 1987; Snowden and Boone, 2007). Immediately such disruptions occur, there is the 

need for top management to be informed immediately. Once informed, top management needs to 

attempt taking some form of action in order to determine the better options for response from the 

outcome(s) of their initial action. Such actions may include the quick creation of a team of experts 

from across the supply chain who may be able to attempt initial firefighting, isolation of point of 

disruption to see if order may be restored to the rest of the supply chain, and evacuation of personnel 

where there are high risks to human life. Documentation and tracking of decisions and their effects 

may prove useful at this stage.  

Even though things might be chaotic, there is also an opportunity for innovation from multi-skilled or 

highly experienced personnel within organisations; thus, the utility of training of staff for multiple 

competencies becomes obvious here since chaotic disruptions are often multi-layered. Human 

resource managers must ensure that such skilled personnel are given the needed incentives to remain 

in the organisation. There must also be mentorship programmes for skills transfer to ensure that the 

potential adverse impact of the departure or retirement of such personnel are somewhat mitigated.  



 

 

However, when lower-level expertise at the point of disruption is not enough to appropriately respond 

or there is high responsibility associated with required decisions, decision making must move up 

organisational hierarchy. There may be the need to engage the services of external expertise 

immediately some order is restored or when it is realised that in-house expertise is not enough. In 

such cases, agile and flexible contracting procedures are critical for timely response.  

Overall, the main thrust of this framework is that an enabling environment is created for individuals 

with higher experience and competence to be more likely the source of decisions and to be at the 

centre of decision networks (Roberts et al., 1994) especially in times of crisis. Further, application of 

this framework will ensure that most of the possible disruptions in a supply chain are moved into the 

complicated domain through forecasting and preplanning so that the occurrences of complex and 

chaotic crisis are extremely rare.  

 

Implications for practice and research 

This study has discussed the similarities in the formative elements of SCR and the characteristics of 

HROs and from this, the following implications for both practice and theory emerge. 

Practical Implications 

There is the need for context-specific interventions in SCR studies (Datta, 2017) so as to facilitate the 

successful implementation of proposed formative elements. The adoption of the Cynefin framework 

to define disruptions under the three crisis contexts in the decision-making framework of this study 

provides an appropriate contextualisation of crisis and the necessary actions to take to facilitate timely 

decision making. The findings indicate that commitment from top management is essential in the 

pursuit of SCR, particularly when it comes to making decisions under crisis. Managers have to 

understand that without their full commitment, it may be very difficult for their supply chains to attain 

any level of useful resilience. Investment of resources towards resilience must be viewed as securing 

business continuity and hence profitability rather than depleting profitability margins.  

Further, propositions on a HRO-type approach to risk avoidance for supply chains, how to foster trust 

for collaboration while maintaining openness with supply chain partners, documentation of critical 

decisions and their associated benefits have been made. Management can embrace the idea of a 

flexible organisational structure especially under crisis conditions to ensure that the most competent 

individual is in a position to take the critical decisions. This will mean that there may be instances 

where major technical decisions will be taken by experts who may be at lower hierarchical levels while 

top management focuses on creating order and facilitating these decisions through collaborations 

with supply chain partners. This can ensure flexible decision-making processes within the supply 

chains, which is critical for its resilience (Hohenstein et al., 2015; Tukamuhabwa et al., 2015; Ali et al., 

2017).  

In all three crisis contexts in the proposed decision-making framework, collaboration with supply chain 

partners in the event of a disruption is among the initial requisite actions. This is needed to create 

visibility and awareness so that decision makers are equipped adequately to make the most 

appropriate decisions (Kamalahmadi and Parast, 2016). This therefore establishes collaboration as a 

crucial formative element which must be prioritised by managers particularly during crisis. In addition 

to managerial commitment and collaboration, the formative elements of human resource 

management and culture (risk managing, learning and reporting) have been shown as necessary 

facilitators of good decisions towards resilience during crisis. Therefore, managers have been put in a 



 

 

position to optimise these within their organisations to create the most appropriate decision-making 

enabling environment in case of disruptions.  

Research implications 

This study has brought to fore the usefulness of High reliability theory in broadening the 

understanding of resilience in supply chains (Ali et al., 2017; Linnenluecke, 2017) and has shown that 

current knowledge, conceptualisation and application of known formative elements of SCR can be 

expanded through transferrable lessons from HROs. For example, it has pointed out the need to 

explore the ideas of a resilience culture and decision redundancy as well as the need to address the 

current gaps in the literature on how trust is built between supply chain partners to improve 

collaboration for SCR. It has also pointed out how individual flexibility in thinking and the disaster 

response of employees in a given supply chain influence its resilience. By this use of HRT, this paper 

has contributed to meeting the need for theoretical application to ground the usefulness of SCR in the 

management of supply chains (Pereira et al., 2014; Tukamuhabwa et al., 2015). The utility of the 

Cynefin framework in categorising different crisis situations has been highlighted and this can prove 

helpful in contextualising specific interventions targeted at improving SCR (Datta, 2017). 

This study has shown that beyond its practical implication, the commitment of top management must 

also be considered as a SCR formative element. This can be seen in its utility in both HROs and SCR, 

especially how it facilitates many of the other characteristics and formative elements respectively. 

Beyond the likelihood of poor decisions by managers compounding the vulnerability of supply chains 

to exogenous threats (Christopher and Peck, 2004; Tukamuhabwa et al., 2015), management’s 
commitment shown through resource investment and the creation of an enabling environment, can 

be seen as a vehicle through which supply chains can organise for resilience.  

Finally, this paper indicates by its discussion of decision making in HRO and SCR literature and the 

consequent proposed framework that decision making strategies can be a useful area to explore for 

additional ways to build SCR beyond the highly proposed formative elements of flexibility, 

redundancy, agility and collaboration (Tukamuhabwa et al., 2015). By being the first SLR of HROs in 

SCR studies, this paper shows the widespread acknowledgement in the HRT literature of the centrality 

of decision making in the ability of HROs to achieve and maintain their high levels of reliability.  

 

Limitations and Future research  

A limitation of this research as is with all others that adopt SLR is the imperfect nature of the 

judgement of articles and the selection. Furthermore, the analysis of the information and synthesis 

are influenced by the research background and social constructs of the researchers (Datta, 2017) and 

these biases are herein acknowledged albeit sufficient efforts were invested to neutralise them. Also, 

the restriction of the articles to be included for the SLR to only ABS-ranked journals and the time span 

used may have prevented the inclusion of some articles which could have provided useful information. 

For instance, articles on HROs from the health sciences (such as Baker et al., 2006; Christianson et al., 

2011 and Lekka, 2011) could not be included in the SLR. Lastly, because the paper focused on 

identifying the similarities in SCR formative elements and the characteristics of HROs, it failed to 

provide in-depth discussions on the other formative elements which were not relevant to it. 

Regardless of these limitations, insights from this study reveal a number of gaps that hold exciting 

prospects for future research. The first is that there is the need to further explore the role that 

decision-making plays in the creation of SCR. Current research (such as Fahimnia and Jabbarzadeh, 



 

 

2016; Hasani and Khosrojerdi, 2016; Jabbarzadeh et al., 2016; Fattahi et al., 2017 and Govindan et al., 

2017) have largely focused on proposing quantitative models to guide network design decision-

making for resilience. However, there is the need to go beyond network design and look at decision 

making in other aspects of the management of supply chain for resilience including operations, 

distribution and procurement decisions. Attention must be given to the qualitative aspects of decision 

making such as providing empirical data on the enablers of decision-making during crisis. The testing 

of the proposed framework of this study could be a great starting point. Secondly, having pointed out 

the need to identify managerial commitment as a formative element, research into the role that 

managers’ perception of resilience, their individual resilience and their risk personalities play in their 

approach to SCR will be useful.  

As changes in climate are becoming more obvious and the population of the world also increases, the 

occurrences and impacts of both slow-onset disasters (such as famines, drought, political crises) and 

sudden-onset disasters (such as flooding, earthquakes, hurricanes, coup d’états) are on the 

ascendency in the past couple of decades compared to previous decades (Guha-Sapir et al., 2016). It 

is therefore important to investigate further the need for resilient supply chains for the future, not 

only in the commercial ones but quite significantly in humanitarian supply chains as well and the 

impact these recent trends have on global sourcing and distribution. Moreover, a research into how 

the sustainability of supply chain partners can affect an organisation’s SCR may provide useful insight 
into the kind of attention organisations need to give to their suppliers and distributors in the areas of 

employee remuneration, sources of raw material, green production and fair trade.  

Finally, in terms of the transferability of HRO lessons into other fields of study and practice, the health 

and medical sciences have led the way in exploring and implementing HRT concepts in hospitals and 

care centres over the past two decades. Examples of such studies include Knox et al. (1999), Roberts 

et al. (2005), Carroll and Rudolph (2006), Pronovost et al. (2006), Bagnara et al. (2010), Chassin and 

Loeb (2013), Provost et al. (2015), Lane et al. (2016), Aboumatar et al. (2017), Padgett et al. (2017) 

and  Sutcliffe et al. (2017). With this study being the first to introduce HRT principles into SCR, there 

is the need for further studies into the usefulness and applicability of these in creating more resilient 

supply chains. 

 

Conclusion 

The increasing spate of the frequency of disasters and their consequences on supply chains globally 

reinforce the need for resilient supply chains capable of avoiding, enduring or recovering from the 

aftermath of disasters as well as disruptions either within an organisation or its supply chain. 

Considering that HRT research has shown organisations that have the ability to avoid accidents and 

operate at very high levels of safety, this research has systematically reviewed its literature to identify 

HRO characteristics and SCR literature to identify proposed formative elements. These answered the 

first two research questions of this research. Then similarities between the characteristics and 

formative elements are discussed under human management resources, avoidance, redundancy, 

flexibility, culture, agility, collaboration and decision making where useful lessons from HROs that can 

aid in the development of resilient supply chains are pointed out.  

Findings have indicated that despite the significant similarities in the characteristics of HROs and the 

proposed SCR formative elements, the approach and applications are quite different. It is from these 

that the lessons are largely pointed out. However, it establishes that commitment from top 

management is deemed critical in HROs whereas it receives no such attention in SCR literature. This 



 

 

is therefore strongly posited as something worth pursuing towards attaining resilience in supply 

chains. However, the major lesson identified from this research is the centrality of flexible decision-

making structures in HROs and how this underpins their success in the attainment of high reliability. 

To this end, a flexible decision-making framework which is adapted from a combination of Roberts et 

al.’s (1994) model of flexible decision making in HROs and three of the four domains of the Cynefin 

framework (Snowden and Boone, 2007) is presented. This framework is to help contextualise different 

types of disruptions and the actions required to facilitate effective decision making by the most 

competent persons regardless of their hierarchical position in the organisation(s) involved. 

This research has significant implications for practitioners and SCR research. It amplifies the role of 

management in the pursuance of SCR and provides managers with lessons and a guiding framework 

for decision making by which major strides towards the attainment of resilience in their supply chains 

can be pursued.  
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FIGURES 
 

Figure 1 Summary of review process for study selection 

 

 



 

 

Figure 2 A framework for flexible decision making under crisis situations in supply chain networks 

(Adapted from Roberts et al., 1994 with inputs from Snowden and Boone, 2007) 

 

 

 

 



 

 

TABLES 
 

Table 1 Keywords used to identify papers on SCR and HROs 
 

Keywords Search strings Databases (hits) 

 

Supply Chain 

Resilience 

supply chain resilience supply chain resilien* 

OR  

supply chain vulnerab* 

OR  

supply chain risk* 

EBSCO (272) 

resilient supply chain Emerald (233) 

supply chain risks Taylor and Francis (218) 

supply chain disruptions Wiley online Library (164) 

supply chain vulnerability   

 

High Reliability 

Organisations 

High reliability organisations  

 

high* reliab* 

EBSCO (107) 

High reliability theory Emerald (27) 

High reliability Taylor and Francis (77) 

highly reliable Wiley online Library (90) 

reliable organisations   

 

Table 2 Formative elements of SCR and the frequency of citations 

SCR Formative element Number of Articles Percentage 

Collaboration 74 69.16% 

Flexibility 73 68.22% 

Redundancy 64 59.81% 

Agility 53 49.53% 

Decision making 41 38.32% 

Security (IT, Insurance) 31 28.97% 

Culture 23 21.50% 

Robustness 21 19.63% 

Integration 20 18.69% 

Avoidance 19 17.76% 

HRM 18 16.82% 

Sustainability 8 7.48% 

Logistics capability 8 7.48% 

 

 

Table 3 Number of citations of HROs in literature 

Examples of HROs Number of citations Percentage 

Air Traffic Control 14 77.78% 

US navy Aircraft carrier 13 72.22% 

Nuclear Plant 11 61.11% 

Electricity Distributing Company 6 33.33% 

Nuclear Submarine 3 16.67% 

Firefighting 2 11.11% 

 



 

 

Table 4 Citations of HRO characteristics  

HRO Characteristics Number of articles Percentage 

Decision making 16 88.89% 

Culture 15 83.33% 

Flexibility 12 66.67% 

Preoccupation with failure 12 66.67% 

Deference to expertise 11 61.11% 

Redundancy 10 55.56% 

Teamwork 10 55.56% 

Organizational structure 9 50.00% 

Reluctance to simplify 8 44.44% 

Management commitment 7 38.89% 

Human Resource Management 6 33.33% 

Risk Management 4 22.22% 

Trust 4 22.22% 

Awareness 3 16.67% 
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Mabert and Venkataramanan 1998 
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Smeltzer and Siferd 1998 
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Wilding 1998 
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Zsidisin and Hendrick 1998 ✓ 
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Hall 1999 
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Tang 2006 
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Tomlin 2006 
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Manuj and Mentzer 2008 
  ✓ ✓ ✓ 

   ✓ 
    

Bakshi and Kleindorfer 2009 
  ✓ 

        ✓ 
 

Braunscheidel and Suresh 2009 
   ✓ 

  ✓✓ 
 ✓ 

 ✓ ✓ 
 

Knemeyer et al. 2009 
        ✓ ✓ 

 ✓ ✓ 

Oke and Gopalakrishnan 2009 
  ✓ 

     ✓ ✓ 
 ✓ 

 

Pereira 2009 
     ✓ ✓ 

 ✓ 
  ✓ ✓ 

Ponomarov and Holcomb 2009 
  ✓ ✓ 

  ✓ ✓ ✓ ✓ 
 ✓ ✓ 

Trkman and McCormack 2009 
        ✓ ✓ 

  ✓ 

Colicchia et al. 2010 
 ✓ ✓ 

 ✓ 
   ✓ 

  ✓ 
 

Klibi et al. 2010 
   ✓ ✓ ✓ 

  ✓ ✓ 
  ✓ 

Melnyk et al. 2010 
  ✓ 

 ✓ 
 ✓ 

  ✓ ✓ ✓ 
 

Pettit et al. 2010 
 ✓ ✓ ✓ 

  ✓ 
 ✓ ✓ ✓ ✓ 

 



 

 

Yang and Yang 2010 
        ✓ ✓ 

 ✓ 
 

Zsidisin. and Wagner 2010 
        ✓ ✓ 

 ✓ 
 

Blackhurst et al. 2011 
 ✓ ✓ 

   ✓ 
 ✓ ✓ 

 ✓ ✓ 

Blome and Schoenherr 2011 ✓ 
   ✓ 

   ✓ 
  ✓ 

 

Bode et al. 2011 
      ✓ 

 ✓ ✓ 
 ✓ 

 

Christopher and Holweg 2011 
      ✓ 

 ✓ ✓ 
 ✓ 

 

Jüttner and Maklan 2011 
 ✓ 

   ✓ 
  ✓ ✓ 

 ✓ ✓ 

Lengnick-Hall et al. 2011 
 ✓✓ 

    ✓ 
 ✓ 

 ✓ 
 ✓ 

Manuj and Sahin 2011 
 ✓ 

 ✓ 
    ✓ 

 ✓ ✓ ✓✓ 

Tang and Musa 2011 
  ✓ 

 ✓ ✓ ✓ ✓ ✓ ✓ 
 ✓ ✓ 

Thun and Hoenig 2011 
  ✓ 

 ✓ 
   ✓ ✓ 

 ✓ 
 

Cabral et al. 2012 
   ✓ 

  ✓ 
  ✓ 

  ✓ 

Carvalho et al. 2012 
      ✓ 

 ✓ ✓ 
 ✓ 

 

Colicchia and Strozzi 2012 
  ✓ 

 ✓ 
   ✓ 

  ✓ ✓ 

Ishfaq 2012 
       ✓ ✓ 

    

Kern et al. 2012 
           ✓ ✓ 

Klibi and Martel 2012 
    ✓ ✓ 

  ✓ ✓ 
  ✓ 

Schmitt and Singh 2012 
      ✓ 

 ✓ ✓ 
   

Spiegler et al. 2012 
  ✓ 

  ✓ ✓ 
 ✓ ✓ ✓ ✓ 

 

Wieland and Wallenburg 2012 
     ✓ 

       

Golgeci and Ponomarov 2013 
      ✓ 

 ✓ 
    

Grötsch et al. 2013 
    ✓ 

 ✓ 
    ✓ ✓ 

Hearnshaw and Wilson 2013 
  ✓ 

   ✓ 
 ✓ ✓ 

 ✓ 
 

Ivanov and Sokolov 2013 
  ✓ 

  ✓ ✓ 
 ✓ ✓ 

 ✓ 
 

Johnson et al. 2013 
 ✓ 

    ✓ 
 ✓ ✓ 

 ✓ 
 

Pettit et al. 2013 
 ✓ ✓ 

   ✓ 
 ✓ ✓ 

 ✓ 
 

Wieland 2013 
     ✓ ✓ 

 ✓ ✓ 
  ✓ 

Wieland and Wallenburg 2013 
     ✓ ✓ 

    ✓ 
 

Beske and Seuring 2014 ✓ 
 ✓ ✓ 

   ✓ 
   ✓ 

 



 

 

Brandon‐Jones et al. 2014 
  ✓ 

  ✓✓ 
  ✓ 

  ✓ 
 

Chopra and Sodhi 2014 
      ✓ 

 ✓ ✓ ✓ 
 ✓ 

Pereira et al. 2014 
   ✓ 

  ✓ 
 ✓ ✓ 

 ✓ 
 

Revilla and Sáenz 2014 
          ✓ 

  

Sáenz and Revilla 2014 
    ✓ 

     ✓ ✓ ✓ 

Scholten et al. 2014 
     ✓ ✓ 

 ✓ ✓ 
 ✓ ✓ 

Soni et al. 2014 ✓ 
 ✓ 

   ✓ 
   ✓ ✓ ✓ 

Urciuoli et al. 2014 
  ✓ 

    ✓ ✓ ✓ ✓ ✓ 
 

Ambulkar et al. 2015 
      ✓ 

  ✓ 
 ✓ 

 

Durach et al. 2015 
 ✓ 

  ✓ ✓✓ ✓ 
   ✓ ✓ 

 

Ho et al. 2015 
     ✓ ✓ ✓ ✓ ✓ 

 ✓ ✓ 

Hohenstein et al. 2015 
 ✓ 

    ✓ 
 ✓ ✓ ✓ ✓ ✓ 

Sadghiani et al. 2015 
         ✓ 

  ✓ 

Scholten and Schilder 2015 
      ✓ 

 ✓ 
  ✓✓ 

 

Torabi et al. 2015 
      ✓ 

 ✓ ✓ 
 ✓ ✓ 

Tukamuhabwa et al. 2015 ✓ 
 ✓ 

   ✓ ✓ ✓ ✓ ✓ ✓ 
 

Fahimnia and Jabbarzadeh 2016 ✓✓ 
     ✓ 

 ✓ 
   ✓ 

Hasani and Khosrojerdi 2016 
     ✓✓ ✓ 

 ✓ ✓ 
  ✓ 

Jabbarzadeh et al. 2016 
            ✓✓ 

Kamalahmadi and Parast 2016 
     ✓ ✓ 

 ✓ ✓ ✓ ✓ 
 

Nooraie and Parast 2016 
      ✓ 

  ✓ 
   

Spiegler et al. 2016 
        ✓ ✓ 

 ✓ 
 

Thomé et al. 2016 
      ✓ 

 ✓ ✓ 
 ✓ 

 

Wieland et al. 2016 
         ✓ 

   

Ali et al. 2017 ✓ 
 ✓ ✓ 

 ✓ ✓ 
 ✓ ✓ ✓ ✓ 

 

Brusset and Teller 2017 
   ✓ ✓ 

   ✓ ✓ 
 ✓ 

 

Datta 2017 
 ✓ ✓ ✓ 

  ✓ 
 ✓ ✓ ✓ ✓ ✓ 

Fattahi et al. 2017 
     ✓ ✓ 

 ✓ 
   ✓ 

Govindan et al. 2017 
  ✓ 

  ✓ ✓ 
 ✓ ✓ 

  ✓✓ 



 

 

Linnenluecke 2017 
 ✓ 

    ✓ 
 ✓ ✓ 

 ✓ 
 

NB. ‘✓✓’ implies this formative element formed the core of the cited study. 

 

Table A2 HRO characteristics and cited HROs 

Author(s) Year Cited HROs HRO Characteristics 
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Roberts 1990 
 ✓ ✓ ✓✓ 

 ✓ ✓ ✓ 
 ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Schulman 1993 ✓✓ 
     ✓ 

 ✓ ✓ ✓ ✓ 
 ✓ ✓ 

 ✓ ✓ ✓ 
 

Weick and Roberts 1993 
  ✓ ✓ 

     ✓ ✓ ✓✓ 
    ✓ ✓ 

  

Roberts et al. 1994 
  ✓✓ 

    ✓ 
 ✓ ✓ ✓ ✓ ✓ ✓ 

  ✓✓ 
  

Klein et al. 1995 ✓✓ 
 ✓✓ ✓ 

       ✓ 
 ✓ 

   ✓ ✓✓ 
 

Bierly and Spender 1995 
 ✓ ✓ ✓ 

 ✓ 
   ✓ ✓ ✓ 

 ✓ 
 ✓ ✓ 

 ✓✓ ✓ 

Frederickson and LaPorte 2002 ✓ ✓ ✓ ✓ 
 ✓ 

 ✓ ✓ ✓ ✓ 
 ✓ ✓ 

 ✓ 
 ✓ ✓ ✓ 

Shapiro and Jay 2003 
        ✓ 

  ✓ ✓ ✓ ✓ 
  ✓ ✓ 

 

Smart et al. 2003 ✓ 
 ✓ ✓ 

   ✓ 
  ✓ 

 ✓ 
  ✓ 

 ✓ ✓ 
 

Fiol and O’Connor 2003 ✓ 
 ✓ 

      ✓ 
  ✓ ✓ ✓ 

  ✓✓ ✓ 
 

Waller and Roberts 2003 
         ✓ 

       ✓ 
  

Vogus and Welbourne 2003 ✓ 
 ✓ ✓ 

    ✓ ✓ 
  ✓ ✓ ✓ ✓✓ 

 ✓ ✓ 
 

Heimann 2005 
  ✓ ✓ 

   ✓ ✓ ✓ ✓ 
       ✓ 

 



 

 

Boin and Schulman 2008 ✓ 
 ✓ ✓ 

  ✓ ✓ 
   ✓ ✓ ✓ ✓ ✓ 

 ✓ ✓ 
 

Leveson et al. 2009 ✓ ✓ ✓ ✓ ✓ 
  ✓ 

 ✓ ✓ 
 ✓ 

    ✓ ✓ 
 

Saleh et al.  2010 ✓ ✓ 
 ✓ ✓ 

 ✓ ✓ ✓ ✓ ✓ 
 ✓ ✓ 

   ✓ ✓ 
 

Bourrier 2011 ✓ ✓ ✓ ✓ 
       ✓ 

     ✓ ✓ 
 

Linnenluecke 2017 ✓ 
 ✓ ✓ 

   ✓ ✓ 
  ✓ ✓ ✓ ✓ 

  ✓ ✓ 
 

NB. ‘✓✓’ implies this characteristic was central to the cited study 


