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Abstract:  It has become an unfortunate truism that most engineered change initiatives in 
organizations fail. One of the primary reasons that the expectations for especially large 
technological changes are so rarely realized is a lack of attention given to the necessary 
and unavoidable interactions that occur between technological and psycho-social 
dimensions of new system designs. In this paper, we build a theoretical argument for 
taking a broader approach to performability engineering that views the psycho-social 
dynamics as a critical aspect of successful organizational performance. We ground this 
argument on a socio-technical systems theory foundation that has been used for more than 
50 years to explain technological change failures as well as to design and implement 
successful change initiatives that encompass all of the different elements of the system 
design within an organizational context. The paper concludes with insights into some of 
the benefits and challenges to applying a social-technical systems theory perspective to 
performability engineering in empirical settings.  
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1.   Introduction 

In today’s business environment, the rules of the game are in constant flux, being fuelled 
by rapid changes in technology and increasingly intense stakeholder 
expectations.  Remaining competitive and securing future growth under these 
circumstances is thus highly dependent on the organization’s ability to improve its overall 
performance at the product, service, process and/or functional levels. The traditional 
approach to performance improvement has focused primarily on technology and a variety 
of technical techniques have been introduced to assist managers in optimizing business 
operations. Methods developed to assure quality are good examples of this predominant 
focus on technology, where engineering efforts have been directed towards reducing 
variation and/or deviations in order to ensure compliance with the predefined 
specifications. Such quality assurance methods may however only be appropriate in 
vertically structured work systems, where the operator is provided with (negative) 
feedback in the form of specified corrective measures to be implemented. On the other 
hand, with horizontally structured work systems operators are expected to possess 
sufficient insight into the way different processing steps depend on and/or influence one 
another so that informed modifications can be made at an earlier operational stage, before 
any form of negative feedback could be registered by the system.  
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Thus, the two systems often referred to as hard or soft systems depending on the degree to 
which they focus on technology versus psycho-social characteristics, are quite different in 
design, each encompassing a different set of assumptions regarding the expected behavior 
of the employees using them. All too frequently, systems are designed without careful 
consideration of these assumptions, which invariably leads to failure.  

Human factors are often blamed when expectations for newly implemented 
technology are not realized A classic example here is when an organization attempts to 
introduce electronic information technology or knowledge-sharing systems to replace 
physical processes. For the engineer, the primary focus is on ensuring the quality of the 
technology itself and how the new system will fulfill the required technical specifications 
rather than on how employees must adapt to changes in their habits and routines in order 
to use the system effectively. If the employees were not involved in the decision and 
design phases, resistance to the changes seeded by fears of skill inadequacy and/or 
possible job obsolescence may occur. Moreover, the use of electronic technologies may 
require a degree of learning and knowledge sharing amongst employees that is not 
supported by the existing organizational culture (e.g. through competitive pay schemes 
that reward individual performance and expert knowledge), thus increasing the likelihood 
that the implementation will be problematic.  

More importantly perhaps is that failure to involve employees in the planning, 
development, and implementation of new technologies may seriously limit employees´ 
ability to solve problems effectively when technical errors arise, as Kray and Galinsky [1] 
suggest was the case with the Space Shuttle Challenger accident in 1986. More 
specifically, they suggest that NASA officials lack of genuine involvement in the 
technical design phase the failure of NASA officials to apply a systematic approach to 
decisions based on assessments of interactions between nature (e.g. air temperature) and 
technology exacerbated a technical flaw with the O-ring with disastrous effects and that f. 
Whether involvement of the officials in the development of the technology would have 
ensured a more systematic perspective that could have diverted this disaster can only be a 
matter of conjecture at this point; however, it is difficult to imagine that the decision-
making capacity of those involved would not have been improved by participation in the 
technological development.  On the other hand, there is little doubt that the development 
process would have been considerably more complicated given participation of these 
officials who may have lacked the scientific and technical knowledge the engineers 
possessed.  

The increased complexity created by involving employees with less or no technical 
knowledge may be a principal reason that the human dimension of operations 
management is often ignored. Scientific models are generally not equipped to manage the 
potentially messy and psychological “soft factors” that may exert influence on the system 
dynamics [2].   Succumbing to the temptation to ignore the human dimension, however, 
may have a long reaching detrimental impact on targeted campaigns for process 
engineering [3,4]. When implementing major changes, effective management involves 
emphasizing the work to be done (i.e. the technical orientation) as well as the human or 
organizational orientation (i.e. the people to do the work) [5]. Although at some level we 
all recognize the importance of integrating the technical and social aspects of the work 
when undertaking major technological change initiatives, applying these principles in 
practice appears to be a daunting challenge for most.  
     The aim of IJPE is to provide a holistic approach to engineering design and 
manufacturing processes that does not neglect any central features of performance 
effectiveness. Looking at the front cover of the journal, we readily see that performability 
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is both a matter of dependability and sustainability. Dependability encompasses safety and 

survivability—the latter defined by quality, reliability and maintainability. But how do we 
interpret these concepts? Individually and collectively, these concepts can be viewed 
solely from a technical perspective that emphasizes the “nuts and bolts” of the system 
design while downplaying or ignoring the social and environmental interactions that 
impact—and are impacted by—the systems we build. Alternatively, we can increase our 
awareness of the interactions between psychological, social, economic, and technological 
factors that influence performance. This invited review seeks to take a step in that 
direction by making explicit the human dimension of performability engineering, building 
solidly on the premise that long term viability can only be ensured when the importance of 
dynamic human factors are addressed along with any technical approaches to performance 
improvement.  
     A natural point of departure for this review is therefore socio-technical system (STS) 
theory, which is presented in the following section of the paper, starting with its historical 
beginnings and then continuing on to a summary of current applications in diverse 
contexts. Thereafter, the potential for applying STS to support performability is discussed, 
and implications for use of the theory are provided.     

2.   Revisiting the Socio-technical Design: A Soft System Performability Approach 

The socio-technical systems tradition has its roots in open systems theory from physics 
and biology [6]. It was subsequently imported to the social sciences by Trist and Bamforth 
[7] after observing how the introduction of new technology and production methods 
resulted in dramatic decreases in all aspects of performance because the new system failed 
to address the inherent interactions that occur between technical and the social systems. 
More specifically, engineers had designed a type of assembly line process (the “composite 
long wall method”) that was expected to be much faster and more effective than the 
traditional (i.e. hand-harvesting) method used by the coal miners. This process design 
neglected to take into account the value of the social relationships the hand-harvesting 
method afforded, for example by allowing the miners to work at their own pace, to trade 
off between heavier/lighter tasks, and to have constant interaction with their co-workers, 
all of which was particularly meaningful to coal miners due to the dangerous work they 
performed.  
     This study was an important stepping stone towards establishment of the Tavistock 
Institute of Human Relations and the birth of socio-technical system (STS) as described 
by Emery and Trist [8]. In the decades that followed, STS served as the basis for countless 
studies on job design, including how job enrichment and enlargement could increase job 
motivation and has consequently been referred to as an integrated theory of work design 
[9]. Mumford [10] expands this understanding of STS by describing it as “a process and a 
humanistic set of principles  ... associated with technology and change”, which 
emphasizes the notion that organizations are more than simply repositories of tasks 
systems, structural entities and/or human systems [11]. Further, technology and human 
activity are necessarily and mutually interdependent requiring joint optimization (i.e. of 
both subsystems) in order to realize performance improvement [12].  
     Another critical tenet of STS that derived from its foundation in an open systems 
theory framework is that there is a semi-permeable boundary between the organization 
and its operating environment, and that the dynamics of the external environment 
influence the way in which inputs (raw materials, technology) are transferred into outputs 
(new goods and services) [13]. The technical and social subsystems coexist within this 
structure and are dually impacted by external forces; however, because the technical 
subsystem is static, the social subsystem must accommodate any changes made necessary 
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by these (and other) forces. Moreover, changes in any one aspect of the system may exact 
changes (planned or otherwise) in any or all of the other components. In a now classic 
publication, Albert Cherns [14] summarizes these and additional critical characteristics of 
STS design in a “checklist” comprised of the following principles: compatibility (i.e. 
design process fulfills its purpose); minimal critical specification (i.e. only essential 
elements included; no unnecessary detail); socio-technical criteria (e.g. local control); 
multi-functional; boundary management (e.g. through alleviation of political barriers to 
work team process ownership); information flow to end user; support congruence with 
social environment; design and human values to emphasize quality of working life; and, 
incompletion (i.e. acknowledgment of the iterative and continuous process of process and 
system design). These principles have since been elaborated upon to accommodate 
different application contexts, such as internet based ICT[15-20].  
     It is the responsibility of management to prepare for future changes through 
strategizing and goal setting. The first step in this process involves identifying the specific 
behaviors needed to achieve the desired (future) state and then planning how they can be 
carried out within the organizational context (e.g. with available technology, manpower, 
etc). As a result of a variety of interactions and feedback processes associated with 
implemented technical optimization and psycho-social dynamics, these planned behaviors 
become actual behaviors during the throughput process (i.e. as inputs are transformed to 
outputs). Given the dynamics of the interactions between the technical and social 
subsystems, deviation from the intended behaviors often tends to be the rule rather than 
the exception. These deviations are in turn reflected in the output, which may be 
substantially different than expected or intended.  
     Thus, the inherent systems perspective of STS recognizes that systems – natural as 
well as social – are influenced by complex subsystem interrelationships and dynamic 
feedback mechanisms, i.e. how temporary and unintended system-level order emerges 
spontaneously from actors, repeated activities, and interactions of lower-level system 
constituents without the intervention of hierarchical coordination and/or control [21]. 
When circularity of action exists between individual components or part of a dynamic 
system, feedback is recognized to be present [22]. Feedback mechanisms may accelerate 
or enhance the output created by a stimulus that has already been activated – i.e. positive 
feedback, while other mechanisms may reduce the output back or below to its normal 
range of functioning, i.e. negative feedback [23]. Consequently, these potential ’noises’ or 
effects need to be taken into consideration when aiming at improving performance in 
different part of the work system. 

3.   Application of Socio Technical Theory 

Insights from the STS tradition have led to recognition that (i) the work system needs to 
be conceived as a set of activities that constitute a whole rather than a simple sum of 
individual jobs; (ii) the (work) group should be seen as more central than the individual 
worker; (iii) internal regulation of the work system is preferable to external supervisory 
regulation of individual components; (iv) work design should be based on redundancy of 
functions rather than redundancy of parts; and (v) human beings should be perceived as 
complementary to rather than an extension of technology [24].  In other words, STS 
posits a system behavior model that cannot be maintained by simple aggregation of 
models of the components created separately [25].  In terms of application, Pasmore [25] 
identifies three key design principles: (i) an optimal design of a productive system is one 
in which each part of the system embodies the overall goals of the entire system; (ii) a 
system where the parts should be perceived as self-managing to the extent where they can 
cope with problems by rearranging their own use of resources and (iii) systems where the 
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individual members that constitute the parts of the system are multi-skilled to the extent 
that it allows them to cope with anticipated needs for rearrangements necessitated by 
problems and/or opportunities that might arise (p. 5).  
     Undoubtedly the most pervasive example of STS in practice is the semi-
autonomous/self-regulating work/self-managed team, where the process by which whole 
products or services (versus the separate elements) are generated is based on decisions 
made by the group rather than by management. The most well-known self-managed work 
teams based on STS were those established by Volvo at the plant in Udvella, Sweden in 
the late 1960’s-70’s [26]. Perhaps due to the compatibility of STS with a number of 
organizational (e.g. management) and cultural factors (e.g. high collectivism), self-
managed teams were highly effective at Volvo, even though mostly automated assembly 
lines were applied almost exclusively in other automobile factories [27]. Although the 
transition from traditional shifts to autonomous teams was gradual as the employees 
developed new skills both directly (e.g. becoming increasing multifunctional so as not to 
be restricted to single machines and/or tasks) and indirectly (e.g. communication, 
cooperation, decision-making) related to their daily work functions, the process was 
planned from the start according to principles of STS. Then, as the teams’ skill repertoire 
expanded, they were eventually able to contribute not only to the design and redesign of 
individual processes such as inventory control and delegation of duites, but also to the 
design of entire production systems (e.g. production layout, recruitment and training of 
teams) [26,27]. Moreover, the work teams at the Volvo factory also assumed 
responsibility for planning and conducting quality improvements, demonstrating that the 
basic tenets of STS could be extended to wide-spread technological and organizational 
change processes.  
     According to Margulies and Colflesh [11], STS theory can be used to guide and 
direct diagnosis and implementation of necessary organizational changes while at the 
same time taking into account complex relationship between human beings, tasks, 
management and technology [11]. Change initiatives such as Continuous Improvement 

(CI), Total Quality Management (TQM), and Process Engineering (BPR) all apply 
principles of STS (albeit often implicitly) to the design and implementation of 
performance improvement, although prioritizing of technical versus social factors differs 
considerably between the approaches. On the one end of the spectrum in terms of a 
prioritizing the socio versus technical perspective is CI which attempts to effect 
incremental improvements through organization-wide participation [28], most often by 
shop floor teams that integrate problem-solving methods into their daily operations. 
Ultimately, CI depends on the establishment of a learning environment, where 
experiences are shared and built upon. Thus, social interactions that allow for learning and 
knowledge sharing are an integral aspect of successful CI [29]. Focusing on product and 
service quality improvement to better satisfy customer demands, TQM relies more on 
expert knowledge than shop-floor operators (e.g. quality assurance staff, engineers) to 
establish parameters for process changes that result in performance (and quality in 
particular) enhancement [30]. In its ideal form, TQM is viewed as a holistic managerial 
philosophy that involves greater decentralization to teams and employee empowerment; 
however, practical applications may reflect a tendency to focus primarily on the technical 
aspects (e.g. techniques and tools) [31].  At the far extreme lies BPR, this requires 
fundamentally new design paradigms in order to realize radical performance 
improvements [32]. The “human” element to BPR comes into play as all employees learn 
to carefully scrutinize all activities to determine whether they constitute key work process 
that contribute directly to fulfilling customer demands.   
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     Applications of STS principles are no longer restricted solely to manufacturing 
environments, as evidenced for example by the information system development 
methodology referred to as Ethics (Effective Technical and Human Implementation of 
Computer-based Systems), which was created by Enid Mumford in the 1970’s [19]. 
According to Mumford [33], design features that ensure improved quality of working life 
and job satisfaction are as critical to the success of information systems as the technical 
components, and that employee well-being should be seen as a desired output and not 
simply a means to an end. Much of the system design phase prescribed in the 
methodology pertains to “fit” between the employee and the work process for which s/he 
will be responsible. Types of fit include, respectively: knowledge fit, psychological fit, 
efficiency fit, task-structure fit, and ethical fit, which address the degree to which the 
employee has the knowledge and skills to perform successfully, the match with personal 
attributes (e.g. experience, position, age), the effort/performance/output balance, the 
degree to which the job is meaningful and fulfilling, and finally, the compatibility 
between employee and the organization’s value set.    
     By stressing participation from the start of this process, better fit along these 
parameters becomes built into the system and employees are more likely to realize how 
the technology to be implemented will actually benefit them and their job experience. The 
methodology, consisting of the 15 steps below and intended to be carried out by a design 
team consisting of both designers and users, is intended to ensure participation and fit 
with system design (see [10] for a detailed process description).  

1. Why change? 
2. Identify System Boundaries 
3. Description of the existing system 
4. Definition of Key Objectives 
5. Definition of Key Tasks 
6. Key Information Needs 
7. Diagnosis of Efficiency Needs 
8. Diagnosis of job satisfaction needs 
9. Future Analysis 
10. Specifying and weighting efficiency and job satisfaction needs and objectives 
11. The Organizational design of the new system  
12. Technical Options 
13. The preparation of a detailed work design 
14. Implementation 
15. Evaluation 

Mumford et al [10] suggest that this process may occur over several meetings of key 
actors (e.g. process end users, engineers, managers) and some of the steps may occur 
simultaneously in subgroups. For instance, while all impacted by the change should 
perhaps participate in discussion of step 1 (i.e. “why change?”), small subgroups could 
ostensibly collect data regarding the definitions of key tasks (step 5), as long as the 
collected data are shared in plenum to allow for feedback.   
Paay, Sterling, Vetere, Howard, and Boettcher [33] report on a very recent study in the 
field of software engineering that demonstrated the applicability of a multidisciplinary 
approach that was used to conduct cooperative analyses of how ethnographers and 
software engineers identified and quantified quality goals through interactive and 
constructive dialogue about shared technical artifacts. While the authors do not suggest 
that the 15 step process was followed slavically, they insist that ensuring fit between the 
social, psychological, and technological aspects of the project was given the utmost 
priority. 
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     Both the well-documented development of the Ethics methodology and Paay et al’s 
[34] study contribute with important accounts of the social interactions that occur during 
design of socially-oriented technology, they also by describing how the social foundation 
on which teams are built being extended beyond manufacturing and even service 
organizations to include knowledge-intensive companies dependent on Communities of 

Practices (CoPs) [35]. In the final sections of the paper, the feasibility of STS for 
performability engineering is considered.  

4. Discussion 

The relevance of STS to performability engineering has previously been emphasized by 
Roy and Roy [5], who propose that performability engineering includes two sets of 
variables: (i) technical variables relating to the efficiency and effectiveness of the induced 
improvements and (ii) the human and social aspects that encompass the psycho-social 
dynamics of the employees who perform the changed tasks, their attributes, relationships 
and communication patterns. Still, there is relatively little evidence that STS is being 
applied to the study of performability engineering, and instances of its integration into 
system design are still quite rare. The lack of STS application in the field may be 
explained by varied criticisms of the theory, for example, its purportedly simplistic 
conceptualizations of social systems that do not adequately address the social systems 
embeddedness with economic systems [36], or the seemingly overemphasis on social and 
psychological needs of the workers [37]. There is without question considerable 
uncertainty surrounding estimates of performability effects. Modeling and forecasting are 
not so much exact sciences as a helpful means, based on scientific standards, to produce 
indicative rather than predictive results. The complexity and interrelatedness of the human 
- environment relationship makes attributing specific causes and effects far from 
straightforward. Moreover, direct and observable effects are difficult to quantify, and are 
not necessarily manifested immediately, e.g. the socioeconomic and socio-cultural 
changes of adverse environmental effects (climate change, resource depletion). In actual 
performability engineering studies, we may often be tempted to focus on proximal factors 
in immediately recognizable pathological performability. Distant or complex causal 
mechanisms related to systems interactions not well understood, or immediately 
recognizable, or easily accessed in terms of data availability and/or quality tend to escape 
our attention in empirical field studies. The same can also be said when attempting to 
identify current organizational objectives versus future visions, where focus is most often 
directed towards immediate concerns that can be defined in concrete and measurable 
rather than abstract and uncertain terminology. 
     Further, from a critical theory point of view labor union representatives have blamed 
STS for implicitly forcing acceptance of the status quo in terms of the employer/employee 
relationship [38]. Land [39] cautions, for example,  that the values underlying STS may 
be perceived as conflicting in that they require work design to balance focus between the 
psycho-social objectives (e.g. improved motivation, satisfaction, quality of work life) and 
the management’s primarily economic concerns. Thus, STS may be viewed as a design 
tool that exploits employees for the company’s financial gain. 
     The magnitude of the changes needed to accommodate the principles of an STS 
approach to performability engineering may also explain its relative lack of acceptance by 
managers and design engineers alike. Most notably, the organizational culture must 
support participation, which in turn has implications for the power structure within the 
organization. All members of the organization, from top management to shop-floor 
operators and the design engineers and line managers in between must have the 
willingness and ability to contribute on some level and the same capacity to acknowledge 
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input from others. The development of such a culture is anything but spontaneous and 
may require extensive intervention in terms of organizational structure and management 
as well as accompanying systems and processes (e.g. recruitment, training, and 
compensation). Redesigning work processes to increase employee autonomy and 
involvement in decision-making thus requires a transition towards decentralization that 
may cause substantial power shifts within the organization, which in turn challenges some 
of the fundamental logic of the principal-agent relationship and related power 
arrangements widely embraced by mainstream economic theory.  In other words, the STS 
tradition questions traditional hierarchical and bureaucratic decision making procedures 
and recognizes instead room for input and influences from the entire workforce during 
decision making related to the operative work system. Furthermore, it could be argued 
that performability engineering is inherently more ’power biased’ as many of its methods 
for engineering processes involve employees higher up in the hierarchy than the types of 
operators on which STS was originally conceived.  

While each of these challenges may have some merit; however, the alarmingly high 
failure rates of technical change initiatives that have been linked to companies’ inability 
(or unwillingness?) to address relationships between man, machine, and methods [40,41] 
all too clearly indicate that ignoring the psychosocial environment is no longer an option. 
Even when such (technical) changes appear successful initially, according to quality 
and/or productivity measures, the long term ramifications are often quite dismal, 
especially in terms of the impact on an organization’s human resources. Reports of 
increased stress (and a host of psychological and physical symptoms associated with 
stress), absenteeism, turnover, and employee dissatisfaction following implementation of 
predominately technically-oriented changes such as Lean Manufacturing are all too 
common now [42,43]. Perhaps worse in terms of long term organizational survival and 
growth is the impact such technical change programs may have on the learning, 
knowledge-sharing, and innovation capacity needed to compete successfully in every 
increasingly unstable environment [44].  
     Alternatively, previous research on relationships between firms and their users [45] 
and employee-driven innovation (EDI) suggest that purposeful participation of those not 
normally involved in or assigned responsibility for producing innovations may be an 
overlooked and important innovation potential. EDI refers to the generation and 
implementation of novel ideas, products and processes originated by a single employee or 
by joint efforts of two or more employees [46]. An EDI perspective thus suggests that the 
innovations can occur in a part of the organization in which employees have not been 
deliberately assigned such responsibilities (unlike functions such as R&D teams).  

5. Conclusion  

The objective of this paper was to argue for the relevance of a Socio-Technical Systems 
perspective within the field of performability engineering. Indications from open systems 
theory regarding the interdependency of the technical and psychosocial elements within 
an organization provide an impetus to this paradigm shift if organizations are to succeed 
in the ever changing environments in which they operate. The advantages to framing 
performability in a STS perspective may extend beyond “mere” process improvement as 
described in this paper thus far.  According to Barney [47] and the Resource Based View 
(RBV) of the firm, the ability to successfully compete in the future will largely depend on 
the organization’s ability to develop a culture that is rare, valuable, and not easily 
imitated. Such a culture cannot exist in the absence of rich social interaction and a focus 
on learning and knowledge-sharing, all of which may be facilitated by a STS approach to 
organizational design. Mumford [10] also suggests that application of STS satisfies a 
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moral responsibility companies have towards their employees, who should be viewed as 
the organization’s most valuable resource and as such, are entitled to working conditions 
that allow for personal development opportunities. By treating employees as valuable 
resources and providing opportunities for growth, an organization may create a self-
reinforcing chain of events that helps them recruit qualified staff as well as retain its most 
critical human resources [48].  
     A well balanced performability engineering effort aims at addressing the human, 
social, economical, technical and environmental systems in an integrated way. Satisfying 
these aims implies that managers must pay attention to human needs beyond those simply 
required for the regular performance of tasks as defined by the technology so that they 
include: (i) some degree of influence over the technology related to the task performance; 
(ii) that the task should include some degree of variety, and (iii) opportunity to learning, 
suggesting that the tasks should remain interesting and meaningful [49]. Since technology 
cannot be adequately understood or perceived as a deterministic force of its own, 
questions should be encouraged about how specific choices are made and how decisions 
are processed and promoted in the technical system [12]?  Actually, STS forces re-
evaluation of the underlying assumptions of any technical system to ensure that the actual 
design and use of a given technology are the best for those investing in it, as well as for 
the people and environments being affected by it.  
  Future research in this area should be aimed at developing a better understanding of 
how different management systems and organizations structures affect the performability 
“equations”, as well as how reliability and dependability can be defined to address both 
psychosocial and technical objectives. In addition, further insight is needed as to how to 
balance managerial focus on technological reliability and behavioral reliability. Perhaps 
most central is the need for discovering highly operational methods by which to integrate 
soft factors into hard models.  
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