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Abstract 

Technical system design processes are typically based on systems engineering vee models where 

designers move between functional and physical domains as they develop detailed designs of the 

overall system, and its subsystems and component parts. The movements between the functional 

and physical domains are informed by the core activities of any design process:  synthesis, 

description, analysis and simulation, and decision making. However, delivering socio-technical 

systems design mindsets, such as those needed to design multi-team systems, requires a new 

branch of systems science that integrates human behaviour into system behaviour. Design processes 

built on such a science would allow system designers to compare alternative solutions in terms of 

their anticipated performance and consider different options with respect to functions carried out 

by humans and machines. 

In this chapter we use a systems design process vee model and apply it to a case study that involves 

the design of a multi-team customer service system. Both the application of the vee model (i.e., the 

proposed design process) and the results of its application (i.e., the multi-team customer service 

system) can be regarded as socio-technical systems and are used to illustrate and elaborate on 

Clegg’s (2000) socio-technical principles for system design. On this basis, we provide a practical 

framework for designing socio-technical systems and identify requirements for developing future 

methods and tools to support this process. 

 

Keywords: socio-technical principles, function allocation, simulation, resilience, system evaluation 
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1 Introduction  

The key premise of socio-technical systems design thinking is that people are an integral part of the 

system alongside technology and should be regarded as such through the entire design process.  

Many design methods include people, but as users of products and systems rather than as integral 

parts of the systems themselves. For example, human computer interaction specialists create 

software interfaces that are easier for people to use, user-centred design results in physical 

interfaces that are easier for people to use, and co-design includes people, users, and other 

stakeholders earlier in the design process so that their needs and views can be better understood. 

However, in each case, critical design decisions have been made before these methods are 

implemented. For example, who decided which functions would be carried out by technology and 

which by people? Similarly, who decided who the users and others involved in the design process 

would be? Furthermore, in both cases, what was the basis of these decisions and, if necessary, could 

they be audited and unravelled? In this chapter we advocate the development of socio-technical 

system design mindsets that support these kinds of decisions and allow system designers to 

consider, in a systematic manner, a range of alternative socio-technical system scenarios. 

Systems engineering approaches are widely and successfully used in the development of large 

complex technical systems such as aeroplanes and automobiles. Principles of systems engineering 

(RAEng, 2007) emphasise the importance of understanding the purpose of the system, holistic and 

creative thinking, and the use of systematic processes to create high value and lasting solutions for 

users, on time and to budget. In this chapter, we explore the applicability of systems engineering 

principles to the design of socio-technical systems, to improve performance in technical product 

development systems among other outcomes. For example, to improve UK productivity, Clegg 

(2016) argues for the application of socio-technical principles to the design of industrial systems.     

Socio-technical systems thinking argues that any system, whether it be an organization, a work 

group, or whole city, will function at its best when both social (e.g., people, skills, culture, attitudes) 

and technical (e.g., software, IT, tools) are jointly designed and the interactions between these parts 

are considered together (e.g., Clegg, 2000). Socio-technical systems thinking enjoys a rich history 

within management and organizational psychology, with the philosophy emerging from seminal 

studies of technology introduction in traditional UK industry in the 1940s and 1950s (Davis, 2019). 

Researchers at the Tavistock Institute recognised the disruption that new machinery could have on 

existing social structures and work processes (e.g., in coal mining) and the effect these changes had 

on employee outcomes such as motivation and absenteeism, in turn affecting the effectiveness and 

productivity of the technology itself (e.g., Trist and Bamforth, 1951). This led to the development of 

ideas surrounding the value of engaging end-users in the design of technology, designing in 

opportunities for employees to have control over the management of their work and to resolve 

problems as they arise (Daniels, Le Blanc & Davis, 2014). These early studies also illustrated the 

difficulty in designing a change to one part of a work system without considering the potential 

implications of this; with interdependencies throughout the system (Eason, 2014), a change in one 

aspect often leads to unintended consequences elsewhere (e.g., the coal mining machinery reduced 

the variety in the job for workers and reduced motivation/increased absenteeism, limiting the utility 

of the machinery itself). Socio-technical systems thinking has had a lasting impact on the areas of job 

design (most notably in the ideas of semi-autonomous workgroups and task variety), in addition to 

change management, technology implementation, and human factors in safety critical industries 

(e.g., aviation) (Davis, 2019; Eason, 2014; Mumford, 2006).   

The key difference between technical and socio-technical systems lies in what drives their 

behaviour: the laws of physics determine the behaviour of technical systems whereas the behaviour 
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of socio-technical systems is governed by human behaviour and human interactions with technology 

(e.g., Mumford, 2006). Factors that influence human behaviour relate to characteristics of individual 

people such as personal preferences and competencies, training, career development, and job 

satisfaction (Robinson et al., 2005). In addition, individuals’ behaviours are influenced by 
characteristics of the groups within which they work. These may include team working, leadership, 

communication, coordination, capability, and shared mental models (Salas et al., 2005). More 

broadly, behaviour may also be influenced by characteristics of the social systems within which 

individuals live, such as organisational culture, social networks, and leadership (Brass et al., 2004; 

Davis & Coan, 2015). When applying principles of systems engineering to the design of socio-

technical systems, a key challenge lies in how we accommodate human behaviour in system designs 

and predict its influence on overall performance in alternative system configurations (Crowder et al., 

2012). 

A further important difference between technical and socio-technical systems is that the latter are 

not realised in the same way as physical products. For this reason, the modified systems design vee 

model introduced in McKay et al. (2018) is more appropriate here than traditional systems 

engineering vee models that include product realisation. This modified model, as shown in Figure 3, 

highlights key aspects of systems engineering, such as the flow-down of design requirements and 

the flow-up of design solutions, and provides the basis for a design process that zig zags between 

functional aspects of the design (on the left) and solutions (on the right). In this chapter, we focus on 

four aspects of socio-technical systems that distinguish them from technical systems and so 

influence their design:  

i) when formulating design requirements, how good quality requirements for a socio-technical 

system might be defined;  

ii) when formulating (sub)system architectures, how alternative allocations of function 

between people and machines might be described and evaluated;  

iii) when verifying proposed design solutions, how human behaviour might be incorporated 

within simulation tools; and 

iv) when evaluating an overall solution, how the resilience of the whole system might be 

considered, especially with uncertain conditions and in uncertain environments. 

The chapter builds on Clegg’s (2000) principles for the design of socio-technical systems. His seven 

meta-principles govern the overall orientation of system design activities; the overall structure of 

this chapter is organised in a similar way, see Table 1.  

Table 1: Meta Principles of Socio-Technical design (Clegg, 2000) 

Principle Description (based on Clegg (2000)) 

1) Design is systemic The use of a well-defined process helps ensure that 

a systematic approach is used but this does not 

necessarily guarantee a systemic approach. 

However, the process ensures that systemic 

solutions are created by considering social and 

technical aspects of the design equally through the 

entire process. 

2) Values and mindsets are central to design Over time, the use of such a process has the 

potential to facilitate cultural change and so the 

values and mindsets of system designers, users, and 

other stakeholders are critical. As such, the design 

process can be seen as dynamic, and likely to both 

influence and be influenced both socially and by its 

environment. 
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3) Design involves making choices The vee model includes the consideration of 

alternative solutions and so encourages the 

divergent thinking essential to provide the choices 

design involves.  

4) Design should reflect the needs of the business, 

its users and their managers 

The involvement of multiple stakeholders, in the 

formulation of the initial capability statement and 

throughout the design process, ensures that their 

needs are reflected in the design process.  

5) Design is an extended social process As the chapter unfolds, the importance of including 

a range of people in the design process becomes 

clear and as does the perspective of design as a 

socially shaped extended social process.  

6) Design is socially shaped 

7) Design is contingent  The evaluation of design directions and solutions by 

multiple stakeholders, against design requirements 

and throughout the process, reflects design being 

contingent with no one best solution.  

 

2 Background theory 

We consider four aspects of background theory: 

(1) Multi-team systems: the kinds of systems on which this chapter and its case study focus. 

(2) Allocation of function: for example, in the formulation of solution architectures, there are 

choices related to how work is divided between technology and people. 

(3) Simulation: in the development of solutions, alternatives can be visualised and predictions 

made about how whole systems (social and technical) might behave. 

(4) Resilience: a characteristic of any socio-technical system that determines its overall capability to 

meet its design requirements under uncertainty. 

2.1 Multi-team systems  

In systems engineering, the design process is not completed by single engineers, from a single 

organization, who complete separate and clearly demarcated activities; rather, it is a messy and 

complex process (Xu et al., 2003). Even in the most simplified design system a designer can expect to 

work as part of a team, and, in the simplest circumstances, have only the task in hand to work on, 

along with a clear goal, and colleagues who are also focused solely on the same design project 

(Crowder et al., 2012). In reality, contemporary organizations usually operate in complex matrix 

structures in which team members are organized by both discipline and design component, and 

often report to different line managers with different priorities (Lechler & Dvir, 2010). Typically, a 

designer will be working on multiple projects at once, and working as part of concurrent engineering 

teams, in which they are dependent on others from different disciplinary backgrounds for 

information and advice (Hughes, 2017). Effective team work under these conditions is contingent 

not only on designers having strong technical competence, but also on designers having highly 

refined interpersonal skills (Robinson et al., 2005). Design requirements can change radically and/or 

incrementally throughout the design process and so, for individual designers, knowing what 

information to share, at what point, and with whom, is pivotal to their personal success (Busby, 

2001). Moreover, it is imperative that the team more collectively shares a clear understanding of 

what is required, by when, and who in the team will complete each element of the design activity 

(Mathieu et al., 2000).  

In previous organizational and simulation research to understand factors underpinning high 

performing and robust design engineering teams, we studied different design teams each 

responsible for different components of an overall design (see Crowder et al., 2012, for details). 
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While the overall team had an overarching design goal, each designer also had different types and 

levels of technical knowledge and competence, competing project pressures, different individual 

priorities, and varying time to dedicate to the project. Within the team, members also had different 

trust levels, which affected their willingness to share information. Trust was therefore an important 

interpersonal antecedent to effective communication. In addition, the performance of the teams in 

terms of the speed of work, its cost, and its quality were related to the extent to which the team 

shared an understanding of requirements and who they needed to communicate with and when. 

Evidently then, successful navigation of the social elements of this design process are as pivotal as 

the technical elements in many ways, not least because diary study research has shown that even 

the most technical of activities comprise substantial social elements (Robinson, 2012). 

2.2 Allocation of function  

The descriptions of the design processes above highlight the role of technologies and information 

systems in mediating interactions between individuals and teams, in addition to storing and 

managing requisite knowledge. The design of any socio-technical system involves decisions 

regarding the division of tasks and activities, both between individuals, groups, and subsystems, and 

between human actors, technologies, and software (Eason, 2014; Mumford, 2006). Such decisions 

involving “the allocation of functions or tasks between the humans and machines in a system” 

(Clegg, 2000) is described as allocation of function and may typically be considered during design to 

determine whether humans or machines are better suited to undertake particular discrete tasks, 

functions, or roles (Grote et al., 2014). Allocation of function has a rich history within ergonomics, 

human factors, and psychology disciplines, particularly within military domains, aviation, human 

fatigue in safety critical industries, computer systems design, and manufacturing (Waterson et al., 

2002).  

Research exploring allocation of function within socio-technical systems has identified three main 

approaches to such divisions (Challenger et al., 2013). In function allocation by substitution, tasks are 

assigned based on the capability of the human or machine, usually made as a static decision during 

the design process. On the other hand, in the left-over approach designers attempt to automate as 

much as possible to reduce the potential for human error or inefficiency, with any tasks or 

operations deemed to be too difficult or uneconomic to automate allocated to humans. Finally, in 

the complementary approach, design is dynamic and adaptive, with tasks allocated to capitalize on 

the capabilities of human and machines within the system, permitting functions to move 

dynamically between both parties dependent upon context, enabling interventions to be made and 

for overall system performance to be maximized. The research corpus demonstrates that each of 

these approaches towards allocation of function has implications for the design of the system as well 

as overall performance and resilience (Strain & Eason, 2000).  

As with many other areas of systems design, there is a danger that decisions regarding allocation of 

function are made implicitly at early stages of the design process, based upon designers’ 
assumptions and preconceptions (Challenger et al., 2013). Such a priori decisions run contrary to 

socio-technical systems principles regarding minimal critical specificity (Cherns, 1976, 1987). These 

principles suggests that the decisions regarding how work, tasks, and outcomes are achieved should 

be specified as little as possible, allowing those within the system to establish the most effective and 

productive ways of achieving set outcomes given necessary constraints, such as safety and cost 

parameters (Davis, 2019). Decisions made by experts early in the design process also run the danger 

of techno-centricity whereby technology is seen as the solution to any given problem (Clegg & 

Shepherd, 2007). As a result, design decisions reflect the biases and convenience of those same 

experts, reducing the choice and design options available to users and clients (Clegg, 2000; Eason, 
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2014). Formally including acknowledgment of allocation of function helps to mitigate such 

undesirable outcomes and also addresses calls by researchers to address ways in which 

accountabilities and interactions between upstream (e.g., designers, the organization) and 

downstream (e.g., users) actors are distributed (Grote et al., 2014). Recognizing that there are 

different ways to allocate functions between and within system components, and that this may 

result in multiple design options, requires a process to evaluate the potential costs and benefits of 

each scenario (e.g., in terms of short- and long-term system performance, safety, resilience, and job 

satisfaction). Agent-based and other forms of computer modelling present themselves as promising 

methods for simulating allocation of function within work systems, particularly with regards to 

emerging technologies such as autonomous vehicles, artificial intelligence, and robotics (e.g., 

Hettinger et al., 2015; Weyer et al., 2015). 

2.3 Simulation 

Agent-based modelling and simulation (ABMS) is a computer simulation technique in which 

individual agents act in accordance with rules which govern their behaviours and enable 

interactions. Interactions may occur between agents, and also between agents and their 

environment, leading to complex, collective, emergent outcomes (Hughes et al., 2012). This 

capability to incorporate a range of variables, and to examine complex problems with non-linear 

outputs and feedback loops, makes ABMS an ideal approach for modelling complex socio-technical 

systems (Crowder et al., 2012). For instance, ABMS has been used to simulate transport decisions in 

supply chains (Sha & Srinivasan, 2016), the management of major emergencies (Hawe et al., 2012), 

crowd behaviour in transport terminals (van der Wal et al., 2017), and, of relevance to this case 

study, team work in engineering (Crowder et al., 2012). 

In the case study introduced later in this chapter, we have several teams working together in a multi-

team system (Marks et al., 2005) to manage a restaurant. For instance, we have a waiting team 

taking customers’ orders and a kitchen team preparing the orders. The teams therefore have inter-

dependent goals and must communicate with each other and coordinate their activities to deliver 

the service (i.e., meals to the customers), which is an ideal scenario for ABMS to simulate (Hughes et 

al., 2012).  

2.4  Resilience  

The resilience of a socio-technical system concerns its ability to deal with uncertainties and 

disruptions, such that changes in its operational, regulatory, and/or economic environments do not 

cause operational down-time or threaten its ability to achieve its purpose (Pieniazek, 2017). First, by 

dealing proactively with threats before they result in actual disruptions, a resilient system can 

reduce the effects of the adversity when it actually presents as a disruption (i.e., the disruption 

results in smaller consequences than would have occurred in a less resilient system), or can prevent 

the disruption from materialising altogether (Hollnagel, 2014; Pieniazek, 2017). A resilient system is 

one which has resources to anticipate (identifying potential disruptions), plan (consider system 

changes to address threats and disruptions), implement (make the changes), and learn (reflect on 

lessons) to address disruptions if and when they occur (Hollnagel, 2014; Pieniazek, 2017). Second, 

given resilient capability enables a system to deal with uncertainty, it also includes a responsive 

capability to deal with disruptions on the spot which are affecting its operations in real time 

(Pieniazek, 2017). Hence, there are resources within the system to monitor (detect disruptions in the 

environment and their impact on current performance) and respond (mobilise resources to return to 

normal operations). 
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In systems that are designed, opportunities become available to specify required levels of resilience.  

One way of ensuring system resilience is to increase reserves, for example, of human, material, and 

financial resources necessary to protect and guarantee the normal functioning of an organisation 

within the system (Bourgeois, 1981). Resilience can be designed into the system within its 

components or overall architecture, or through processes and behaviours that the system invokes 

when its performance is or could be under threat. This design requirement must be traded off 

against other requirements. For example, continuous improvement approaches used to improve the 

performance of manufacturing systems involve removing waste and non-value adding activities to 

create so-called ‘lean’ solutions. While such systems have increased outputs with reduced 

costs (Shah & Ward, 2003), this may be at the expense of system resilience. In manufacturing and 

supply chain systems, the integration of agile methods into lean systems helps improve resilience by 

improving the system’s ability to respond to changes in demand (e.g., Kundu et. al., 2008). These 

approaches, however, tend to conceptualise the system architecture as being fixed. This may be 

appropriate in circumstances where the system architecture is tightly coupled with expensive 

equipment and infrastructures. However, even in such situations, given that disruptions can 

originate in a system’s internal and external operating environments and change a system-state 

(e.g., loss of data, human error, systems failure, natural disasters), the introduction of socio-

technical systems mindsets has the potential to deliver significant benefits.  

While lean processes are likely to result in higher peak performance levels, because during routine 

operations all resources are focused on present performance, in periods where disruptions occur, 

resilient systems perform best in the long term and with more stability. Hence, allocation of function 

within a system has implications for its resilience capability. For example, fully automated systems 

would yield higher performance in normal operations than a similar system including some human 

operator involvement; however, the fully automated system may be less resilient to unexpected 

change or errors, leading to decreased performance in the medium term or an unacceptable risk 

when managing exceptions in safety critical industries (Casner et al., 2014). An example of this is 

aviation, where the technology has long existed to automate the take-off and landing of commercial 

airplanes (Billings, 1997). However, the relative efficiencies and reduction in human errors that 

higher automation (and reduced roles for pilots and flight crew) may yield in ‘normal’ circumstances, 

need to be balanced against the need to retain flight crews’ expertise. This expertise, which includes 
skills gained through experience and focus, allows flight crews to intervene in abnormal situations, 

such as when technical malfunctions occur, and forms the rationale behind complementary 

approaches where function allocation is shared between machine and human (Casner et al., 2014). 

For this reason, while designers typically design for performance, designing for resilience requires 

acknowledging the whole system and the environment within which it operates.   

3 Multi-team system design case study 

A fictitious pizza restaurant, Pizza Pizzazz, is used here as a case study. Restaurants have various 

common expectations that they need to fulfil in order to provide a dining experience for their 

customers. These typically include a way for customers to decide what to eat and drink, a place for 

customers to sit, preparation of food and drink, delivery of food and drink, clearing of plates and 

glasses, and a way to pay (e.g., Amigo et al., 2008). There are many ways that restaurants can decide 

to organize themselves in order to meet these expectations and to decide who or what (i.e., people 

or technology) delivers each part. We present this restaurant as a demonstration of the complexity 

present in seemingly simple organizational systems, the implications that different design decisions 

can have, and the interactions within such systems. Pizza Pizzazz is a “casual dining” pizza restaurant 
chain that aims to provide customers with an affordable and efficient dining experience. The 
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business model is based upon turning tables quickly and providing a consistent experience across 

the chain. 

3.1 System organisation and the allocation of functions 

Pizza Pizzazz has traditionally organized itself as a multi-team system (De Vries et al., 2016), with 

different teams responsible for delivering different parts of the customers’ dining experience. A 
front-of-house team is responsible for greeting customers and showing them to a table. They are 

divided into sections to cover specific tables within the restaurant. A waiting team is responsible for 

taking customers’ food orders using a paper notepad, delivering their food, checking customers are 

satisfied, and taking payment. A bar team, covering all of the tables in the restaurant, takes 

customers’ drinks orders, makes the drinks, and delivers them to the tables. The kitchen team, 

covering all of the tables with members allocated specific custom pizzas, prepares and cooks the 

food. The cleaning team clears and cleans tables and the restaurant, and prepares new tables. Each 

team is managed by a supervisor and has its own goals, pressures, and priorities (e.g., Crowder et al., 

2012). This restaurant is therefore an excellent example of a complex socio-technical system, with 

people interacting with technology and infrastructure, and following processes to achieve goals 

within the organization’s cultural context (Davis et al., 2014).  

In delivering a service of this kind, the organization has made choices about how things are done. 

While some such choices may have been made inadvertently, they are important because they have 

consequences (sometimes unintended) and ripple effects for other parts of the system. For instance, 

choices about the organization of job roles will impact on the training and competency requirements 

of team members, as well as on the communication requirements that are needed across sub-teams 

(Crowder et al., 2012). They may also impact on the work-flow. For instance, a table cannot be found 

until a front-of-house team member is available, which could lead to queues at the desk, while other 

team members (e.g., those in the kitchen) might have nothing to do. Each team member will be 

balancing competing tasks and is dependent upon information and action from members of other 

teams. For example, the kitchen team is dependent on the waiting team passing customer orders 

through accurately and the front-of-house team balancing customer bookings to stagger demand. 

The kitchen team also has to cook dishes for multiple tables at once and communicate among 

themselves to ensure that dishes for a single table, with different preparation times, are all ready for 

the waiting staff to deliver simultaneously. The waiting team shares a fixed proportion of their 

individual tips with the other teams, who split the tips evenly between their team members. This 

reward structure incentivizes the waiting team to provide a high quality customer experience, 

without rewarding individual performance elsewhere. 

 

Pizza Pizzazz are keen to keep improving their efficiency and effectiveness, so using the System 

Scenarios Tool (Hughes et al., 2017) we are able to consider the socio-technical implications of two 

alternative ways of organizing the service, as outlined in Table 2. 

Table 2: Two alternative design alternatives for the Pizza Pizzazz case study using the System 

Scenarios Tool (Hughes et al., 2017) 

Factor ‘As is’ ‘To be’ 
How does it work? 

(This refers to the characteristics of the 

work carried out within the 

organizational unit.) 

‐ Overall service is traditional, 

delivered by small sub-teams 

organised by job role (e.g., front-of-

house team, waiting team, bar team, 

kitchen team). Each sub-team is 

managed by a supervisor.  

‐ Pizzas are prepared freshly to order. 

‐ Overall service is delivered by a small 

number of staff in transferable roles, 

and is dependent on customer input 

via some fundamental technologies.  

‐ Pizzas are mass-prepared in a central 

kitchen and delivered to store for 

heating. 
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Goals  

(This refers to the goals of the system 

under examination and to the metrics 

which are used to assess the 

performance of the system and the 

people working in it.) 

“To provide customers with an 
affordable and efficient dining 

experience”. 
‐ Sub-teams have individual goals (e.g., 

the front-of-house team need to get 

people seated as quickly as possible; 

the waiting team need to ensure 

customers receive food, bills, and can 

make payments as soon as they are 

ready).  

‐ Waiting staff keep a fixed proportion 

of their individual tips, incentivising 

high quality customer service. They 

share the rest with the other sub-

teams, split evenly between team 

members.  

“To provide customers with an 
affordable and efficient dining 

experience”. 
‐ The overall goal is increased 

customer foot-fall. Workers aim to 

provide start-to-finish service as 

quickly as possible to keep tables 

turning.   

‐ Tips are divided equally by the 

payment system between all staff 

members regardless of number of 

tables served or level of tip provided 

by individual tables. 

Processes 

(This refers to the work processes and 

working practices that are in use in the 

system. It includes the organizational 

structure and the ways in which the 

work is organized.) 

‐ The customer experience is 

sequential and each sub-team has a 

process determined by their role in 

this sequence, which maps who 

speaks to whom, about what, and 

when.  

‐ The customer experience is 

sequential but the customer has 

more involvement in the speed of 

this process (e.g., how quickly they 

find seating, order, and pay). 

Technology 

(This refers to the technologies, tools, 

and equipment used within the 

system, and can include both hardware 

and software.) 

‐ Bookings and seating are manually 

recorded using a paper diary.  

‐ Orders are taken manually using pen 

and paper, and are physically 

transferred to other sub-teams (e.g., 

waiting team to kitchen team). 

‐ Payment is taken using an electronic 

till system (cash or card). 

‐ High-tech service. Technology is used 

for ordering, paying, and 

communicating with staff.  

 

Infrastructure  

(This refers to the physical 

infrastructure of the system, for 

example including its buildings and the 

physical assets.  But it can also include 

the financial infrastructure, such as the 

business model in use.) 

‐ The physical space is set as a 

traditional restaurant with numbered 

tables varying in size to 

accommodate different sizes of 

customer group.  

‐ The business model is based around 

turning tables quickly and consistent 

service. 

‐ Traditional restaurant with high-tech 

facilities is required (flexible number 

of ordering units to enable different 

group sizes). 

‐ A new central kitchen for pizza 

preparation is required (or a supply 

chain partner). 

‐ The business model is based around 

turning tables quickly and consistent 

service. 

People 

(This refers to the people working in 

the system and also the key 

stakeholders – including customers – 

and includes their attitudes, 

behaviours, skills, and competencies.) 

‐ Staff skills are specialised (e.g., chefs, 

waiters, bar staff, cleaners).  

‐ Staff require differential, role-

relevant training and competencies. 

‐ Staff need training in the full range of 

roles (though there are only a few of 

these), and they need transferable 

competencies. This increased skill 

level may necessitate a higher wage. 

Culture 

(This refers to the shared norms, 

beliefs, and values that permeate the 

system. This can be local to the system 

and/or shared more widely outside the 

system.) 

‐ The environment is pressurised as 

work is fast-paced. Staff are 

empowered to resolve issues within 

their role, but are dependent on 

others from different groups for their 

tips. Waiting staff work hard for tips, 

but others feel less pressure to do so 

as they receive tips regardless.  

‐ The environment is pressurised and 

fast-paced. Staff need to 

communicate to avoid duplication in 

orders and aspects of the process, 

but this is helped by technology, and 

they can step in to help each other at 

busy times. All staff need to work 

hard to maintain the reputation and 

to receive tips, but this can also 

create loafing among some 

colleagues who can be carried by 

more motivated or faster workers. 
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System benefits (examples) ‐ Clearly allocated roles and 

responsibilities. 

‐ Clear command and control 

structure. 

‐ Service process is unambiguous. 

‐ Staff training requirements are 

minimised because roles are 

specialised (only need to train in one 

aspect of the service). 

‐ Lower staff costs and a reduction in 

roles required (and associated 

training). 

‐ Quick and reliable communication 

between the customer and staff 

(relies on customer input rather than 

accurate recording of customer 

choice). 

‐ Can deal with more customers, more 

efficiently, and at the customer’s 
pace. 

System costs (examples) ‐ Bottlenecks can arise at busy times  

‐ Customers voice frustration at seeing 

some staff appearing to lack work 

while they are not being served 

effectively.  

‐ Additional costs for the installation 

and maintenance of service 

technology. 

‐ New facilities (e.g., a new central 

kitchen) are required. 

System risks (examples) 

 

‐ Low resilience in case of staff 

absence (staff are not trained to 

cover). 

‐ Communication errors across sub-

teams can result in service delays. 

‐ Service is dependent on technology, 

so low resilience to technological 

outages or breakdown. 

‐ Fewer staff available in non-routine 

situations.  

 

For instance, Pizza Pizzazz is interested in comparing their service approach with that of their rival 

Techy Mexican Food Company (TechMex) where customers arrive and locate a free table to sit at 

rather than wait to be seated. Customers are expected to place their food and drinks orders through 

an at-table tablet or their smart phone. A waiting team then delivers the customers’ food and drinks 
directly to their table. Different members of waiting staff may deliver different parts of a customer’s 
order. Customers are asked to use the tablet or their smart phone to place additional orders, to 

summon help, and to pay their bill. The kitchen team are responsible for fulfilling specific table 

orders as they are received (i.e., preparing all dishes for that table). The majority of dishes are 

prepared in a central kitchen and delivered to individual restaurants. This reduces the preparation 

and cooking time in the restaurant and means that one staff member can prepare multiple dishes 

simultaneously for one table. When a customer pays their bill, it triggers an alert for a member of 

the waiting team to clear the table ready for the next customer. Tips are divided equally by the 

payment system between all staff members regardless of number of tables served or value of tip. By 

organizing the service in this alternative way, TechMex has reduced in its wage bill, and has 

increased the speed at which it turns its tables thereby increasing capacity. However, as with any 

service redesign or introduction of advanced technology, there are trade-offs to be made (Clegg & 

Davis, 2016). We outline the challenges that a move to this way of working may pose in Table 2 using 

the Systems Scenario Tool (see, Hughes et al., 2017, for a discussion regarding the application of this 

tool to different contexts). 

3.2 System evaluation 

Evaluation is an essential aspect of any design process (see Clegg, 2000; Suh, 1990). However, the 

measurement systems and metrics used to evaluate a system’s effectiveness can be controversial, 
because appropriate metrics depend on the needs, priorities, and requirements of different 

stakeholders and the measurement system used is likely to influence the behaviour of the system 

under consideration (Mannion & Braithwaite, 2012). Metrics may be similar, subtly different, or 

altogether incongruent with each other (Hughes et al, 2017; Robinson, 2018). For example, a 

manager tasked with the goal of resource optimisation may regard the best process as one that 

delivers solutions as quickly as possible using minimal resources. On the other hand, people whose 

lives will be affected by the operation of the designed system (e.g., the waiters and bar tenders) may 
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be more interested in ease of use and its impact on their abilities to meet their goals (such as being 

given a tip by the customer for high quality service). Often, however, the different stakeholders will 

be fixated on their own goals, and may not realise that their priorities differ to those of others. This 

can be problematic as it can lead to a system that only meets the needs of certain stakeholder 

groups. Additionally, it can mean that subsequent design choices, or decisions to adapt the system 

to alleviate problems for one group, inadvertently lead to difficulties for other groups.  

Consequently, the System Scenarios Tool (Hughes et al., 2017) advocates the need for different 

stakeholders to be given the opportunity to feed into the criteria that the system is evaluated 

against, because this can be useful in helping to make different system priorities explicit. In addition, 

it is suggested that the identification of multiple evaluation criteria can help provide a more holistic 

framework to evaluate the system against, as well as alternative system configuration scenarios (for 

instance, how do alternative configurations fare overall in an economic downturn, or where 

particular metrics are given greater weighting?). In this chapter, we now introduce three ways of 

evaluating alternative system designs. In Section 3.2.1 we evaluate the as-is and to-be system 

designs with respect to Clegg’s (2000) content principles; in Section 3.2.2 we consider the use of 

computer simulations to predict the behaviours of alternative designs; and in Section 3.2.3 we 

consider the assessment of system resilience.   

3.2.1 Evaluation of the Pizza Pizzazz design alternatives using Clegg’s (2000) content principles 

A comparison of the alternative system designs provided in Table 2 is given in Table 3.  In this section 

we use Clegg’s (2000) content principles to evaluate these designs in more detail.    

Table 3: Evaluation of the alternative system designs for the Pizza Pizzazz case study using Clegg’s 
(2000) content principles 

Principles ‘As is’ ‘To be’ 
Principle 8: Core processes should be 

integrated 

The service process is unambiguous 

but bottlenecks can arise at busy 

times because the process is split 

across the artificial organisational 

boundaries of the sub-teams. 

The service process remains 

unambiguous but individual workers 

aim to provide a complete, start-to-

finish, service process. 

In developing this alternative, it will 

be important to ensure that the 

information systems to be used 

match the requirements of the 

service process. 

In both cases, an early step in developing the design needs to be the design of 

the logical processes that will be used in each scenario. 

Principle 9: Design entails multiple 

task allocations between and among 

humans and machines 

The use of technology is limited to 

the payment system. 

Technology is used in all stages of the 

process; this gives customers some 

control over the speed of their service 

experience. 

Each scenario includes allocation of tasks between people and technology.  

The ‘as-is’ scenario is more heavily reliant on people and the ‘to-be’ scenario is 

more reliant on technology. 
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Principle 10: System components 

should be congruent 

Congruence with surrounding systems and practices is achieved through the 

payment system. 

The emphasis on manual processes in 

the service delivery and the 

preparation of pizzas to order 

minimises the need for integration 

with external systems. 

The use of technology for ordering, 

paying and communicating with staff 

creates new requirements for 

integration with external systems 

such as mobile technologies. 

The reliance on mass-produced pizzas 

creates a need to integrate with the 

central pizza kitchen which may, in 

turn, create a need for new IT 

systems. Integration failures will put 

the service delivery at risk. 

Principle 11: Systems should be 

simple in design and make problems 

visible  

If we regard the as-is system as the baseline then the to-be design is likely to 

be regarded as simpler for service users and staff but the design of the 

underlying to-be system is likely to be more complex. This evaluation highlights 

the importance of visibility and the need to consider it further in both designs. 

Principle 12: Problems should be 

controlled at source 

Systems are most effective when problems are easy to resolve as they arise.  

The high specialization of roles 

promotes a depth of knowledge 

regarding the likely bottlenecks in 

service, enabling these to be pre-

empted, as well as familiarity with 

strategies and ways of resolving these 

when problems do arise. For 

example, kitchen staff will be aware 

of the dishes that may prove most 

popular given the current weather 

conditions and either sell out or 

create bottlenecks in cooking. For 

example, pizzas sell better on a warm 

evening than a wet evening and there 

is limited capacity to prepare the 

dough fresh to order. Staff can either 

anticipate the spike in demand and 

prepare a greater number of bases 

early in service or ask waiting staff to 

influence subtly diners’ menu choices 
to spread demand across dishes. 

The engagement of waiting staff 

across the whole range of service 

activities may be expected to increase 

the range of problems that staff 

members may recognise. However, 

the depth of knowledge and 

experience in a given specialism will 

be limited, potentially reducing the 

likelihood that staff are able to 

successfully resolve the problem 

identified. The pre-prepared nature 

of the meals limits the scope for 

kitchen staff to intervene to resolve 

or respond to problems during 

service. For instance, if the pizza oven 

failed, they could not work with the 

range of raw ingredients to produce a 

greater number of pasta-based dishes 

or salads. 

Principle 13: The means of 

undertaking tasks should be flexibly 

specified 

The various roles are clearly defined. 

To ensure consistent quality and 

experience, the service and food 

preparation activities are also highly 

specified. The emphasis on 

consistency of experience limits 

opportunity for staff to develop their 

own style or ways of delivering the 

service. 

The individual tasks that staff 

undertake are highly specified and 

adaptation of these is limited by the 

constraints imposed by the 

technology (or pre-prepared nature 

of the food). The organization of staff 

within the service team is much less 

rigid, enabling a greater degree of 

autonomy over how each team 

operates, adapting to the interests, 

skills, and speed of the staff on any 

given shift. The team can self-

organize and decide who undertakes 

particular tasks and change this 

approach over the course of a shift. 

 

In addition to Clegg’s (2000) content principles, we introduce two forms of design evaluation that 

are especially appropriate for socio-technical systems: (1) simulations, and (2) assessment of 

resilience. To conduct these evaluations, we need more detailed descriptions of the two designs.  

Service blueprinting is a widely used tool for describing services and has been applied to engineering 

service systems (McKay & Kundu, 2014). The diagrams in Figures 1 and 2 are service blueprints for 
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the two designs. Service blueprinting highlights delivery processes and their visibility to customers; 

people and technology are not explicitly shown. Although the ‘to-be’ design appears simpler than 

the ‘as-is’ design (because it as it has fewer tasks and flows) the detailed process may be more 

complex due to the supporting technological infrastructure required. This introduces its own risks 

and impacts system resilience. 
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Figure 1: AS IS: “To provide customers with an affordable and efficient dining experience” 
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Figure 2: TO BE: “To provide customers with an affordable and efficient dining experience” 

3.2.2 Simulating system behaviours 

Given the complexity of the Pizza Pizzazz multi-team system, ABMS would be ideally suited to 

studying its function and systematically comparing the as-is and to-be scenarios. The capability to 

incorporate a range of variables, and to examine complex problems with non-linear outputs and 

feedback loops, makes ABMS an ideal approach for modelling complex socio-technical systems 

(Clegg et al., 2017). 

In the current scenario, we have three teams working together in a multi-team system (De Vries et 

al., 2016; Marks et al, 2005) to deliver a quality dining experience to restaurant customers. All three 

teams have inter-dependent goals and must communicate with each other and coordinate their 

activities to deliver the customer service. We could simulate this working environment using a 

hypothetical ABMS model. In the first ‘as-is’ scenario model, customers would enter the restaurant 

and explain their requirements to the front-of-house team who would seat them at an appropriate 

table and notify the waiting staff. The waiting staff would then take the customers’ orders and 

communicate these to the bar staff and the kitchen staff who would prepare the customers’ meals 

and inform the waiting staff who would deliver them to the customers. On finishing their meals, the 

customers would communicate with the waiting staff who would bring the bill to the customers and 

process their payment. In the second ‘to-be’ scenario model, customers would seat themselves on 

arrival and place their order via an electronic app on the restaurant’s tablet or their own smart 
phone. Staff members would be alerted to the order and one staff member would be allocated to 

the customers’ table. This staff member would then be responsible for all aspects of the service, in a 
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‘start-to-finish’ manner, from preparing the drinks and reheating the centrally prepared pizzas, to 

delivering the meal to the customers. 

Simulations would then be run for each of these two scenarios under a number of different 

operating conditions, varied systematically using an experimental approach (Robinson, 2016), to 

examine the effect on performance in terms of service time, operating cost, and customer 

satisfaction. First, in the control conditions, to establish the baseline performance levels, simulations 

of the two scenarios would be run under routine conditions. Here, the hypothesis would be that 

performance would be higher in the current ‘as-is’ scenario, as specialisation generally leads to 
higher peak performance during optimal conditions (Cressy et al., 2007). Once these baseline 

performance measures had been established, a number of experimental conditions would be run 

each introducing a number of non-routine conditions to the system. For example, one member of 

the customer group could have a food allergy, requiring non-routine food preparation (i.e., product 

variance) [Condition 1]. Alternatively, a member of the restaurant’s staff could be removed from the 

model, to simulate short-staffing due to sickness (i.e., service variance) [Condition 2]. Similarly, 

customer numbers could be varied from the baseline control condition, either reduced to simulate a 

quiet day (i.e., reduced system load [Condition 3]), or increased to simulate a busy day (i.e., 

increased system load [Condition 4]). 

Each simulation would be run multiple times, generating considerable data for analysis and enabling 

performance distributions to be identified. The accompanying hypotheses would be that the ‘as-is’ 
team configuration would out-perform the ‘to-be’ configuration in Condition 1 because the kitchen 

staff would be able to customise orders, whereas this would be more difficult with pre-prepared 

pizzas (in Condition 4) because specialisation permits more efficiency for busy periods. Meanwhile, 

the ‘to-be’ configuration would out-perform the ‘as-is’ configuration in Condition 2, because other 

staff members are able to step in to fulfil other roles, unlike the specialists, and also in Condition 3, 

as the quiet day enables the kitchen to run at a lower capacity and the chef does not have to work 

continually. However, the ‘as-is’ configuration would perform best in Condition 4, due to the extra 

efficiency enabled by specialisation. 

3.2.3 Assessing system resilience 

Different allocations of functions will also have different implications for system resilience and the 

different system architectures (‘as-is’ and ‘to-be’) can each be assessed accordingly. Resilient 

outcomes can be measured in three ways. First, the smaller the variability around mean 

performance, the more resilient Pizza Pizzazz would be (Pieniazek, 2017). The focus would be on 

performance variability, rather than the baseline performance level, because striving to deal with 

adversity can actually improve performance (Lengnick-Hall el at., 2011; Sutcliffe & Vogus, 2003). 

Second, during a disruption, the quicker the system can resume normal functioning, the greater its 

resilience (Bodin & Wiman, 2004). Third, given that resilience not only involves detecting and 

responding during a disruption, but also detecting and making changes proactively based on 

potential future disruptions, the lower the down-time of functions over time, the greater the 

resilience (Hollnagel, 2014; Pieniazek, 2017).  

Measuring the resilience capability of Pizza Pizzazz will involve assessing its ability to anticipate, plan, 

implement, learn, monitor, and respond (Pieniazek, 2017). Given that resilience is about using and 

sharing resources across boundaries to create slack (Kahn et al., 2018; Pieniazek, 2017), the different 

sub-teams within Pizza Pizzazz could vary in terms of the degree to which they share with or 

withhold resources from the other teams, thus enabling or inhibiting resilience. Furthermore, as part 

of anticipating and monitoring, both potential and actual environmental demands are likely to be 
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detected within the system and these can be recorded, assessed, and measured in their own right 

alongside resilience assessment. As variable environmental demands affect the different system 

parts, assessing the resilience of Pizza Pizzazz as a whole would likely not be sufficiently nuanced 

(Kahn et al., 2018).  

4 Discussion: Realising multi-team system design processes 

In this section we use the Pizza Pizzazz case study to develop thinking on Clegg’s (2000) process 

principles (see Table 5). Design processes are a key means by which one-off socio-technical system 

design processes can be systematised within organisations and practice. An important difference 

between technical and socio-technical systems is that the latter are not realised in the same way as 

physical products. For this reason, the systems design vee model introduced by McKay et al. (2018) 

is more appropriate here than traditional systems engineering vee models that include product 

realisation. The systems design vee model in Figure 3 highlights key aspects of systems engineering 

(the flow-down of design requirements and the flow-up of design solutions) and provides the basis 

for a design process that zig zags between functional aspects of the design (on the left) and solutions 

(on the right).  
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Figure 3: Systems design vee model (adapted from McKay et al., 2018)  

The vee model in Figure 3 can be expanded into a stage-gated design and development process. For 

simplicity, in this chapter we consider a two level vee where component and sub-system designs are 

merged. Figure 3 includes the three processes shown in Figure 4: (1) the flow-down of design 

requirements; (2) the flow-up of design solutions that are integrated into sub-systems and, 

ultimately, a whole socio-technical system that delivers the capability statement; and (3) the 

verification processes where design solutions are evaluated against design requirements. In Figure 4, 

the flow-down of requirements and flow-up of designs are shown as process steps and the 

verification processes are shown by the diamonds; details of the verification processes are given in 

Table 4. 
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Figure 4: Derived process for a system with one level of sub-systems and components (reproduced 

from McKay et al., 2018) 

Table 4: Details of the verification process in Figures 2 and 3 

 Design element being evaluated Evaluation with respect to 

V1 System architecture (and sub-system requirements) Initial capability statement 

V2 Each subsystem and component design Sub-system requirements 

V3 Overall system design Initial capability statement 

 

In the remainder of this section we consider how the case study relates to this generic design 

process and Clegg’s (2000) process principles using the process steps in Figure 4.  We begin by 

elaborating each of the process steps shown in Figure 4 and then reflect on how these relate to the 

process principles. 

Design & verify system architecture & sub-system requirements: Each scenario has the same initial 

capability statement but this is realised using different system architectures and different allocations 

of function between people and technology. The design descriptions that would result from this step 

would include system architectures, which could be used to inform the structure of computer 

simulations, but precisely what these architectures would be remains an open question. For 

example, Figure 5 shows three possible system architectures, two each for the as-is and to-be 

designs. From the customer perspective, it can be argued that the architecture is the same in each 

case, whereas if the system architecture is defined from the perspective of the service deliverer then 

there are clear differences. In all three cases, an indication of which sub-system will be done by 

people and which by technology (i.e., functional allocation) is missing from these architecture 

diagrams.  

For a physical system, the allocation of function would be done at the next level of system 

decomposition, in the subsystem architectures, as part of the Design & verify subsystems & 

components process step. Completing this step for a socio-technical system would require a way to 

develop and define functional descriptions, socio-technical systems, and their components (people 

and technology).  For this reason, such functional descriptions are likely to include requirements for 

and specifications of job designs, workspaces, management strategies, and technology-based 

solutions such as IT systems.  

The final process step, Integrate sub-system designs into whole system & verify w.r.t. system 

requirements, results in the description of the final design that is intended to deliver the required 

capability. For physical products, such a description is needed to enable the system to be realised.  

Its applicability to the design and development of socio-technical systems depends in part on the 

processes used to realise socio-technical systems. For many situations, these will be change 

processes and so very different to those used in the realisation of technical systems (Clegg & Walsh, 
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2004). An evaluation of these ideas for socio-technical systems design processes with respect to 

Clegg’s (2000) process principles is given in Table 5. 
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Figure 5: Possible system architectures for the as-is and to-be scenarios 

Table 5: Process evaluation using Clegg’s (2000) process principles 

Principle 14: Design practice is 

itself a sociotechnical system  

The implementation of the systems design process outlined in this 

section would include stakeholders and designers, individuals, and 

teams. Clegg refers to the need for structured methods, CASE tools, 

and new forms of working. The process introduced here would 

provide a framework within which such methods could be used, but 

there is a currently unmet need for new ways to record design 

decisions and outcomes that reflect social and technical aspects of 

the solution and the processes used to develop solutions. 

Principle 15: Systems and their 

design should be owned by their 

managers and users 

This could mean that, in a change process, restaurant staff should be 

included in the process. Design thinking and integral prototyping 

processes could support this and system simulations could form these 

prototypes. 

For resilience, simulations could highlight areas of risk, such as the 

number of suppliers of pizza ingredients in each case 

Principle 16: Evaluation is an 

essential aspect of design 

Evaluation is an integral part of the systems engineering process, and 

stage gates allow formal design reviews. In the context of this case 

study, customer feedback and financial profit could be used to 

evaluate design changes. 

Principle 17: Design involves 

multidisciplinary education  

Designing either the as-is or the to-be scenario requires specialist 

design knowledge and so multi-disciplinary working.  However, since 

this principle relates to the design process rather than the resulting 



Designing Socio-Technical Systems.docx 20    18-Nov-19 

[designed] process, we are unable to comment further on this 

principle. 

Principle 18: Resources and 

support are required for design 

Resources include staff time and tools to support design processes. 

Principle 19: System design 

involves political process 

Implementing organizational change is a political process and requires 

key stakeholders to be engaged with and supportive of the changes. 

This would need to be considered in the deployment of the to-be 

solution. 

5 Conclusions 

In this chapter, we have illustrated how socio-technical principles can be considered and embedded 

into the design of organizational systems. We have illustrated our approach with reference to a 

hypothetical case study of the restaurant industry, and introduced practical methods to facilitate 

and support such socio-technical system design. While our case study focused on a particular 

context, we believe that the underlying principles and approach are applicable to a wide range of 

organizational and societal domains and problems. 

While socio-technical principles are currently considered when developing organizational and 

technical systems, this is often done at a relatively late stage once the technical aspects of the 

system have already been designed and implemented. For instance, in architecture, post-occupancy 

user evaluations are common. While these existing approaches are useful, we are advocating a more 

proactive approach where the socio and human elements of the system are considered earlier in the 

design process, alongside the technical elements, as integral and inter-related components rather 

than as afterthoughts. With this aim in mind, we believe that the socio-technical tools and methods 

we have introduced in this chapter, such as the systems design vee, the scenario planning tool, and 

computer simulation, offer great potential for realising this vision. 

The ability to anticipate possible behaviours and functions of socio-technical systems in different 

environments will be extremely valuable, particularly if this extends to identifying emergent 

properties and unintended consequences. We believe that this is particularly important given rapid 

advances in technology and the implications that this will have for the automation of tasks and jobs, 

and the knock-on effects for functional allocation and potentially unintended consequences arising 

from this. We believe that the socio-technical approach and methods presented in this chapter can 

help organizations consider these issues in a more holistic and proactive way, earlier in the design 

process, so that systems can be optimised for performance and resilience. 
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