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Abstract. This paper attempts to understand innovation in the production 
environment of three different digital systems that support the 
manufacturing processes of industrial firms. Three cases were 
characterized through the lens of Service Dominant logic to assess the 
"smartness" of the services that the system provides. It achieves this using 
the dimensions 'service ecosystem', 'service platform' and 'value co-
creation'. The assumption used is that production or assembly may be 
viewed as a set of processes and hence in effect, a service. Furthermore, 
the digital system provided institutional arrangements to support value co-
creation. It was found that the digital systems provide services to the shop 
floor and management over different time frames. What was also identified 
from the analysis was that by using the three dimensions, it was possible to 
understand the system's limitations in terms of supporting the value co-
creation processes. 

1 Introduction  
Research today confirms an interest in the digital transformation of industrial firms [1,2], 
and many studies have considered the role of emerging technologies - often called the 
fourth industrial revolution (Industry 4.0) - as key to improving the competitiveness of a 
manufacturing firm [3]. Competitiveness improvements come in many forms [1,3]: new 
business models, new value propositions, or greater productivity. Within firms, the use of 
digital technologies to support the business (i.e., ERP), to support sales (i.e., CRM), or to 
support production (i.e., MES) have become commonplace. It is possible to consider all 
operational transactions and processes within the firm and, therefore, service operations 
between individual actors (both people and machines) [4]. This is, in fact, very close to the 
approach taken in Lean manufacturing, where the process diagram is used to help 
understand process steps at both micro and meso levels [5]. 

Manufacturing as a service is not a new concept, however with new digital 
technologies, it is now possible to have service-orientated smart manufacturing based on 
Ind4.0 approaches [6]. With the transition to "lot size one", manufacturing becomes more 
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complex and demanding for basic scheduling, production planning and maintenance [7]. 
The operation of production facilities with high levels of customer-specific requirements 
runs the risk of poor quality where digital technologies do not support the production 
process.  

Minimal consideration has been given to how these new digital technologies can 
support value co-creation as defined within the theoretical premise of service science and, 
more particularly, Service Dominant (SD) logic [8,9]. Many of the service innovation 
characteristics of these industrial platform-based technologies has been overlooked, even 
though they describe service innovation [8] within the perspective of SD logic [9]. The use 
of new digital platform-based technologies in a production environment allows the creation 
of unique ecosystems of multiple actors that are continually interactive. The operant and 
operand resources can be integrated and exchanged in these systems, supporting the 
beneficiary's value co-creation process [10]. The operant resources can be viewed as basic, 
composite, or interconnected within a firm and enable the firm to produce efficiently [11]. 
Therefore, any digital system that can support the integration of the operant resources is in 
line with SD logic. The integration of operant and operand resources requires institutional 
arrangements, which may be supported through digital technologies as they behave as 
resource integrators [10].  

This paper assesses the "Smartness" of three digital systems in “lot size one” production 
environments based on the ability of the digital strategy to support the value co-creation 
processes within the production and assembly environment of a firm. An alternative 
approach would have been to apply Lean methods to assess the contribution of the system 
to the firm's success by employing more traditional production metrics [12], although there 
are challenges in lot-size one production environments of applying such approaches [13]. 
Therefore, by focusing on value co-creation and SD logic, we consider that the assessment 
of the digital systems would be enhanced. Based on this, the research question for this study 
is: “does the framework for the assessment of smart services support the development of 
digital production support system?”. It is anticipated that we will also learn how to design a 
digital system that captures the basics, then scales, and is future proof, particularly when the 
firm does not know its initial needs, never mind future requirements. Using this approach, 
the focus will be on each system, how they are designed for the individual applications and 
will not focus on the firm supplying the system. 

This paper is structured as follows, background where the underlying concepts are 
described, the methodology to provide insights to how the research question was answered, 
the results and analysis, a discussion structured around the framework and also providing 
managerial and theoretical insights, and, finally the conclusions with recommendations.  

2 Background 
The following paragraph provides background information on the changes in customer 
demand and the digital transformation in production systems. This leads to a data-driven 
view of a production system which is connected to the concept of value co-creation. 

2.1 Customer demands and new technologies drive change in production 
systems 

To fulfil the requirements of more and more customer-individual products within 
production systems [2, 14], integrated business solutions are needed [15]. Through digital 
technologies, the flexibility and service orientation that are needed can be achieved [16]. 
Understanding the production system as well as production planning are key aspects to 
success in future strategic positioning [1,2,]. These dimensions are build basics to realize 
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the increasing complexity and variety in market demand within the production. The 
flexibility of production systems and the changes in the market require a correspondingly 
adapted understanding of production planning.  

Industry 4.0 is better known as the ‘Smart Factory’, referring to the fourth industrial 
revolution where manufacturing collaborates with new (information) technologies to 
increase output [1,14]. These technologies enable the “development of the value chain 
resulting in reduced manufacturing lead times, improved product quality, and 
organizational performance” [4, 16]. Advances in communication technology have a major 
impact on this transformation to interconnected manufacturing elements and to so-called 
cyber physical systems [2]. Therefore, physical devices are enriched with sensors, 
processors, communication technologies, etc. to ensure information exchange between 
humans, and between machines, but also between humans and machines [17]. An 
integration across the value stream leads to an IT-enabled production process with 
customized products. However, human capabilities should be enhanced by smart solutions 
on the shop floor and not be replaced by them [4]. Through the application of Industry 4.0 
technologies, a high level of process integration in human-machine collaboration can be 
achieved, particularly shop floor equipment integration [16, 17]. 

A good starting point for improvement of the production system would be the holistic 
application of Lean principles [14]. Nonetheless, many manufacturing systems are still 
based on the traditional batch and queue principles instead of single piece flow, which has a 
considerably shorter process lead time [18, 19, 20]. Lean is often oversimplified and 
reduced to the concept of Kaizen (i.e., continuous improvement) and elimination of Muda 
(i.e., waste elimination) [14]. Further, the authors explain that it needs to be understood that 
Lean is not a toolbox, but more of a synergic tool system. At this point, the normal two-
pillar Toyota Production System usually leads to isolated tools being selected, which will 
lead to an improvement but probably not to a stable optimum [14].  

Using Lean as a foundation, smart manufacturing (i.e., focusing on data and data 
analytics) is enabled through the use of new data resources [4]. Aiming for more agile 
operation and learning factory, in a continuously changing environment means that 
organizational and cultural aspects more relevant than the technical aspects [18, 21].  

2.2 Data-driven sustainable production system 

To reveal the full potential of Industry 4.0, a rise of integrated key technologies vertically 
and horizontally is needed [4,16]. While integration should help to support industrial 
business processes and business networks, the focus relies on a consistent solution [22]. 
According to Abele et al. [22], the horizontal integration links processes within the value 
stream, while the vertical layer focuses on hierarchical integration. End-to-end integration 
will be enabled by these horizontally and vertically integrated layers, whereas horizontal 
integration also allows the integration of multiple factories through a value network. In 
order to achieve the objective of smart factories, data collection and data processing within 
the value stream is crucial [19,21]. 

One tool which helps with decision-making to optimize production output is the 
manufacturing execution system (MES) [19,23,24]. Current performance indicators of 
production are visualized on a dashboard. MES are generally task oriented and lack forward 
looking analytics and prediction technologies [23], however, connecting manufacturing 
elements and making use of data is a key element of Industry 4.0 and provides 
opportunities to enhance production efficiency [22]. Making use of data should not be 
restricted to MESs, it should also be connected to product life cycles [17]. As illustrated in 
their work, collecting and aggregating data of different sources leads to some sort of a data 
lake, from which insights can then be drawn through advanced analytics. Analytics can be 
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performed on different autonomy levels, providing deeper insights [25]. This helps to 
determine the degree of autonomy for a specific use case. An example of advanced 
analytics is a production twin that focuses mainly on planning, increasing production 
efficiency, and reducing throughput times through simulation or improved operations cost 
[26,27]. 

In summary, the convergence of the real and digital worlds is creating new potential to 
increase productivity. Simulations and data analytics are the basis for understanding and 
optimizing current processes in a more adaptable and agile way. 

2.3 Concepts that underpin value co-creation 

SD logic is a meta-theoretical framework that challenges traditional goods dominant logic 
that is has been used in many industrial environments [28]. Initially, it emerged from the 
academic marketing area as its core was the view of value co-creation [29, 30,31]. SD logic 
provides a view of value co-creation based on ten premises and five axioms; critically, they 
state that value is always co-created by multiple actors and that the value co-creation 
process needs institutional arrangements to coordinate the process. The development of 
solutions, therefore, needs multiple actors from within the relevant ecosystem.  

Digital technologies can provide the necessary institutional arrangements to support the 
value co-creation process as they can act as resource-integrators [32]. Moreover, digital 
technologies allow digital resources to become accessible across a system and accessible to 
more actors, including potential beneficiaries, therefore opening up new value co-creation 
opportunities [9,24,34]. 

Three dimensions relevant to service innovation in the digital age [35]: service 
ecosystem, service platform, and value co-creation. Underlying these, there are ten 
characteristics from the SD logic literature that were important for value co-creation. Their 
paper linked the term "smart" with the potential for value co-creation offered by a digital 
solution, which is in line with some of the literature [36, 37]. The use of "potential" 
supporting value co-creation is important, as the value can only be determined by the 
beneficiary and within a specific context [38]. More technical definitions of “smart” that do 
not consider value co-creation are excluded [39]. 

3 Methodology 
Research based on multiple case studies with further analysis was selected for this study 
[40] in order to answer the research question. Three cases were developed based on the 
research of two of the authors. The cases were selected because they are all based in the 
production environments of firms, and in all cases the authors have several years of 
experience with the firms. Also important was that the three cases are from manufacturing 
firms with high degrees of product variance.  

Development of each case followed a similar approach, initially creating a contextual 
description, identifying the actors, the approach applied to identify the system’s 
requirements, and the actors’ expectations in the short- and long-term. A sketch of the 
problem space, describing the actors, material flows, information flows and machines was 
created to support building a common understanding of the problem space. This approach 
was taken in each of the cases to understand the requirements of the digital system. 

The actors’ expectations were then used to provide detailed solutions for the firms, 
which are reported in this study, to help answer the research question, having been assessed 
through the lens of S D logic [35]. The scoring was undertaken independently by each of 
the authors prior to a joint assessment by all authors using a 5-point Likert scale was 
applied [41]. The criteria were rated from 1 (poor) to 5 (excellent). The cross-case analysis 
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also included an assessment of the level of the Industry 4.0 complexity level of the 
solutions [25]. 

Table 1. Basic data capture for the cases 

Contextual 
description 

Problem description; target market; conceptual solution; expected 
impacts; comments 

Actors Identification of actors and roles  
Approach to 
identify 
requirements 

Insight into the process used to capture the digital system’s 
requirements and the actors’ expectations in the short- and long-
term 

4 Results and analysis 
The results introduce each case from different perspectives. All of the cases follow the 
same general structure to help describe the context in terms of the business case, the 
assumed business case, the actors, the approach taken to identify the requirements in both a 
short and longer-term. An example of the problem space is provided for each case to help 
the readers understand the complexity of each case. The section closes with a comparison 
of the cases based on the “smartness” Framework [35]. 

4.1 Case 1 – improving assembly activities for configured-to-order 
production 

Case 1 (details in Table 2 and Fig. 1) is based on an industrial equipment firm that 
manufactures and assembles configured-to-order products used in many process industries. 
The firm is well established in these segments and has made considerable investments in 
Lean and process improvements.  

The main area of focus here is around the visibility of assembly activities at the local 
level. Operators rely on multiple data systems, with duplicated information introducing 
errors and delays. Also, they have a high dependency on paper reports and change 
notifications, requiring manual version control from supervisors. Their initial objective was 
a system that integrates resource planning system and document management into the core 
enterprise and replaces excel and paper side systems. The system should eventually 
incorporate life-management systems and lay the foundations for machine monitoring and 
control in the medium term. As a long-term aim, the solution should scale to cover other 
sites and allow for cross-site analytics.  

Critical stakeholders for this effort are local production management, operations, 
logistics, and product development, supported by IT Infrastructure, Service, Information 
Security, and Integration teams. 

Initial areas of focus were gathered via an interview with the key stakeholders and 
validated via observation of real-life occurrences. Requirements were captured as high-
level functions and weighted according to importance. As part of a vendor review, the team 
performed a gap analysis on the available function and mapped it to the defined to-be 
process. 

During the first phase, they focused on integration into the existing resource planning 
system and improving the process for individual product ranges. For a later second phase, 
they would integrate the digital production support system with the shop-floor machines. 
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Table 2 Contextual description for case 1 

Problem 
description 

Current systems lack visibility at production level 
Operators rely on multiple information sources 
Unnecessary worker motion  

Target markets Configured-to-order asset operators in process industry 
Conceptual 
solution 

‘Traditional’ on-premises MES solution 

Impact Improved production visibility via more granular and timely 
reporting, available at operator workstations 
Increased support effort on local IT function 
Minimal impact on ERP function and maintenance  

Comments Significant experience in process improvement 
‘Bottom up’ improvement culture 
Focus on the process rather than the software 

 

 
Fig. 1. Multiple resources of data and multiple actors within the system 

4.2 Case 2 – supporting purchase decisions to ensure material availability 

Case 2 (details in Table 3 and Fig. 2) considers a design-to-order SME. The company 
designs and manufactures furniture based on individual customer requirements. The firm 
aimed to increase the efficiency and flexibility of the production processes. To achieve this, 
they identified that they would need a new digital system to connect all of the processes and 
provide higher-level analytics.  

The firm identified five use cases via a hybrid Design Thinking/Lean approach. This 
was achieved through the active involvement of external experts and employees, directly 
and indirectly involved in the production process. The process within the factory was based 
on design-to-order, with many different configurations for the final goods. Materials flows 
within the business were critical, and having the materials available enabled the firm to 
manufacture the final goods via a complex process of cutting, coating, and assembly. There 
were many manufacturing pathways within the system, although all ended with the goods 
being loaded directly onto the delivery lorry. The manufacturing process impacted many 
different departments within the firm and many different workstations. 
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Table 3. Contextual description for case 2 

Problem 
description 

Lead time of material orders is longer than the lead time for product 
orders.  
Procurement orders material without reliable sales forecasts. 

Target 
markets 

Designed-to-order furniture for homes (B2B and B2C markets) 

Conceptual 
solution 

Building, evaluation, and implementation of a methodology to 
support purchase decisions by use of data. 

Impact Improvement of the order fulfillment while decreasing fixed costs 
and average inventory on hand. 

Comments Proof of concept showed that the built model provides a feasible 
solution. Evaluation of more articles is needed.  
Expect further system integration. 

 

 
Fig. 2. Multiple resources of data and actors with problem space visualization 

Material lead times were causing problems in production operation, as lead times were 
extending, and the customer lead times had not been extended to accommodate the change 
in lead times. Historical data was used to help forecast demand, yet this was based on 
stand-alone systems with limited access to monitoring. The firm did not have an 
appropriate system to support decision-making in production between different actors (i.e., 
procurement, production, and sales). Other constraints within the firm's resources existed. 
Many of the staff were concerned with the warehouse capacity, which could not be adapted 
in the short-term, and in the longer term could be extended only at a high cost. 

The proof of concept was developed and tested locally. This testing could be moved to a 
cloud for more advanced analytics. The proof of concept supported the different actors and 
allowed them to jointly make decisions to improve production and better match demand 
with supply. 

4.3 Case 3 – configured to order for process engineering products 

Case 3 (details in Table 4 and Fig. 3) is from an engineering company that manufactures 
configured-to-order modular components used in production industries, such as 
downstream oil and gas, and pharmaceuticals. The firm is a well-established company but 
less experienced with process improvement methodologies. The company has an existing 

 

 

Table 3. Contextual description for case 2 

Problem 
description 

Lead time of material orders is longer than 
the lead time for product orders.  
Procurement orders material without 
reliable sales forecasts. 

Target 
markets 

Designed-to-order furniture for homes 
(B2B and B2C markets) 

Conceptual 
solution 

Building, evaluation, and implementation 
of a methodology to support purchase 
decisions by use of data. 

Impact Improvement of the order fulfillment while 
decreasing fixed costs and average 
inventory on hand. 

Comments Proof of concept showed that the built 
model provides a feasible solution. 
Evaluation of more articles is needed.  
Expect further system integration. 

 
The firm identified five use cases via a hybrid Design Thinking/Lean approach. This was 
achieved through the active involvement of external experts and employees, directly and 
indirectly involved in the production process. The process within the factory was based on 
design-to-order, with many different configurations for the final goods. Materials flows 
within the business were critical, and having the materials available enabled the firm to 
manufacture the final goods via a complex process of cutting, coating, and assembly. There 
were many manufacturing pathways within the system, although all ended with the goods 
being loaded directly onto the delivery lorry. The manufacturing process impacted many 
different departments within the firm and many different workstations. 
 

 
Fig. 2. Multiple resources of data and actors with problem space visualization 

Material lead times were causing problems in production operation, as lead times were 
extending, and the customer lead times had not been extended to accommodate the change 
in lead times. Historical data was used to help forecast demand, yet this was based on 
stand-alone systems with limited access to monitoring. The firm did not have an 
appropriate system to support decision-making in production between different actors (i.e., 
procurement, production, and sales). Other constraints within the firm's resources existed. 
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investment in PLC systems, and telemetry data is available, although with some significant 
gaps, and this needs manual collection and analysis in spreadsheets. 

Table 4. Contextual description for case 3 

Problem 
description 

Mismatch between booked hours and material usage.  
Infrequent and manual reporting obscures issues 
Data generated but not complete and not applied to root cause 
analysis 
Best practices not shared between sites  

Target 
markets 

Configured-to-order process engineering modules 

Conceptual 
solution 

Bespoke IoT monitoring solution 
Cross site implementation  

Impact Greater visibility of production progress 
Cross site comparison and potential for load balancing 
Some process alignment between sites  

Comments Less experience in process improvement 
‘Top down’ improvements, required local acceptance  
Up-front effort. Many changes at once, simplified ongoing 
management 

 
The firm has identified issues with the visibility of operations at a global level and 

operator level. Most notably, with the production line monitoring of machine telemetry 
data, used to gauge progress at machine, line, site, and enterprise levels. It has been 
highlighted by the global operations team that there are often discrepancies between booked 
hours and material usage. These issues prove challenging to investigate remotely because 
reporting is manual and infrequent. 

In the long term, the aim is to connect all sites and share best practices. Key 
stakeholders are global operations, local operations, senior site management, senior global 
management, and local IT. Given the high-level needs, a cross-site team was assembled to 
ensure a solution was fit-for-purpose across all of the firm’s installations, along with the 
strategic software vendor. This caused considerable overheads in the preparatory stages of 
the project, with the team needing to compare and align standard processes across a range 
of ERP systems. Key terminology and KPIs were defined in a shared glossary, and key 
processes were mapped. 

Needs were captured as high-level user stories (covering requirements and acceptance 
criteria) and reviewed by the team and vendor, with multiple sessions to clarify. Overall 
equipment effectiveness measurement at the production level and inter and cross-site 
comparisons were highlighted as the highest priorities. Long-term needs were out of this 
study’s immediate scope, however, the need to use the data at a later stage for deeper 
analytics is considered necessary. 

As the focus was on monitoring and used shop floor systems rather than adding an 
additional system, it was agreed that a cloud-based monitoring system, with some edge 
devices, was used to collate disparate data into common structures. This resulted in 
reducing the local IT components (such as database and web servers) but still required 
significant local investment to capture and unify data from existing machine-based systems 
and re-architect these areas into an operational environment that could push data to a cloud 
application. 
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Fig. 3. Multiple actors and multiple sites 

5 Discussion 
The discussion of the results opens by first comparing the ‘smartness’ of the three cases and 
the level of the monitoring and diagnostics. Before moving to the discussion of the 
individual major dimensions, the discussion considers the impact on monitoring and 
diagnostics aspects. The managerial and theoretical implications close the discussion. 

5.1 Case analysis based on the “smartness” framework 

First, the three cases are considered to confirm their suitability for a cross-case analysis 
(Table 5). This includes an assessment of the use cases and the approaches taken to help 
identify the requirements, before moving to the assessment of the value co-creation when 
viewed through the lens of SD logic. The level of the monitoring and diagnostics for the 
short- and long-term is provided in the table for ease of comparison.  

Table 5. Cross-case analysis of the three cases 

Major Dimensions Key Characteristics Case 1  Case 2  Case 3  
Service Ecosystem Flexibility & integrity 4 4 2 

Shared view 4 4 2 
Actor roles 3 3 3 
Architecture 3 2 3 

Service Platform Modular structure 4 4 2 
Rules of exchange 3 3 2 

Value co-creation Value creation between actors 4 3 4 
Interactions between diverse actors 3 2 4 
Accommodation of roles 2 2 3 
Resource integration 3 2 3 

Monitoring and 
diagnostics level 

Short-term 1 2 3 
Longer-term 4 4 3 

 
The discussion will open with the three SD logic major dimensions that align with the value 
co-creation potential that the digital systems could provide [35]. After considering these, 
the discussion focuses on the more technical aspects of the levels of monitoring and 
diagnostics, which have been described in the short term and the long term. This aspect 
considers the future-proofing of the systems and is therefore associated with the 
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sustainability of the potential value co-creation offered. The section closes with managerial 
and theoretical implications. 

5.2 Manufacturing smartness considerations 

This section considers SD-logic in manufacturing and does this by considering the service 
ecosystem, the service platform and the value co-creation [35], it closes by discussing the 
monitoring and diagnosis aspects.  

5.2.1 Service Ecosystem 
All of the digital systems are connected to complex systems (ecosystems) where the actors 
are a mix of individuals or teams with different roles within the ecosystem. The resources 
within the system were materials, including the consumables needed for the tasks, and the 
machines and equipment. The digital technologies support and aid the flows of information 
to the individual actors. The use of the assessment framework [35] helped the development 
teams to understand the limitations that they were designing into the system. Limitations 
that may not have otherwise been considered based on the traditional ‘need finding’.  

Case 1 scored highly as it provided support for many interactions and touchpoints by 
integrating core systems and replacing side systems. It also automated the management of 
the data ensuring the correct information is available for all actors when needed, in a form 
in which they could consume. Case 2 provides flexibility in integration, since it is a basic 
concept and can be integrated either in the existing information system environment or via 
a separate app. Different actors need the process to run smoothly so they can focus on their 
own jobs. The final case (Case 3) was developed to allow the firm to consider the strategic 
portfolio view of the operations and therefore rates highly on the architecture and its ability 
to provide multi-role perspectives. This was important as the system provided in effect a 
system-of-systems perspective, with the purpose of high-level comparisons and 
opportunities for best practice sharing and targeted workload balancing 

5.2.2 Service Platform 
The consideration of the service platform, which is in effect at the core of the digital 
technologies, provided a surprisingly wide range of rankings. Cases 1 and 2 scored highly, 
whereas Case 3 was significantly poorer.  

The modular structure was at the core of the technology in Case 1, as in part, it came 
from the need to grow as new needs arise and allow standardization opportunities across the 
firm’s divisions. For Case 2, there was a managerial preference for a modular/ scalable 
solution, as the concept is expected to adapt to a wider range of production and supply 
chain problems in the future. Case 3 was designed to unify multiple disparate systems into a 
global, centralized platform, and so the modular structure was considered less important. 

Considering the rules of exchange between alternative systems and platforms, Cases 1 
and 2 scored best as they both had the need to scale and connect with other systems. Case 3 
was different and was not fully considered, although in hindsight, the assumption may 
prove to be incorrect.  

5.2.3 Value co-creation 
This is, in effect, the aspect of core importance for this paper and is based on the current 
systems installed rather than the future potential. Value co-creation occurs when two or 
more actors collaborate, and here the digital technology supports the resource integration 
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and allows different actors to collaborate on multiple time horizons and with different roles. 
In effect, supporting decision making on the micro-level. 

All of the cases support value creation between multiple actors and, as a consequence, 
reflect the social interactions that take place in an operational environment. The cases show 
a different approach to diverse actors, Case 3 performs poorly compared with the other two 
cases, suggesting that in the longer-term the initial premise may be questioned. Case 1 
provided examples of integration with actors external to the firm as well as internal actors. 
Case 2 wanted to integrate more internally within the firm to include sales, who would then 
(outside the system) contact their customers. The accommodation of roles in Cases 1 and 2 
was considered more as an afterthought, and it is assumed in the longer-term this will be 
adapted. Interestingly, Case 2 suffered with both the integration of roles and resource 
integration and may suggest a lower level of maturity of applications or from a focus to 
have a system up and running. Case 3 demonstrated better accommodation of roles 
however, this may be due to a more focused application. Resource integration was for both 
Cases 1 and 3 high, reflecting the individual cases, one being focused on a single complex 
production system, whereas Case 3 was a system of factories. Case 2 has a “simple” 
mission to integrate resources within a single production facility. 

5.2.4 Monitoring and diagnostics level 
The short-term versus the longer-term expectations of the level of M&D capabilities [25] 
confirmed that Cases 1 and 2 are both expected to improve and move towards a more 
advanced analytical approach based on the lessons learnt from the use of the digital 
technologies. This is a clear phased approach, based on modules, and would be expected to 
support change management. Case 3, on the other hand, had a very simple road map with 
limited additional integration of new technologies into the system. This may be premature 
as, with use, any digital system generates new understandings of how it could support value 
co-creation through further resource integration, however, the business case was based on 
basic monitoring. 

5.3 Managerial implications 

The cases all have many actors, many machines, and many processes and viewpoints 
involved. A key aspect of factory digitization is arguably less the technology 
implementation per se but the opportunity to review and optimize foundational processes 
(potentially for the first time in many years) and ensure that they are still fit-for-purpose 
[4,17,25]. The digitalization aspect allows an ongoing measurement to ensure adherence to 
process and continued improvement. A common first step for all these efforts was to 
establish a shared problem space, and on reflection it can be seen that this is context-
dependent. There are several levels to this with very different needs served, but all are 
required to ensure value co-creation. The operational/production line level considerations 
are on ensuring performance, machine availability, and minimizing defects. A more holistic 
approach for resource planning and work status is the focus at the site level. In contrast, at 
the enterprise level, the focus becomes more strategic, with questions such as ‘what are the 
best-performing sites, products, or lines, and how can we optimize our workloads?’. This 
builds upon the connection and integration of resources within the factory environment 
[4,11,14,17,18]. As a final management reflection, is it easier to focus on the technology 
aspects rather than the development of a smart digital technology to support production? 
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5.4 Theoretical implications 

On a practical basis, the framework [35] supported the decision-making processes for 
developing the systems, ensuring that opportunities were not overlooked during the design 
phase thus, bridging the gap between the meta-theoretical approach of SD logic and 
supporting its operationalization. Furthermore, the framework provides a prompt to the 
development team (supporting value co-creation) to consider non-technical aspects that 
could support value co-creation during the system’s use. Doing so helps the team to move 
past the technological elements and consider the application more widely, and builds upon 
the literature [29,32,33,34].  

Focusing on SD logic theory [38], the cases demonstrated that transforming raw 
materials into finished goods is a complex set of operations in a complex ecosystem with 
system orchestration where service is the fundamental basis of exchange (FP2). Making 
operant resources more freely available to the actors provides the strategic rationale for 
digitalization (FP4). Production itself involves many actors (including beneficiaries) and 
resources and different levels (micro and meso) that interact and co-create value both 
throughout the initial set-up of a digital system to support production, and during the 
operational use of such a system (axiom 2). The value co-creation is supported by the 
institutional arrangements provided by the digital technologies, which were, in fact, actor-
generated (axiom 5). 

6 Conclusions and recommendations 
This study considers three different applications of factory-based digital technologies to 
support production planning and control. Each of the systems reviewed had the common 
theme of many actors, many machines, and many processes, and all were based on made to 
order manufacturing environments. The development of the systems was led by IT-trained 
people, and they wanted to create a system that would be able to support value co-creation 
through the application of the digital technology they were using, rather than the more 
deterministic approaches of more traditional MES. Although in different firms, each 
application was developed through the integration of input from different actors from the 
wider production environment.  

The use of the “smartness” framework [35] provided an additional set of questions for 
the development teams, which otherwise might have been overlooked. The use of the 
framework was reductionist compared with the full set of SD logic axioms and foundational 
premises, nevertheless during the development phase it provided a practical approach that 
helped to realize a non-technical view of “smart” through a potentially more abstract 
consideration of “value co-creation”.  

The three cases confirmed that production processes can be considered in terms of a set 
of service operations. The digital systems provide the institutional arrangements that 
support the value co-creation processes amongst diverse actors through the integration of 
resources in new ways. Within service sciences, the application of SD logic is well 
described However, within the information science community it is less well known and 
applied, and therefore it is recommended that more practical approaches to its application 
are developed. 

This work is a snapshot of three cases, over a short timeframe, and this will create 
limitations to the applicability of the results. It is recommended that the systems are re-
assessed in 18-24 months’ time to re-confirm the systems’ ‘smartness’ and the ability of the 
systems to support value co-creation. Therefore, the validity of this multiple case study can 
be further elaborated. 
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