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Abstract 

There is an exponential increase in information systems with few or no organizational 
rules initially embedded in them, such as the Industrial Internet of Things (IIoT). 
Implementing these systems has been identified as an important challenge in practice and 
research. However, past information systems implementation research has mostly 
focused on systems with many organizational rules embedded in them. We present an 
initial case study of implementing IIoT using a regulation lens. This research 
demonstrates the embeddedness of rules within systems leads to different implementation 
processes and develops an initial process model of implementing systems with few rules 
embedded in them. These results show the usefulness of viewing implementation as 
regulation and suggest opportunities to improve implementation outcomes for IIoT. We 
plan on continuing this research by conducting a multiple case study. 

Keywords: Implementation, Industrial Internet of Things, IIoT, Industry 4.0, regulation, 
weakly structured information systems, affordances, assimilation process 

Introduction 

The fourth industrial revolution (4IR) was conceived with high fanfare in 2011 (Kagermann et al., 2013). 
Since then, it has garnered wide industry and government support with growing financial backing (Sullivan, 
2018; Trotta & Garengo, 2018). Industrial Internet of Things (IIoT) forms the key technology of 4IR because 
it enables networking between machines, which is fundamental to realizing the 4IR vision of complex 
intelligent manufacturing systems composed of interconnected, context-aware machines (Culot et al., 
2020). We define IIoT as “a system comprising networked smart objects, cyber-physical assets, associated 
generic information technologies and optional cloud or edge computing platforms, which enable real-time, 
intelligent, and autonomous access, collection, analysis, communications, and exchange of process, product 
and/or service information within the industrial environment” (Boyes et al., 2018, p. 3). After a decade of 
effort, 4IR has yet to meet its economic and productivity goals (U.S. Bureau of Labor Statistics, n.d.-b, n.d.-
a). One reason is that implementing IIoT technologies has been found to form a major challenge technically 
and organizationally (Hoyer et al., 2020). 4IR implementation research has focused mainly on the firm 
level adoption of the technologies (Hoyer et al., 2020), less on how the work organization and technologies 
mutually adapt over time. Yet, the latter has been shown to be critical for successful implementation 
outcomes (Brynjolfsson & Hitt, 2000). Overall, organizational implementation forms a significant obstacle 
to realizing the initial 4IR vision and remains poorly researched. 

Past IS research on implementation has leveraged individual, economic, and organizational perspectives. 
We use an organizational perspective (Lyytinen and Newman 2008; Berente et al., 2019). A recent framing 
recognizes organizational implementation as establishing compliance with organizational rules embedded 
within information technology (IT) systems (de Vaujany et al., 2018). The rules state what actions should 
or should not occur in given contexts. Such rules are intersubjective; they carry meaning and establish 
power relationships within local practices. Users must translate the rules embedded in the IT during 
implementation, which changes local practices. This rule-based perspective elucidates the extent to and 
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conditions under which implementing an IT system amounts to a regulatory change in organizations. The 
majority of IS implementation research has focused on types of information systems that centrally 
coordinate and embed many organizational rules such as enterprise resource planning systems (e.g., 
Berente et al., 2019) and process management systems (e.g., Dumas et al., 2018). We label these systems as 
strongly structured systems. Research on implementing strongly structured systems suggests that 
implementation demands local practices to comply with the rules embedded in the system over time. The 
implementation process seeks to clarify the meaning of rules during the system’s use as to reduce the 
difference between current practices and the practices imposed by the system’s rules (Berente et al., 2019). 

Unlike strongly structured systems, IIoT systems surface data about states in the environment but are 
typically not integrated with a standardized organizational process. Data is produced by the IIoT system 
and local users must figure out how to do something useful with that data for the work process. For example, 
IIoT systems contain sensors that measure electric current, temperature, or vibration which allows users 
see the real-time status of machines or parts and use historical data to compare and predict their 
performance. But the IIoT system does not prescribe how to use that data within the setting. Therefore, 
IIoT systems do not carry many organizational rules when they are introduced into a workplace. We label 
these systems with few or no organizational rules embedded in them weakly structured systems. Previous 
research on weakly structured systems suggests that their use is established through an incremental 
discovery process around contextual system uses often first at the individual level (Leonardi, 2011) that can 
be shared and become collective group affordances (Leonardi, 2013). Expansion of such shared uses leads 
to cumulative changes in local information flows and social structuring (Leonardi, 2007, 2013). These 
insights suggest that implementing IIoT systems is likely to differ from strongly structured systems. Such 
differences in embeddedness of rules imply that findings and theorizing from researching implementation 
of strongly structured systems do not easily generalize to weakly structured systems (Lee & Baskerville, 
2003). There is a growing need to understand implementation processes of weakly structured systems. We 
are experiencing an exponential increase in these types of IT use as we increasingly digitize the physical and 
social worlds surrounding us. The benefits of IIoT systems cannot be fully reaped unless we understand 
how systems with few embedded rules can be effectively implemented and assimilated in organizations. 

We propose a new theoretical scaffolding to study the implementation of weakly structured systems focused 
on how local systems with few or no organizational rules become regulated. We analyze how such uses are 
legitimized at the work system and organizational level. Legitimate can be defined as “conforming… to rules; 
sanctioned or authorized by… right principles; proper” (Oxford English Dictionary, 2023). Simply sharing 
affordances does not mean that those affordances will automatically become shared and applied. When the 
local use is recognized as legitimate at the organization level through rules, the use is more likely to be 
organizationally shared. Nascent theorizing of IT implementation as regulation provides initial scaffolding 
and evidence for how this happens, i.e., how practices surrounding technology use become expressed in 
rules later embedded in the system (de Vaujany et al., 2018; Eley IV & Lyytinen, 2022). These initial 
analyses highlight how the continuous creation and formulation of legitimate rules during implementation 
make consistent use of the system feasible. The research questions we ask: How do users share and 
legitimize affordances they discover in weakly structured systems? What are the effects of using IIoT 
systems based on the implementation process used within the organization? 

This paper makes an initial effort to answer these questions by conducting a multi-site case study of several 
local implementations of IIoT in situ as an emergent regulatory process. We advance novel theorizing 
around weakly structured system implementation. The study also contributes to the growing corpus of 
knowledge of how the emerging digital innovation regime is being erected whereby the digital, physical, 
and social worlds become increasingly enmeshed (Lyytinen, 2022). 

Literature Review 

Regulation is the “collective process constitutive of rulemaking, rule maintenance, rule following, and rule 
enforcement achieved by organizations’ members through the configuration and mobilization of 
appropriate resources” (de Vaujany et al., 2018, p. 757). Here rules “state what ought or ought not to 
happen given a set of conditions” (de Vaujany et al., 2018, p. 757, italics in original). The authority of a rule 
can be endogenous (i.e., from within the social group to which the rule applies), exogenous (i.e., from 
without the social group to which the rule applies), or joint (a combination of endogenous and exogenous) 
(Reynaud, 1988). IT-based regulation (de Vaujany et al. 2018) is constituted by the trifecta of rules, 
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practices, and IT artifacts. Their relationships enable the use of IT artifacts as mechanisms to convey, 
enforce, and perform rules in local practices. This form of regulation differs from non-IT-enabled regulation 
due to IT’s unprecedented ability to “store, disseminate, diffuse, and enforce rules across time and space” 
with speed and low cost (de Vaujany et al., 2018, p. 758). This affords novel ways for organizations to engage 
in rulemaking, rule maintenance, rule following, and rule enforcement. Organizational rules can be stored, 
managed, and embedded within the IT systems at scale and adjusted flexibly over time. IT artifacts can 
dynamically vary the extent and types of organizational rules that are embedded in them. The types of rules 
embedded form a continuum of organizational embeddedness. If the rules originate from organizational 
rule-making and institutionalized rule maintenance, they are strongly structured. If the rules have a weak 
connection to established regulatory practices, they are weakly structured. These are not exclusive 
alternatives: the same system can be more or less strongly structured depending on the specific practices 
that surround how organizational rules and the IT artifact in use relate and are mobilized and to what extent 
the system embeds organizational rules and of which type.  

Most past research has focused on strongly structured systems. These systems generally increase an 
organization’s control and coordination capability by conveying centrally defined rules that are expected to 
regulate the structure and execution of activities within organizations. They also record execution of such 
activities and their aggregation through the informating capability of the systems (Zuboff, 1988). Given the 
nature of these systems, past implementation research has mostly focused on how to implement strongly 
structured information systems in ways that local practices comply with rules embedded in the system. 
Simply, implementation seeks to establish compliance for centrally agreed-upon rules among local 
practices. Implementation clarifies the meaning of the system rules and seeks to overcome discrepancies 
between local practices and system rules. Often, this is achieved by overcoming user resistance to rule 
compliance imposed by the system use. For example, Berente et al.’s (2019) qualitative meta-analysis of 
implementing enterprise systems found that the faithfulness of rule appropriation was critical for successful 
long-term implementation. They found joint regulation in some cases, when the system rules were changed 
based on user resistance leading to negotiation and rule sharing.  

Initial evidence on implementing weakly structured systems suggests that implementation and related 
regulation differ with weakly structured systems. A small but growing stream of research on implementing 
IT systems has focused on weakly structured systems, such as e-mail (Malone et al., 1987) and knowledge 
management systems (Denyer et al., 2011). Generally, these systems support generic cognitive functions 
associated with organizational tasks such as searching, retrieving, storing, manipulating, and displaying 
salient information for the organizational task at hand. Typically, these functions relate to broader 
organizational processes of sense-making, designing, and complex and unstructured decision-making. 

In such settings, users do not initially know what those system functions will do because many possible 
meanings and functions can be contextually attributed to them. Most uses rely on ambiguous symbolic 
representations which can be contextually treated as affordances in that they allow users to achieve a local 
task goal. Affordances can be defined as “the possibilities for goal-oriented action recognized by a specified 
user group” (Markus & Silver, 2008, p. 622). Affordances define action potentials emerging from contextual 
interactions between symbolic system functions and goal-oriented users or groups of users. These functions 
generate a space for multiple affordances for different users and groups in various contexts. The initial 
studies of implementing weakly structured systems have primarily focused on the discovery of affordances 
across different contexts for the same system (Leonardi, 2011), how affordances are shared with others 
contextually (Leonardi, 2013), and how this leads to changes in the organization’s organizing and 
information flows (Leonardi, 2007, 2013). This type of implementation uses the generativity of digital 
technology to solve problems as they emerge. 

However, sharing affordances does not mean that those affordances will become organizational rules. We 
are lacking an understanding of how the individually discovered affordances and related shared uses 
become expressed in and defined by organizational rules. This forms a critical step in implementing weakly 
structured systems, such as IIoT, within organizations. These systems need to establish an organizational 
regulatory process surrounding their use and evolution through implementation. The implementation 
process disseminates new local use norms for the system that are unanticipated by the system designers 
and local project managers responsible for technical system implementation. Implementation of weakly 
structured systems amounts to creating new regulations such that the movement is from local practices to 
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shared rules. We need to understand the process of how changes in practices introduced by local IIoT use 
over time become shared and legitimate organizational rules. 

Methods and Case Selection 

We plan to conduct a multiple case study to articulate a process theory of implementing weakly structured 
systems as a regulatory change. Multiple case studies provide a strong foundation for theory building 
because they allow both within- and between-case comparisons that increase analytical generalizability 
(Yin, 2018). A multiple case study enables systematic testing of emerging theoretical accounts (Eisenhardt 
& Graebner, 2007; Gibbert & Ruigrok, 2010). We have theoretically sampled several extremes (Eisenhardt 
& Graebner, 2007) of IIoT implementation by selecting cases that involved IIoT systems with low and high 
in the success of the implementation, the size of the company, and scope and level of IIoT use. We studied 
manufacturing firms as implementation sites because they have several commonalities that matter for our 
theoretical framing: these organizations have strict hierarchies, they use formal control mechanisms, and 
they carry out at the organizational level operations that are largely rule-based such as workflow control 
and quality control (Kling, 1980). For the first case, we chose a medium-sized manufacturing site that 
successfully implemented a relatively simple IIoT technology at their manufacturing site. The IIoT system 
tracked the machine utilization level by measuring the electric current running through the cord connecting 
the power outlet to the machine. The system was weakly structured. This simple information of each 
machine’s state allowed the company to organize a process of implementing the system and its varied uses 
over time and regulated such uses. As more data from sampled sites are being collected from other IIoT 
technologies, we will compare the implementation processes as variants in regulation between the 
companies and the outcomes of the processes. 

The data of the implementation were collected using theoretically sampled interviews, participant 
observation, and archival documents of the system. We used NVIVO to organize and analyze the data 
qualitatively. So far, we have studied the company’s implementation based on four interviews covering key 
informants (their President twice, Operations Manager, and Engineer 1), a half day of participant 
observation, and all e-mails related to the development and use of this IIoT system over the six-year period 
of use. The semi-structured interviews lasted between 49 to 100 minutes with a mean of 77 minutes. The 
interviews were informed by socio-technical systems analysis (Trist, 1981) as a structuring framework. We 
assessed the current state, problems, and aspirations of the company’s manufacturing process and work 
system while specifically focusing on the implementation and use of IIoT. All interviews were recorded and 
transcribed. The goal of the participant observation was to gain a more detailed understanding of the 
company and technology use, observe the practices of the employees, and understand the relationship 
between the shop floor and management. One researcher observed the use of the machines on the shop 
floor by shadowing a team leader who used the MachineTracking data and observed the use of 
MachineTracking data by management for half a day. We used the interviews, participant observation, and 
archival documents to triangulate our findings. 

We analyzed the data using the constant comparative method, comprehensive data treatment, and deviant 
case analysis (Gibbert & Ruigrok, 2010). We open-coded the data to discover concepts (Charmaz, 2006). 
Next, we axially coded those concepts to inductively create larger concept categories. We then iterated 
between theoretical concepts in the regulation and implementation literature and our empirically derived 
concepts. We developed an initial process theory (Langley, 1999) of the regulation of implementation. 

The Implementation of IIoT at MetalManu 

MetalManu, founded in the 1950s, is a discrete manufacturing company in the Midwest of the United States 
with around 65 employees. They manufacture metal parts for aerospace, defense, and automobile 
industries. The company had attempted to monitor its machine use on the shopfloor several times when 
they came across the MachineTracking system at a tradeshow. Being able to monitor the usage level of all 
their shop floor machinery was important. Such awareness helps them understand the productivity levels 
of the company, the efficiency of the machine use, and variations between different worker-machinery 
relationships. Having this information is critical for successful and realistic product sales and ultimately for 
revenue and the bottom line. Initial attempts to collect machine-use data had used daily manual paper 
solutions or manual computer-based tracking. These attempts were found to be too cumbersome and 
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quickly abandoned. At the tradeshow, the President and Engineer 1 were impressed by the potential of the 
MachineTracking system. It collects real-time machine-use data with no human involvement and can 
display interactive visualizations of the data that are accessible via any internet-connected device.  

 

Figure 1. Chronology of events at MetalManu 
 
 

 

The company leadership decided to run a system pilot on four machines for around three weeks in 2017. 
The pilot led to a series of changes in the rules, practices, and IT artifacts for how job floor information 
flows and work were regulated. It also resulted in the expansion of the system (see Figure 1 for a chronology 
of events separated into changes in rules, practices, and artifacts coded for social, technical, or socio-
technical changes). By having a symbolic representation of machine states and their history on the shop 
floor, new rules were created to ensure that the fidelity of those representations were high (e.g., by adjusting 
thresholds for MachineTracking to register when the machine was in use) and using the representation to 
set a normative performance standard of at least 75% utilization rate of the machines that were in use each 
day. Initially, these affordances of MachineTracking led to the creation of data practices that integrate the 
data with the other company’s other systems to track its performance. The integration allowed MetalManu 
to use the MachineTracking data as one of the three measurable key objectives. To further increase the use 
of the machines, MetalManu started assigning teams of two to four employees to eight to twelve machines 
as the work loads of each machine and their utilization rates became transparent. Before the change, one 
employee would be assigned to just one or two machines. However, the new teams now did not know when 
each machine would finish its cycle reducing the efficiency of the change. At this point Engineer 1 worked 
with the developer of MachineTracking solution to create internet-connected timers (i.e., MachineTimer) 
that counted down the length of time for each machine’s operation cycle and displayed the information on 
a shared screen set up near the machines so that it was visible to all employees in the area. This new system 
allowed the discovery of further affordances that utilized both the MachineTracking and MachineTimer 
systems. These created new productivity targets for all zones within the shop floor, assigned employees to 
zones, and gave them autonomy for how to best achieve the productivity goals. 

 
 

Figure 2. A process model of implementing weakly structured systems 
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These processes can be synthesized to comprise several steps typical to implementing weakly structured 
systems over time (Figure 2). The process for each of the observed changes involved (1) discovering 
affordances, (2) sharing the affordances and creating related new practices, (3) piloting the shared 
affordances and related practices, (4) developing associated rules, and (5) enforcing the rules through IT 
and people. 

Discovering affordances. Implementing MachineTracking led to the discovery of new affordances within 
the system over time. At first, the management used real-time data to identify problems on the shop floor 
and sought to address them in person. “So, this helps me in real time see what's going on and where I can 
plug in to help” (Engineer 1). This affordance allowed the management to increase awareness of machine 
performance by having a constant digital representation of machine use on the shop floor. Early on, the 
Operations Manager and Engineer 1 discovered ways of manually exporting the historical machine-use data 
into other systems the company used to track its productivity and performance. The management learned 
about the system and how it worked by just trying it (Fleck, 1994), which led to other discoveries. Later 
affordances were built on the previous ones, and they led to changes in the way the work was organized. For 
example, moving from monitoring the productivity of one or two machines for one person to monitoring 
the productivity of zones on the shop floor of eight to 10 machines for teams of three or four people. The 
affordances supporting the new arrangement were slowly discovered within a few years. Though 
MetalManu has been using this IIoT solution for six years, it is still discovering new affordances and 
creating new rules for how to use the machine status data. 

Sharing affordances. The discovered affordances were diffused through sharing them with other members 
of the management team during informal meetings and regular formal meetings with the whole 
management team. The affordance and subsequent new practices were discussed and adjusted. If the idea 
seemed feasible, then the management team tested the idea through a pilot. 

Piloting the shared affordances and related practices. Pilots were organized in controlled spaces with only 
a few people involved. They represented a low-risk learning opportunity. These were spaces to experiment 
with the ideas and receive feedback from both the shop floor and management. This was a form of joint 
regulation as management and shop floor employees introduced and negotiated rules locally for the 
meaningful use of the new technologies (de Vaujany et al., 2018; Reynaud, 1988). “So, the team is very good 
at communicating back because all those cycle times, that's cycle time plus load and unload. And we get 
that number from them… This is your cycle time. You're expected to get this for the day. So, it's definitely 
helped with communication to say, Hey [Operations Manager], it's not three minutes, it's four and this is 
why” (Operations Manager). In the pilots, the rules, practices, and IT artifacts were constantly refined based 
on feedback from the shop floor and management. However, the rules would be further developed by the 
management team. Qualitative and quantitative metrics were introduced to evaluate the pilot performance. 
Results were discussed with the management team. If evaluated positively, the shared affordance became 
part of the practices of the organization. The management team then worked on developing rules for the 
system use and creating accompanying regulatory practices. There were also pilots by the management 
team involving their use of the data generated by the MachineTracking system. These did not involve 
employees on the shop floor. These discussions were less formal, although they still conducted a pilot to 
adjust and discuss the results. 

Developing rules. The rules that were refined during the pilot were formalized by the management team 
based on the feedback. Some rules were created for increasing the fidelity of the digital representation of 
the shop floor while other rules were about the practices related to the new uses. The rules and practices 
were formalized and standardized. “Our team leaders and schedulers, they set up at the start of each shift, 
which machines we expect to be in, what we'll call production. And so, we're saying our target is that that 
machine at a minimum is running 75% of the shift” (President). These rules occasionally influenced the 
discovery of further affordances that were aligned with the focal rule (see the curved line in Figure 2 going 
from Developing rules to Discovering affordances). For example, the rule of 75% machine utilization led to 
the development of MachineTimer and the awareness of the need to know when machines were finishing 
their operation cycle. This led to the affordance of knowing how much time was left before a machine 
completed a cycle and related new practices around teams which now worked on multiple machines. 

Enforcing the rules through IT and people. The developed rules were used to regulate related work 
practices and the organization. The new rules were enforced through the system and by people. Some of the 
rules were directly added to the system, for example, by defining the current threshold for the system to 
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decide if a certain machine was running or idle. “When we go to a different job in the machine, it may run 
faster, run so fast that it doesn't track on the [MachineTracker]. So, I'll have to reach out to [MachineTracker 
company owner] and tell him to adjust the threshold because then the hours will appear” (Operations 
Manager). Other rules were enforced with the data from the system by people. For example, the system 
provided aggregated real-time machine-use data allowing management to identify machines that were not 
being used as much as the rule expected and to investigate the issue by going to the shop floor. The 
instantiation of rules in this specific context generated feedback between the shop floor and management, 
which led to the constant adjustment of rules. 

A few contextual features appear salient for the successful implementation of this IIoT system and may be 
boundary conditions of the resulting theorizing, which will be checked with future between-case analyses 
(Busse et al., 2017; Johns, 2006): (1) who had access to the system, (2) cognitive skills of the workers and a 
culture of being open to learning, and (3) the ability to change the technology locally by the people who 
discovered potential for new affordances. Every affordance was discovered by the management team who 
leveraged the new capability of being able to monitor near real-time machine states. The management team 
was also the sole group that had the ability to manipulate the data generated by MachineTracking. The shop 
floor employees’ lack of access to the system differs from previous studies of weakly structured systems in 
which there was less hierarchical control (e.g., Leonardi, 2013). This lack of access prevented shop floor 
employees from locally discovering any affordances. For cognitive skills, MetalManu had started hiring 
shop floor employees with engineering degrees, which is unusual in manufacturing. Additionally, 
MetalManu had an organizational culture that supported organizational learning, which led to the constant 
discovery of additional affordances, the ease of sharing affordances, and the willingness to pilot the 
resulting ideas. Last, the developer of MachineTracking provided additional support. He met monthly with 
MetalManu representatives and was highly responsive to suggestions for changes. This allowed the 
management team to change the system functions when needed, exemplified in the development of the 
MachineTimer solution. If it were harder to change the system, this would have added friction to the 
discovery of new affordances and adaptation of existing affordances when sharing the affordances and 
piloting them. 

Implications and Limitations 

Only a few analyses have been conducted on the nature of the implemented IT systems and the 
consequences of their nature on the implementation process and outcomes (Berente et al., 2019; Lyytinen 
& Newman, 2015; Volkoff et al., 2007). The findings across IS implementation studies are commonly 
assumed to generalize to most, if not all IT systems. Here we posit that the level of embeddedness of rules 
within the system is an important aspect of the technology to consider when implementing. The initial 
results of this study suggest that implementation as regulation highlights the different implementation 
processes of strongly and weakly structured systems. Strongly structured systems require the compliance 
of local practices with the rules embedded in the system. In contrast, the findings of this study suggest that 
the weakly structured systems are primarily implemented by discovering affordances, sharing those 
affordances with others and creating shared practices, piloting the shared affordances and practices, 
developing associated rules, and enforcing the rules through IT and people. The use and expansion of this 
system evolve primarily through learning by trying (Fleck, 1994) and encompass a movement from practices 
to rules. 

The findings of this study on weakly structured systems suggest that promoting the discovery of affordances 
for IIoT technologies and creating spaces for negotiating rules and sharing practices of IT functions increase 
the usefulness of the system and increase implementation success. The case study also suggests that 
encouraging learning and experimentation within the workforce, having the ability to adapt the technology 
locally, increasing the awareness of the technology capabilities among stakeholders, and increasing the 
access to the technology supports the discovery of affordances. Tensions must be balanced between allowing 
more people access and the need for control. For example, in our case only the management team had access 
to the IIoT interface at MetalManu. Shop floor employees could only see the display of aggregate 
performance data and did not discover any affordances. MetalManu created open spaces for negotiating 
rules and practices related to the use of those affordances by endorsing a culture of teamwork and respect. 
They used the information from the IIoT to monitor and improve performance of individuals and teams 
and did not use the data punitively. They piloted discovered affordances, which were usually small and came 
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with a low risk. These pilots were spaces to experiment and test out new affordances which allowed for the 
continuous negotiation of related rules and practices. 

Our findings are limited by the data collection span and the number of interviews and participant 
observation intensity within a single case study. In the future, we will hone the process model based on 
further data collection within MetalManu and by adding four case sites to the study. This will allow us to 
validate the emerging framework with a larger data set and carry comparisons within and between cases as 
to rule out spurious relationships and refine the constructs and their relationships. It will also allow us to 
detect deviant cases and establish boundary conditions for the emerging theory. The additional data and 
analysis help increase the validity of the research (Eisenhardt & Graebner, 2007). The findings are also 
limited because we generalize from local descriptions to a theory of a particular case (Lee & Baskerville, 
2003), which cannot be fully generalized without additional data collection to other types of weakly 
structured systems in other settings. Therefore, we plan to validate the initial theorizing with other 
technologies that are weakly structured and to study other settings. 

We plan to complete MetalManu’s case study by conducting two additional participant observations and 
interviewing shop floor employees using the system, the developer of MachineTracking and MachineTimer 
for an outside perspective, the Chief Operating Officer who was involved in the development of the system, 
and the President of the company to check details and discuss our findings. We will add four more cases. 

Acknowledgements 

This research was partly funded by a National Science Foundation through the Smart and Connected 
Communities (S&CC) grant: 2125460. 

References 

Berente, N., Lyytinen, K., Youngjin Yoo, & Maurer, C. (2019). Institutional Logics and Pluralistic 
Responses to Enterprise System Implementation: A Qualitative Meta-Analysis. MIS Quarterly, 43(3), 
873–902. https://doi.org/10.25300/MISQ/2019/14214 

Boyes, H., Hallaq, B., Cunningham, J., & Watson, T. (2018). The industrial internet of things (IIoT): An 
analysis framework. Computers in Industry, 101, 1–12. 
https://doi.org/10.1016/j.compind.2018.04.015 

Brynjolfsson, E., & Hitt, L. M. (2000). Beyond Computation: Information Technology, Organizational 
Transformation and Business Performance. Journal of Economic Perspectives, 14(4), 23–48. 
https://doi.org/10.1257/jep.14.4.23 

Busse, C., Kach, A. P., & Wagner, S. M. (2017). Boundary Conditions: What They Are, How to Explore 
Them, Why We Need Them, and When to Consider Them. Organizational Research Methods, 20(4), 
574–609. https://doi.org/10.1177/1094428116641191 

Charmaz, K. (2006). Constructing grounded theory. Sage Publications. 
Culot, G., Nassimbeni, G., Orzes, G., & Sartor, M. (2020). Behind the definition of Industry 4.0: Analysis 

and open questions. International Journal of Production Economics, 226, 107617. 
https://doi.org/10.1016/j.ijpe.2020.107617 

de Vaujany, F.-X., Fomin, V. V., Haefliger, S., & Lyytinen, K. (2018). Rules, Practices, and Information 
Technology: A Trifecta of Organizational Regulation. Information Systems Research, 29(3), 755–773. 
https://doi.org/10.1287/isre.2017.0771 

Denyer, D., Parry, E., & Flowers, P. (2011). “Social”, “Open” and “Participative”? Exploring Personal 
Experiences and Organisational Effects of Enterprise 2.0 Use. Long Range Planning, 44(5–6), 375–
396. https://doi.org/10.1016/j.lrp.2011.09.007 

Dumas, M., La Rosa, M., Mendling, J., & Reijers, H. A. (2018). Fundamentals of Business Process 
Management. Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-662-56509-4 

Eisenhardt, K. M., & Graebner, M. E. (2007). Theory building from cases: Opportunities and challenges. 
Academy of Management Journal, 50(1), 25–32. 

Eley IV, T., & Lyytinen, K. (2022). Industry 4.0 Implementation: Novel Issues and Directions. 
Proceedings of the 55th Hawaii International Conference on System Sciences, 5111–5120. 
https://doi.org/10.24251/HICSS.2022.622 

Fleck, J. (1994). Learning by trying: The implementation of configurational technology. Research Policy, 



Implementation as Regulation 
  

 Forty-Fourth International Conference on Information Systems, Hyderabad 2023
 9 

23(6), 637–652. https://doi.org/10.1016/0048-7333(94)90014-0 
Gibbert, M., & Ruigrok, W. (2010). The ‘“What”’ and ‘“How”’ of Case Study Rigor: Three Strategies Based 

on Published Work. Organizational Research Methods, 13(4), 710–737. 
https://doi.org/10.1177/1094428109351319 

Hoyer, C., Gunawan, I., & Reaiche, C. H. (2020). The Implementation of Industry 4.0 – A Systematic 
Literature Review of the Key Factors. Systems Research and Behavioral Science, 37(4), 557–578. 
https://doi.org/10.1002/sres.2701 

Johns, G. (2006). The Essential Impact of Context on Organizational Behavior. Academy of Management 
Review, 31(2), 386–408. https://doi.org/10.5465/amr.2006.20208687 

Kagermann, H., Wahlster, W., & Helbig, J. (2013). Recommendations for implementing the strategic 
initiative INDUSTRIE 4.0: Securing the future of German manufacturing industry. (pp. 1–79) [Final 
Report of the Industrie 4.0 Working Group]. Forschungsunion and acatech. 

Kling, R. (1980). Social Analyses of Computing: Theoretical Perspectives in Recent Empirical Research. 
ACM Computing Surveys, 61–110. 

Langley, A. (1999). Strategies for theorizing from process data. The Academy of Management Review, 
24(4), 691–710. 

Lee, A. S., & Baskerville, R. L. (2003). Generalizing Generalizability in Information Systems Research. 
Information Systems Research, 14(3), 221–243. https://doi.org/10.1287/isre.14.3.221.16560 

Leonardi. (2011). When Flexible Routines Meet Flexible Technologies: Affordance, Constraint, and the 
Imbrication of Human and Material Agencies. MIS Quarterly, 35(1), 147–167. 
https://doi.org/10.2307/23043493 

Leonardi, P. M. (2007). Activating the Informational Capabilities of Information Technology for 
Organizational Change. Organization Science, 18(5), 813–831. 
https://doi.org/10.1287/orsc.1070.0284 

Leonardi, P. M. (2013). When Does Technology Use Enable Network Change in Organizations? A 
Comparative Study of Feature Use and Shared Affordances. MIS Quarterly, 37(3), 749–775. 
https://doi.org/10.25300/MISQ/2013/37.3.04 

Lyytinen, K. (2022). Innovation logics in the digital era: A systemic review of the emerging digital 
innovation regime. Innovation, 24(1), 13–34. https://doi.org/10.1080/14479338.2021.1938579 

Lyytinen, K., & Newman, M. (2015). A tale of two coalitions—Marginalising the users while successfully 
implementing an enterprise resource planning system. Information Systems Journal, 25(2), 71–101. 
https://doi.org/10.1111/isj.12044 

Malone, W., Grant, R., & Rosenblitt, D. (1987). Semistructured Messages Are Surprisingly Useful for 
Computer-Supported Coordination. ACM Transactions on Office Information Systems, 5(2), 115–131. 

Oxford English Dictionary (July 2023). s.v. “legitimate, adj., sense 1.a.” 
https://doi.org/10.1093/OED/9757585722 

Reynaud, J.-D. (1988). Les régulations dans les organisations: Régulation de contrôle et régulation 
autonome. Revue Française de Sociologie, 29(1), 5–18. https://doi.org/10.2307/3321884 

Sullivan, M. (2018). Industry 4.0 Technologies: Global Market Through 2023 (No. MFG042A; pp. 1–
237). BCC Research LLC. 

Trist, E. (1981). The evolution of socio-technical systems (No. 2; Occasional Paper). Toronto: Ontario 
Quality of Working Life Centre. 

Trotta, D., & Garengo, P. (2018). Industry 4.0 key research topics: A bibliometric review. 2018 7th 
International Conference on Industrial Technology and Management (ICITM), 113–117. 
https://doi.org/10.1109/ICITM.2018.8333930 

U.S. Bureau of Labor Statistics. (n.d.-a). Manufacturing Sector: Labor Productivity (Output per Hour) for 
All Employed Persons [OPHMFG]. FRED, Federal Reserve Bank of St. Louis. Retrieved April 21, 
2022, from https://fred.stlouisfed.org/series/OPHMFG 

U.S. Bureau of Labor Statistics. (n.d.-b). Manufacturing Sector: Output per Job for All Employed Persons 
[PRS30006163]. FRED, Federal Reserve Bank of St. Louis. Retrieved April 21, 2022, from 
https://fred.stlouisfed.org/series/PRS30006163 

Volkoff, O., Strong, D. M., & Elmes, M. B. (2007). Technological Embeddedness and Organizational 
Change. Organization Science, 18(5), 832–848. https://doi.org/10.1287/orsc.1070.0288 

Yin, R. K. (2018). Case study research and applications (6th ed.). Sage. 
Zuboff, S. (1988). In the age of the smart machine: The future of work and power. Basic Books, Inc. 


	Implementation as Regulation: Implementing Industrial Internet of Things in Manufacturing
	Recommended Citation

	Implementation as Regulation: Implementing Industrial Internet of Things in Manufacturing
	Introduction
	Literature Review
	Methods and Case Selection
	The Implementation of IIoT at MetalManu
	Implications and Limitations
	Acknowledgements
	References

