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Organizations replace their legacy systems for technical, economic, and operational reasons.
Replacement is a risky proposition, as high levels of technical and social inertia make these systems hard
to withdraw. Failure to fully replace systems results in complex system architectures involving manifold
hidden dependencies that carry technical debt. To understand how a process for replacing a complex
legacy system unfolds and accumulates technical debt, we conducted an explanatory case study at a local
manufacturing site that had struggled to replace its mission-critical legacy systems as part of the larger
global company’s commercial-off-the-shelf (COTS) system implementation. We approach the
replacement as a sociotechnical change and leverage the punctuated sociotechnical information system
change model in combination with the design-moves framework to analyze how the site balanced creating
digital options, countering social inertia, and managing (architectural) technical debt. The findings
generalize to a two-level (local/global) system-dynamics model delineating how replacing a deeply
entrenched mission-critical system generates positive and negative feedback loops within and between
social and technical changes at local and global levels. The loops, unless addressed, accrue technical
debt that hinders legacy system discontinuance and gradually locks the organization into a debt-
constrained state. The model helps managers anticipate challenges that accompany replacing highly
entrenched systems and formulate effective strategies to address them.

Keywords: Legacy system, COTS system, IS discontinuance, IS replacement, organizational change,
technical debt, PSIC model, design moves, process theory, system dynamics

We are stuck in an eternal cycle where we don’t get rid of
the old systems because we don’t have anything new to start
building on, while the old system still exists and serves us so
well.

—A manager at the case company

! Likoebe Maruping was the accepting senior editor for this paper.
Narayan Ramasubbu served as the associate editor.
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Introduction I

Commercial-off-the-shelf (COTS) systems promise firms
increased agility and scalability (Davenport, 1998; Shang &
Seddon, 2002) by giving them new digital options: IT-
enabled capabilities that open up novel ways of operating
(Sambamurthy et al., 2003; Woodard et al., 2013). Also,
COTS systems decrease firms’ technical inertia—change-
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resistance caused by technical systems’ rigidity—by
harmonizing systems across sites and externalizing most of
the system maintenance and enhancements to system
providers (Berente et al., 2016). Because of these benefits,
implementing company-wide COTS solutions has remained
an attractive option and managers continue to make
investments following such logic—especially in global
organizations with multiple sites. In most of these
organizations, deploying the chosen COTS system entails
replacing local legacy systems (Aanestad et al., 2017), which
embody the business logic inherited from a local site
(Holland et al., 1999). These systems typically become
deeply embedded in the site’s operations and infrastructure
(Furstenau et al., 2019). Therefore, in addition to efforts to
implement the new COTS system, the replacement process
involves deciding when and how the organization will
discontinue the use of its legacy systems and address the
technical and social inertia associated with the replacement
process (Furneaux & Wade, 2011, 2017).

Alas, many organizations fail to fully remove their legacy
systems, even after pouring significant effort to the task
(Advanced, 2021). They often become unconsciously
“caught between” the old and new systems for an extended
time, having to manage growingly complex system
architectures in which the old and new systems/components
interact and operate simultaneously (Aanestad et al., 2017;
CRN, 2012; Goémez, 2020). This state burdens the
organization with a constant accumulation of technical
debt—maintenance obligations that make further system
modifications increasingly difficult, risky, and costly
(Rolland et al., 2018; Cunningham 1992). The “caught-
between” state constrains agility and scalability originally
pursued via the COTS implementation (Deloitte, 2021) and
exposes the organization to increased security risks and
technical instability (Ramasubbu & Kemerer, 2016). How
does such an outcome emerge irrespective of the initial
intent to achieve the opposite?

When implementing a COTS system, managers must first
overcome social inertia—the social system’s (people,
processes, hierarchies) resistance to change—arising from
discrepancies between the new COTS functions (and system
logic) and legacy systems’ ingrained operations (Arvidsson
et al., 2014). Also, they have to mitigate the technical risks
of the new system failing to function properly (Avison et al.,
2006). Therefore, implementation entails decisions on how
to balance the need to customize the COTS solution to
current operations against the need to adapt the social system
to the new COTS functionality (Berente et al., 2010, 2019;
Davenport, 1998). These challenges are more acute in large
multinational, multi-site, and federated organizations
implementing a common COTS system. In such situations,
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the COTS solution often fails to align with the many, varied
local needs and practices (Arvidsson et al., 2014; Berente &
Yoo, 2012; Rolland & Monteiro, 2002). Discontinuing
legacy systems in such settings imposes further challenges,
since those systems embody deeply entrenched cognitive
assumptions and behaviors rooting the systems tightly in the
local social setting (Mehrizi et al., 2019).

During implementation, managers must also address the
technical inertia accompanying the legacy systems’
monolithic nature. The extent of such inertia can be
conceptualized via measurements of the various forms of
technical debt of said systems. Future maintenance
obligations created by system design and implementation
decisions typically manifest themselves in poor
documentation, “spaghetti code,” loss of relevant personnel,
or performance bottlenecks (Li et al., 2015). Thus, in lieu of
adopting a “big bang” approach, managers typically replace
local legacy systems in stages, with each round in the
“staggered” implementation replacing a selected set of
legacy systems or components to reduce the risks and
address related technical inertia (Rolland & Lyytinen, 2021).

Becoming “caught between” is arguably a complex function
of the technical and social inertia associated with the new
COTS system implementation, consequent decisions about
customization and social adaptation, and how all of these
shape legacy system discontinuance. To avoid caught-
between outcomes, managers must overcome both sorts of
inertia and understand their interactions over time. However,
the pertinent literature has thus far tackled only the challenges
brought by each of the two separately. The software-
engineering literature (e.g., Almonaies et al., 2010; Bishal et
al., 1999) approaches legacy systems’ replacement as a
technical problem of how to overcome technical inertia while
ignoring the role and impact of social inertia. In the
information systems (IS) domain, meanwhile, organizational
COTS implementation studies (e.g., Berente et al., 2019;
Rivard & Lapointe, 2012) and nascent IS discontinuance
research (Mehrizi et al., 2019, 2022) focus on how to
overcome social inertia but neglect the role of technical inertia
and how it shapes (and is shaped by) social inertia. Though
some recent studies have examined interactions among
technical inertia, social inertia, and digital options during
system implementation (Furstenau et al., 2019; Rolland et al.,
2018), they have thus far not addressed the challenges that
legacy systems’ withdrawal brings. A crucial knowledge gap
is evident since understanding these dynamics in the context
of legacy system replacement helps managers (especially at
large, global, multi-site organizations) navigate the risky
proposition of discontinuance and avoid undesirable caught-
between situations.
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Thus, we raise the following research questions: (1) How and
to what extent do social inertia, technical inertia, and digital
options interact in the replacement of legacy systems with
COTS ones (especially in organizations with multiple sites),
and (2) how and under what conditions does the state of being
“caught between” emerge and stabilize during this process?
The lack of theory and empirics related to this topic motivated
us to conduct an explanatory case study at a site of a global
manufacturing firm that got caught between new COTS
solutions and components of its legacy system. We used the
punctuated sociotechnical IS change (PSIC) model (Lyytinen
& Newman, 2008) as a sensitizing device to identify
implementation equilibria between social and technical
elements (inertia) and employed Woodard et al.’s (2013)
design-moves concept to connect these sociotechnical
equilibria with shifts in the level of (architectural) technical
debt and digital options. The analysis culminated in
formulating a two-level system-dynamics model that sheds
light on caught-between outcomes by delineating a complex
set of dynamic interactions between social inertia, technical
inertia, and digital options at the local and global level.

Theory Review I

This section reviews three crucial facets that characterize the
legacy system replacement process, the success of which
depends on overcoming both technical and social inertia to
bring about a new sociotechnical equilibrium in the
organization. First, we approach legacy systems as technically
inert technical objects. This view is common in software
engineering research, which focuses on technical debt in
software assets and develops system-migration methods (e.g.,
Adolph, 1996; Bisbal et al., 1999). Second, we examine IS
research focused on organizational system implementation.
This research has focused on social inertia associated with
bringing a new system into use (e.g., Lyytinen & Newman,
2015) and withdrawing an old one from use (e.g., Mehrizi et
al,, 2019). Finally, we review research focusing on the
interplay between technical debt and digital options during
system evolution—the two dimensions that need to be
balanced during a COTS system implementation involving
the discontinuance of an old system. Table 1 outlines the
relevant research streams, their foci, and omissions.

Technical Inertiain System Replacement

Legacy systems display technical inertia because they were
originally developed for specific local needs and have since
been maintained in a reactive, evolutionary manner. The
concept of technical debt captures the inertia likely to be faced
when the system undergoes a major modification or

replacement. Broadly understood, technical debt represents
compromises, errors, lapses, and omissions made during the
design and implementation of software that unnecessarily
increase its complexity (by introducing unwarranted
dependencies) and therefore add to maintenance obligations
(Cunningham, 1992). Technical debt typically has to be
repaid, with interest, through later refactoring, rewriting, and
optimization of various parts of the code base; via
documentation improvements; and/or by reorganizing and
simplifying the system architecture (Li et al., 2015).
Notwithstanding these efforts, completely eliminating
technical debt is virtually impossible, since such dependencies
are hard to detect and are costly and risky to remove.

Technical debt accumulates insidiously at multiple levels of
software activity (Alves et al., 2016; Li et al., 2015; Rios et
al., 2018): it increases at the code level when a programmer
goes against good coding practices by introducing shortcuts;
it grows during testing and documentation if the activities are
carried out in an undisciplined manner; and, at the
infrastructure level, debt grows from using abandoned and/or
obsolete  technological platforms such as archaic
programming languages and hardware. “People debt” arises
when critical system expertise depends on just a few people
and becomes acute when those people retire or switch jobs
(Sandborn & Prabhakar, 2015). While legacy systems tend to
manifest multiple forms of debt (Brown et al., 2010; Holvitie
et al., 2018), these systems’ monolithic architecture means
that architectural debt is a particularly relevant form of it in
the amassing of technical inertia during system replacement.

Architectural debt accumulates when new unsystematic latent
dependencies are introduced—intentionally or not—across
the organization’s software systems. This might happen, for
example, when the system architecture is poorly modularized
or when “technology gaps” are introduced by attempts at
integrating the latest systems with legacy ones (Besker et al.,
2018; Kruchten et al., 2012). The staged and piecemeal
manner in which large and complex legacy systems are
replaced increases the likelihood of architectural debt
amassing as shortcuts and ad hoc solutions pile up.
Acrchitectural debt further encourages other types of technical
debt because new latent dependencies between systems are
often coded haphazardly and left undocumented (Méki et al.,
2023; Rolland & Lyytinen, 2021). These dependencies
consequently  decrease  overall  software reliability
(Ramasubbu & Kemerer, 2016), incur hidden maintenance
costs (Gangadharan et al., 2013), and increase software
rigidity (Furstenau et al., 2019). At the same time, the
organization’s exposure to risks stemming from cumulative
architectural debt remains an abstract and remote concern
because of its latent and complicated nature (Holvitie et al.,
2018; Martini et al., 2015).
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Table 1. Summary of Research Informing Legacy System Replacement

Legacy system
replacement

Adolph, 1996; Almonaies et
al., 2010; Bisbal et al.,
1999; Ning et al., 1994

Phenomenon | Literature Examples Focus Problems/omissions
of interest stream
Banker et al., 2020; Besker | How to conceptualize and | Does not consider
et al., 2018; Holvitie et al., measure technical inertia | organization-level
Technical debt 2018; Li et al., 2015; Martini | accumulating during replacement decisions and
et al., 2015; Ramasubbu & software development processes, related social
; Kemerer, 2016 and maintenance inertia, or how to realize
Technical o :
inertia in digital options (system use)
system Furneaux & Wade, 2011, What strategic Does not consider how
replacement System 2017 considerations lie behind | complex sociotechnical
(i.e., the Y : managers’ intention to replacement processes will
. discontinuance ) .
technical replace legacy systems unfold; applies a narrow
, antecedents o
system’s conceptualization of
resistance to technical inertia
change)

How to conduct legacy
technical system
replacement and related
legacy data migration to a

Does not provide evidence
of replacement’s success;
does not consider social
inertia; applies a narrow

replacement

Digital product
strategy

methods new system conceptualization of
technical inertia
Mehrizi et al., 2019, 2022 How to dismantle the Does not consider technical
System social mechanisms that inertia or transformative
discontinuance keep legacy systems in changes necessary to
Social inertia processes place during system unlock digital options
in system replacement
replacement Arvidsson et al., 2014; How to assimilate a new Does not consider technical
(i.e., the social Avison et al., 2006; Berente | (COTS) system into an inertia during replacement
system’s System et al., 2019; Lyytinen & organization’s incumbent | other than how errors and
resistance to implementation | Newman, 2015; Newman & | social system use challenges are
change) processes Zhao, 2008; Poon & handled; does not
Wagner, 2001; Rivard & recognize the challenge of
Lapointe, 2012; Sarker & discontinuing legacy
Lee, 1999; Wagner, 2010 systems
Rolland et al., 2018; How technical debt and Does not consider the
Digital Rolland & Lyytinen, 2021 digital options interact in challenge of discontinuing
Balancing infrastructure implementing and legacy systems; offers
technical debt | Management managing digital limited consideration of
and digital infrastructures social inertia
options in Woodard et al., 2013 How technical debt and Does not consider social
system inertia or sociotechnical

digital options interact in
making strategic
(technical) changes to
digital products

processes of system
replacement

Factor-oriented IS discontinuance research has suggested
that architectural debt weakens managers’ intentions to
replace legacy systems (Furneaux & Wade, 2011, 2017). In
software-engineering research, scholars have examined
means for system replacement by developing methods, tools,
and techniques to facilitate migration from a legacy system
to a new environment (Adolph, 1996; Almonaies et al.,
2010; Bisbal et al., 1999). Neither stream has conceptualized
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the causes of growing technical inertia and its evolution

during system

replacement.

They examine system

replacement mainly as a technical and economic problem
(i.e., from the cost/risk angle) while failing to consider how
the legacy systems’ social embeddedness and consequent
social inertia shape the scope and pace of staged replacement
and the growth of technical debt.
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Social Inertia in System Replacement

Legacy systems reflect the organization’s strategic intent and
operation logic at the time of their introduction. Over time, this
logic becomes socially entrenched in the organization, creating
strong sociotechnical equilibrium, wherein people, tasks, and
structure align with the legacy system operations (Holland et
al., 1999; Mehrizi et al., 2022). Mehrizi et al. (2019) identified
five self-reinforcing mechanisms that maintain this
equilibrium and hinder legacy systems’ discontinuance, or
“unlearning” of the old system, by governing the behaviors and
disposition of users, designers, and managers. The mechanisms
are: indwelling, where users become oblivious to the system’s
underlying structures; legitimization, where the system
becomes widely accepted; learning, in which the users learn to
utilize the system effectively; resource complementarity,
where additional, complementary system investments are
made; and routinizing, wherein extensive system use lowers
overall coordination costs. Successful discontinuance
necessitates dismantling these mechanisms that “freeze” the
incumbent equilibrium in place. Such a process unfolds in four
phases: (1) realization, wherein the legacy system is
scrutinized and discredited to decrease social inertia by
eliminating indwelling and legitimization; (2) reversion,
wherein social inertia is temporarily amplified by
relegitimizing and further developing the old system so as to
facilitate its upcoming termination; (3) handover, wherein the
old system is connected to the system being introduced,
thereby amplifying inertia, and resources reallocated to the
latter so as to remove inertia; and (4) marginalization, wherein
the legacy system’s use is unlearned and deroutinized for
purposes of removing any remaining social inertia associated
with the old system. While people’s legacy IS habits often
complicate system discontinuance, such habits may also
facilitate letting go of the old system if the new sociotechnical
configuration enabled by the system replacement reveals those
habits as dysfunctional (Mehrizi et al., 2022).

IS implementation research, in turn, focuses on the presence
and impact of social inertia that emerges from introducing a
new COTS system (related to the challenge of learning to use
the new system). Extensive research suggests that
implementation success comes when the organization’s social
system—people, task, and structure—is aligned with the new
COTS system (e.g., Berente et al., 2019; Lyytinen et al., 2009;
Rolland & Monteiro, 2002; Strong et al., 2014), producing a
new sociotechnical equilibrium (Lyytinen & Newman, 2008).
Absent such change, the organization may succeed in
technically implementing the COTS system and may thereby
“officially” migrate from the old system to the new one but, in
this state, it fails to reap the benefits of the new system because
it is not used as intended, or not used at all, on account of
disequilibrium (e.g., Berente & Yoo, 2012; Poon & \Wagner,
2001). In extreme cases, failing to overcome social inertia

results in implementation “failure” where the disequilibrium
grows so strong that the organization reverts to using the old
system and recreates the old equilibrium (e.g., Avison et al.,
2006; Lyytinen & Hirschheim, 1987; Newman & Zhao, 2008;
Sarker & Lee, 1999). Occasionally, organizations’ local sites
will tailor the new system to their unique operation practices in
order to sustain the old equilibrium and thus minimize the
social inertia associated with the new system implementation
(Davenport, 1998). Such decisions imply costly local
customization that adds to the technical debt and may result in
the failure to actualize the global options/benefits sought
(Arvidsson et al., 2014).

IS implementation research predominantly assumes that
discontinuing old systems is not problematic (Rinta-Kahila,
2018), in that the new COTS system will provide digital
options superior to those offered by the incumbent solution.
Yet legacy systems or parts of them often remain in place
because of staggered implementation or because users resort to
using these “shadow systems” in response to the new system’s
deficiencies (Berente et al., 2019; Lyytinen & Newman, 2015).
In summary, although technical inertia associated with legacy
systems complicates their discontinuance (Firstenau et al.,
2019), studies of IS discontinuance and implementation have
generally ignored how technical inertia interacts with social
inertia and how their interactions shape digital options during
a staggered system replacement.

Architectural Debt and Digital Options during
Systems Replacement

Technical debt, especially architectural debt, offers a useful
lens to examine the level of an organization’s technical inertia
during legacy system replacement. Fully replacing some
legacy system(s) with a COTS solution will offload most of
the technical debt to the COTS provider. Still, high (or
unknown) levels of debt and the organization’s propensity to
accumulate more of it during the transition can complicate
such efforts. Research on the interplay between technical debt
and digital options recognizes that consciously planting debt
can be beneficial if it gives the organization digital options—
such as speed, scalability, or flexibility—that it would not
have otherwise (Rolland et al., 2018). Increased agility
afforded by digital options helps organizations respond
swiftly to emerging opportunities and change their business
model, reengineer their key processes, and/or restructure the
main organizational tasks (Sambamurthy et al., 2003).
Managing technical debt and digital options jointly as a
system-level response consists of balancing the contradictory
demands they impose for business: planting debt opens new
options in the short term but the resulting technical inertia
rules out new options in the long term.
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Often, large organizations implementing new systems pursue
their global strategic intent and related digital options but such
intent is frequently hard to channel down to all operation units.
After all, local sites need to reconcile the discrepancies
between the proposed new COTS system and the still useful
legacy system (Arvidsson et al., 2014; Rolland & Monteiro,
2002). Because allocating resources to debt elimination is
seen as limiting the exploration of new options, managers
typically gravitate toward sustaining the outdated system
architectures, whereby they inadvertently accumulate
architectural debt beyond the point of obsolescence (Furneaux
& Wade, 2017). Managers receive greater rewards for
reaching short-term goals by unlocking new digital options
within the limits of set deadlines and budgets than for
allocating resources to difficult-to-understand long-term
technical endeavors that remove debt.

Overall, research into legacy system replacement needs to
cater to the dynamic relationship between architectural debt
and digital options during system replacement. Woodard et al.
(2013) conceptualized these dynamics via the notion of design
moves: strategic actions that alter the technical structure or
functions of one or more IT systems. The authors applied a
two-dimensional “design capital” map to illustrate the effects
of each move on the options/debt ratio, where every move is
“represented as a vector ..., indicating the extent to which the
move increases or decreases the option value of a firm’s
designs and increases or decreases the firm’s technical debt”
(Woodard et al., 2013, p. 541). The map’s four high/low
quadrants represent alternative regions that an organization
can occupy during a system replacement, depending on the
debt and options inherited from past design moves. The
quadrants are referred to as (1) “option constrained” (low debt,
few options), (2) “low quality” (high debt, few options), (3)
“debt constrained” (high debt, many options), and (4) “high
quality” (low debt, many options). Ideally, organizations
execute moves that decrease debt and increase their options in
the long term (e.g., selecting a given COTS solution globally).
This is expected to result in systems that yield higher quality
(less debt) and greater value (more options). In reality, COTS
implementation and related system replacement can result in
unconstrained debt accumulation, given the discrepancies
between local and global needs and the various managerial
incentives that constantly pile on debt to create digital options.
This process can push the firm into an unintended
debt-constrained state (many options but high debt).

Generally, a staged COTS implementation can be framed as a
series of design moves wherein each move results in varying
options/debt ratios for the implementing organization.
However, system-replacement studies have not utilized this
idea of dynamic debt/option ratios across implementation
stages: the notion of design moves has so far been applied
mainly to studying the evolution of digital product designs
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(Woodard et al., 2013). Because legacy systems come with
both technical and social inertia, their replacement involves
the mutual adaptation of social and technical elements, not just
technical factors. This fact invites us to examine how design
moves are applied simultaneously across multiple technical
systems during a legacy system replacement process and how
the moves affect the social system (and related inertia) and
vice versa, along with how consecutive stages shape options
and the mounting of architectural debt. To this end, we
integrated the design-moves framework with a sociotechnical
process lens to analyze system-replacement dynamics and
outcomes. This elucidates the process as a form of
sociotechnical change that results in several equilibria
connected with replacing legacy systems and addressing
associated inertia. The analysis aids in understanding how
sociotechnical change in the wake of multi-sitte COTS
implementation develops into the surprisingly common
outcome of a debt-constrained state wherein parts of local
legacy systems remain operational alongside the new system
for many years, notwithstanding the organization’s initial
intention and sustained effort to terminate the legacy system
(e.g., CRN, 2012; Hemon-Laurens, 2016; Deloitte, 2013).

Research Method I

We deemed a process-based theory appropriate for explaining
legacy system replacement as sociotechnical change wherein
improved balance is sought between digital options and
architectural debt. Process analysis considers identifying
critical events and their interactions within their context to
explain how the identified outcomes emerge and how the
process or focal unit(s) of analysis shift from one state
(equilibrium) to another (Markus & Robey, 1988). The
approach invites us to inspect social and technical dimensions
of change and their interactions during legacy systems’
replacement.

For narrating such change and its outcomes, we applied the
PSIC model (Lyytinen & Newman, 2008) as a sensitizing
device. The model draws on sociotechnical theory (Leavitt,
1964) to account for and explain how organizational change
following system implementation dynamically integrates four
recursively interdependent components or fails to do so: tasks
(work processes), actors (people), structure (organizational
arrangements), and technology (software and hardware, such
as an enterprise resource planning, ERP, system). It assumes
a hierarchical leveling of change, wherein analysis requires
framing at several levels: the “work system” (the
organization’s incumbent work processes supported by the
systems in use), the “building system” (resources and
activities assembled locally for replacement), and (if
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applicable) the higher-level system (global implementation).
The model aids in identifying and capturing social
inertia/change at multiple analysis levels (local/global) to
account for changes in system use and, thereby, whether and
how options are realized during the COTS implementation
and related replacement process as levels of associated
technical debt are ascertained and addressed.

Via the options/debt framework, one can view
sociotechnical changes that alter technology as design
moves with a specific resulting options/debt ratio. Such
process analysis leads to fine-grained analysis of the
interplay between architectural debt and digital options
associated with gaps between sociotechnical components
(e.g., poor technology-task fit), highlighting imbalances and
related inertia that the COTS implementers need to address
by changing either the social system components or the
technology.

The Case Study

We used purposeful sampling (Patton, 1990) to conduct an
explanatory case study—an explanation of the emergence of
a state or event (Yin, 2018). To this end, we identified a
research site that, notwithstanding its best intentions and
effort, had struggled to discontinue its legacy systems. We
were granted generous access to the site: interviewing all
critical stakeholders involved in the system-replacement
efforts allowed us to collect a rich dataset covering the
changes in the site’s systems and their architecture, changes
in system use, and implementation outcomes. The site,
referred to here as “EngineShop”, is a Finnish factory owned
by the pseudonymous EngineGroup, a multinational
manufacturing company with more than 130,000 employees,
worldwide. The group’s business focuses on robotics, heavy
electrical equipment, and automation technologies.
EngineShop itself employs roughly 1,000 people and is one
of EngineGroup’s main sites for the production of
high-quality electric motors and generators. In the early
2000s, EngineGroup launched a strategic initiative to shift
from geographically based operations to a global matrix
organization. This called for universal adoption of a uniform
system architecture and related systems to support the
group’s financial, manufacturing, and design operations. It
involved replacing country- and factory-specific legacy
systems to simplify system architecture and enable globally
coordinated design and production. For EngineShop, the
change meant discontinuing a decade-old legacy system
called Driving Glove (DG) and implementing common
COTS solutions. After two staggered COTS implementation
phases, the site had not succeeded in marginalizing or

withdrawing DG. In fact, significant portions of it remain in
operation today. This has resulted in a complex system
architecture, mounting hidden maintenance costs, and the
inability to fully exploit the digital options promised by the
common COTS systems.

Collection of Data

The data collection consisted of an orientation phase
followed by four rounds of interviews. We started with a
group interview to chart current system use at EngineShop
and identify possible research topics. Then, the study’s focus
evolved through several rounds of personal interviews. The
early interviews probed the reasons for the site’s
caught-between state (Round 1, with 12 interviews), but later
we narrowed our focus to dissecting the details of the
replacement process in light of sociotechnical changes and
related system equilibria (Round 2, four interviews). The
next interviews examined these outcomes’ implications for
debt and options (Round 3, four interviews). Data collection
concluded with validation of the emerging findings (Round
4, five interviews). Table 2 summarizes the goals for each
round and its research implications.

The collection and analysis of the data iteratively followed a
realist approach (Van Maanen, 1988). By collecting data in
several rounds, with varying foci, we were able to gather
multiple accounts of the events from diverse participants.
The data collection employed semi-structured interview
protocols, one developed for each round. Detailed probing
of the transcripts and supplementary materials provided by
informants (e.g., charts of process changes and materials
pertaining to the implementation projects and outcomes)
helped with thick description of the change process and
trajectory. All interviews were recorded and transcribed.

Overall, the data collection yielded 400+ pages (172,595
words) of interview transcripts, eight pages of handwritten
field notes, and 192 archival documents. Access to
conflicting opinions and perspectives on the change and its
outcomes, in combination with the sample’s broad
representation of the organization’s roles, tasks, and
functions, decreased the threat of biases and errors, enabled
triangulation, and provided means for source criticism. In
addition, we leveraged several secondary data sources,
among them two bachelor’s theses and two master’s theses
reporting on the specific aspects of EngineShop’s legacy
system replacement effort, including an account of
implementing a COTS ERP system (Study 1, 2008) and its
design-support tools (Study 2, 2014; Study 3, 2010; Study 4,
2015) between 2008 and 2015.
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Table 2. The Data-Collection Rounds and Their Foci

Round Purpose Implications
Orientation Chart the current situation and approaches to | Specifying the research objective as explaining the state of
studying legacy system discontinuance being trapped between old and new systems
1. Initial Investigate why discontinuance had not Sociotechnical (S-T) misalignments and inertia as
understanding | succeeded explaining the caught-in-between situation; the PSIC model
of the (Lyytinen & Newman, 2008)
phenomenon
2. Creation of | Reconstruct the narrative of events at many Identification of S-T changes and their implications for
the PSIC analysis levels, from antecedent conditions, technical debt (Cunningham, 1992; Kruchten et al., 2012),
narrative through implementations to the “caught- to capture technical inertia
between” situation
3. Focused Link S-T changes to accumulation of various | Digital options as the source of debt accumulation;
examination of | types of technical debt within the design- identification of architectural debt as the debt type to focus
technical debt | moves framework on; integration of digital options and architectural debt via
the design-moves framework (Woodard et al., 2013)
4. Mapping Identify design moves and their impact on Elaboration of the system-dynamics model with feedback
and validation | digital options and architectural debt, connect | loops, to explain the caught-between state’s emergence
of design the design moves to S-T changes, and and persistence as a function of both technical and social
moves validate the outcomes inertia

Data Analysis

We began our analysis with the steps outlined by Lyytinen and
Newman (2008) and coded the data for critical events at several
levels of analysis, using the software ATLAS.ti. The analysis
involved coding for gaps and balances between the
sociotechnical components over the study’s full time span and
identifying sources of social inertia and changes in the overall
equilibria of the sociotechnical systems involved (the work
system, building system, and global factors) and their vertical
interactions. While some changes were identified as
punctuated, in that they immediately changed the essence of the
sociotechnical work system’s “deep structure” (e.g., deploying
the COTS system to use), others were incremental, in that only
a successive series of them would fundamentally reshape the
work system (e.g., modifying the COTS system).

After identifying key changes, we conducted design-moves
analysis by assessing the changes’ implications for architectural
debt and digital options (Woodard et al., 2013). We
operationalized past work on design moves (Woodard et al.,
2013) and architectural debt (Besker et al., 2018; Li et al., 2015)
to determine what constituted increases/decreases in the options
and debt resulting from each move. The substantial archival
material (System documentation) enabled validation of the
informants’ recollections and interpretations of the events and
outcomes. We examined architectural dependencies by
analyzing pre- and post-implementation architecture maps and
related models. Likewise, project milestone documents
provided evidence of past technical decisions and their
rationale. For instance, a pre-study document on the site’s “as-
is” situation from 2006 confirmed the informants’ claims about
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such strengths of DG as support for well-integrated local
information flow and clean, transparent data structures (low
architectural debt) that were diligently documented (low
documentation debt). It also provided evidence of weaknesses
such as poor support for global, multi-site manufacturing (low
option value), reliance on just a few people for system
development and maintenance (high people debt), and outdated
technology (high infrastructure debt). Ultimately, we
constructed visual PSIC maps of the two focal implementation
processes (see Appendix A). In line with Woodard et al. (2013),
we assessed the site’s position on the design-capital map before
and after each move, with the quadrants representing the option-
constrained, low-quality, debt-constrained, and high-quality
states (see Figure 2). In total, the analyses produced 991 codes,
with 12 higher-level categories and 129 indicators. To validate
our findings, we presented the analysis results and our
interpretation of the outcomes to a group of site managers. They
had no objections to these.

Empirical Findings I

Our reporting of the findings has three parts. The first
describes the antecedent conditions that triggered
EngineGroup’s shift toward globally coordinated operations
supported by common COTS solutions. Then, we examine
how the change initially pushed EngineShop into an option-
constrained state, given its system architecture and the state of
its legacy systems. Finally, we narrate the legacy system
replacement process that followed, using the vocabulary of
sociotechnical change and design moves.
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Antecedent Conditions

Before the legacy system replacement initiative was launched,
EngineShop had utilized DG for a decade. Its use extended to
nearly every function of the organization, covering product
design, configuration management, production and logistics,
accounting and financials, sales, and purchasing. The national
IT manager at EngineShop described DG’s integration level
as “world-class” in the system’s heyday (1997-2005): “It was
so tailored, fit for purpose, and made precisely for these
operations. You couldn’t find corresponding functionality in
any commercial system or combinations of them.” Data
flowed automatically from one part of DG to another, then
onward to other systems (for financials, logistics, etc.),
contributing to high data integrity and quality. The system was
diligently customized to support the factory’s unique pattern
of operations. Its local nature was reflected in its originally
Finnish-only interface. Since DG’s development was handled
by local developers, user requests and local needs could be
dealt with rapidly and responsively. This efficiency and
flexibility contributed to high user satisfaction and use
effectiveness. At the time, the system’s use aligned well with
the scope of EngineShop’s operations: the ability to produce
extensively customized high-end products for local customers
was deemed the site’s central competitive advantage.

Initiation of Change
EngineGroup’s Global Initiative

To increase its global market agility, EngineGroup opened
several new factories in Asia in the early 2000s. It also
overhauled local and geography-based management
structures, reorganizing its operations under a networked
matrix structure. The chain of responsibility would no longer
run vertically through a single geographical location; it would
extend laterally across several dimensions locally and
globally. Such a global structure required rearranging all
product-design and manufacturing operations, which
demanded complex and seamless coordination among
multiple units across geographical boundaries. For example,
an Italian factory would assemble products from components
designed in Finland and manufactured in Estonia. As the
change progressed, EngineGroup’s leadership recognized that
operating tailored, local systems at each site did not support
the new logic. The local (legacy) systems lacked features
enabling the sites to collaborate laterally in an effective and
scalable manner; i.e., they did not provide such digital options
locally. Also, they precluded cultivating the capabilities
EngineGroup needed as a whole to support its strategy and
achieve agility globally (i.e., global digital options). Further,
the local systems and related architecture made
EngineGroup’s global IT architecture —management

complicated, with a significant level of global architectural
debt. These issues prompted EngineGroup to replace its sites’
legacy systems with a common COTS solution. In addition, to
boost agility via common globally interoperable systems, the
change outsourced most local system development and
maintenance work.

EngineShop’s Local Response.

Refined through a decade of use experience, DG’s operation
reflected a well-balanced sociotechnical system: catering to
EngineShop’s local needs and tasks, it was aligned with
current structure (W1 in figures Al and A2, in Appendix A).
In response to the new global priorities, EngineShop entered
the “realization” phase (Mehrizi et al., 2019) by starting to
scrutinize DG’s functionality with regard to the digital options
desired globally. The review made it clear that EngineShop
had to “pull the plug” on DG, resulting In the system’s formal
discrediting. Although architectural debt related to this and
other systems had not become visible locally (thanks to DG’s
tight coupling of processes, local operations, and sufficient
support), DG could not provide effective coordination of
global product engineering and manufacturing. Hence,
EngineShop found itself in an option-constrained state,
wherein global strategic demands necessitated replacing DG:

We didn’t have a choice. We had to do it because
EngineGroup says so. And it did not necessarily seem
sensible to us. But, of course, we understood that we
had had DG for quite a few years already and,
technologically speaking, it was approaching the end
of its life cycle and issues with technical support might
emerge. (Project Manager)

EngineShop recognized that operating DG reliably depended
on a dwindling pool of experts (people debt), and it ran with
aging technology that posed future security and stability risks
(infrastructure debt). The site’s managers saw its replacement
as an opportunity for paying off the accumulated debt,
whereby future maintenance obligations should be largely
shifted to COTS systems’ providers.

Over the years, DG had grown organically into an all-
encompassing “‘monolith” touching every process at the Site.
No single COTS solution could replace it entirely. Therefore,
the local management initiated two COTS implementation
projects to replace DG. The first would enable global
coordination of product engineering by implementing the
product-data management (PDM) system by Siemens called
Teamcenter. Because of EngineShop’s proven high-quality
product engineering and its related system-development
skills, the global organization chose this as the Teamcenter
pilot site. Second, harmonized resource management was to

MIS Quarterly Vol. 47 No. 1 / March 2023 9



Rinta-Kahila et al. / Sociotechnical Analysis of a Legacy System’s Replacement

be achieved through the group-wide deployment of a family
of SAP products. Initially, the intent was to replace DG
entirely by splitting the monolith into two parts: engineering
processes (including product data and the product
configurator) would be moved to Teamcenter while an SAP
system would handle related administrative processes (orders’
fulfillment, document mediation, etc.). Implementing the two
COTS systems was expected to lower various forms of
technical debt and offer new digital options both locally and
globally.

The Legacy  System Strikes Back:

Accumulation of Architectural Debt

Preparations for Teamcenter and SAP implementation began
in 2006 and 2008, respectively. Both implementations
followed a canonical pattern of staggered implementation
activities, environmental events, and organizational
responses. Below, we chronicle the two system-
implementation projects with regard to both the social changes
plus resulting inertia (PSIC analysis) and technical change in
relation to digital options and architectural debt (design
moves). We show how the change triggered interactions
between the two dimensions of change and eventually,
contrary to initial expectations, locked the site into a debt-
constrained state. The implementation chronologies can be
divided into multiple episodes of system upheaval
“characterized by the need to reform the deep structure” of the
work system (Lyytinen & Newman, 2008, p. 593). Each
episode encompasses a significant technical change to the
site’s IT systems (see Figure 1), bracketed by punctuations
that altered the work system’s deep structure (via either a
single move such as a system implementation or a series of
incremental development efforts). The section concludes with
discussion of the systems’ cascading interactions and the
related dependencies.

The Teamcenter Implementation: Social Change
and Inertia

The three episodes outlined at the top of Figure 1 constitute
the Teamcenter sociotechnical implementation narrative.
This involves oscillations in work- and building-system
balances/imbalances. Our visual map (see Appendix A’s
Figure Al) labels these W1-W12 (for the work system) and
B1-B12 (for the building system).

Episode 1: Implementation project (2006-2009).
EngineShop’s extensive as-is analysis of legacy engineering
functionality in 2006 revealed that DG’s product
configurator, encapsulating the site’s unique business logic,
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was too complex to be ported to Teamcenter.
Simultaneously, the global managers demanded that the
factory’s productivity should not decline during the
replacement. That created local social inertia, as reflected in
the initial building-system gap in the project (B2): the
structure established to execute the change lacked sufficient
scope and resources for the task of replacing DG’s product-
engineering functions. The revelation was followed by a
“reversion” (Mehrizi et al., 2019), which narrowed the
implementation task (scope) (B3): the product configurator
and some other parts of the product-engineering
environment would remain in use (relegitimized), and
Teamcenter would be integrated with them. The site could
operate as before and its productivity would not suffer. The
IS manager explained,

[Migrating all engineering functions] would have
been expensive and difficult, so why force it, when all
we would have gotten would have been some
architectural benefits of having the configurator and
PDM in the same package? There was no business
case for it.

This decision put a “cap” on the social change needed and
reduced social inertia by decreasing the extent of mandatory
alterations in actors, tasks, and structure. The DG
configurator was to be replaced with an equivalent COTS
module later, once the other PDM functionality and the
related ERP components had been implemented.

As the deployment progressed, new gaps emerged in the
building system. The project team discovered that counter to
initial expectations, Teamcenter could not support the
complex data structures of EngineShop’s product
architecture and related work processes. The resources (time
and money) allocated to the project were found to be
insufficient  for  implementing viable  Teamcenter
functionality at the site (B4). Implementation could proceed
only through adjustments to the task and heavy
customization of the Teamcenter system to the site’s work
activities (B5). Additional gaps became visible later when
the legacy data were being migrated from DG to Teamcenter
(B6) and product data became corrupted due to
inconsistencies in data structures between DG and
Teamcenter. Compounding the issue, the factory lacked the
human resources necessary to rectify the problem. To
guarantee a successful “handover” (Mehrizi et al., 2019),
EngineShop addressed the gaps between the task, structure,
and actors by hiring temporary workers to repair the corrupt
data and introducing additional customization (B7).
Resource constraints led to many shortcomings in the initial
solution (architectural debt) whereby data integrity suffered.
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Teamcenter Episode 1: Teamcenter Episode 2: Teamcenter Episode 3:
Implementation project (2006-2009) System improvement (2010-2011)  Replication at other sites (2011-2013)
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SAP Episode 1:
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\(sslil:)epnmed built (S18) lacks key provide the lacking developed (S28)
functionality (S1C) functionality (S2A)

Implementation project (2008-2010)

SAP Episode 2:
System improvement (2010-2013)

Figure 1. Timeline of Implementation Events and Episodes

Teamcenter replaced DG as the site’s PDM system in 2009
(W7), a punctuation that transformed the deep structure of
EngineShop’s work system. Teamcenter turned out to be
inferior in many respects. It was unstable, and its frustratingly
slow performance increased lead times. Although the system
had been tailored to the legacy system’s architecture, the
previous smooth integration and support for established
product-design processes could not be matched. The new
solution added “unnecessary” steps to the design processes,
involving extra manual work (e.g., recording the same data in
multiple systems, multiple times). Therefore, product
engineers resisted the change and vocalized their
dissatisfaction with the new system in comparison with DG.

Episode 2: System improvement (2010-2011). By this point,
the SAP implementation had begun. Its strict schedule and
sheer immensity dictated funneling all available resources to
this endeavor rather than continuing efforts to expand and fix
Teamcenter’s functionality. The global management team
specified that the implementation project’s high priority
precluded the Teamcenter changes identified as required (B8).
The Teamcenter application owner explained:

Engineering times increased by, I think, as much as
50% ... [W]e thought that [Teamcenter] would get
improvements straight away, but then the SAP
implementation came and took all the development
resources .... Then two years passed without any
developments.

From the global perspective, the product-engineering
processes supported by Teamcenter appeared to work well
enough, so the system was deployed at other sites. Eventually,
new resources were provided for making critical incremental
changes that gradually improved Teamcenter’s performance
(B9), albeit with the cost of further customization (W9-W10).

Episode 3: Replication at other sites (2011-2014). Next,
EngineGroup sought benefits from a uniform PDM approach
by replicating the Teamcenter implementation at its other
sites. In 2011-2012, EngineGroup deployed Teamcenter in
Estonia and China. However, the sites there had their own
legacy environments, calling for additional customization.
With the locally oriented tweaks, at EngineShop and other
sites alike, it remained challenging to establish a group-wide
shared product-engineering environment (W10-W11):

We have one shared structure for component lists in
Teamcenter. But there are differences [due to
customization] in the ways [the structure] behaves
when going forward in the process ... We might have
a need to modify the structure, but then another site
says that [its local legacy customizations mean] you
cannot modify it. (Engineering Manager)

The gulf between locally customized systems and global
governance structure dictated that EngineShop had to
continue customizing its Teamcenter system in pursuit of
greater compatibility with other sites.
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The Teamcenter Technical

Change and Inertia

Implementation:

From a technical perspective, the system-implementation
narrative represents a string of design moves (prompted by
social inertia) with ramifications for EngineShop’s digital
options and architectural debt. In each move’s code in Table
3, the first letter refers to the implementation project (“T” for
Teamcenter), the number denotes the episode (e.g., “1” for
Episode 1), and the last letter reflects the moves’ order in the
episode (“A” denotes the first one, etc.).

Episode 1: Implementation project (2006-2009). As noted
above, EngineShop was initially in an option-constrained
state. During Episode 1, the decision to replace only some DG
functions and retain the configuration system created a patchy
system architecture with technological gaps foreshadowing a
high level of architectural debt (T1A). The technical
environment grew increasingly complex as new-system
functions had to be integrated with the remaining legacy
environment. Similarly, architectural debt was planted during
the initial customization of Teamcenter (T1B) and the
tailoring that followed through numerous latent nonstandard
dependencies and higher complexity (T1C). This left some
migrated data in an incompatible format. Debt accrued
latently because the new system still had not been fully
implemented. For the same reason, the initial moves had no
tangible effect on the options available.

After Teamcenter’s launch, EngineShop’s local options
decreased significantly on account of the system’s poor or
absent functionality, severely constraining the site’s
engineering performance and ability (T1D). Since the system
was not functioning properly even for basic tasks, the
collaboration options sought by the global management were
not realized. Implementing it also introduced notable
architectural debt due to the increasingly fragmented IT
architecture, with several compatibility-poor systems,
technological gaps from integrating a new system into the
legacy environment, and the maintenance and development
burden that followed. The conditions resulting from this
punctuation pushed EngineShop into a low-quality state.

Episode 2: System improvement (2010-2011). The next
episode involved integrating Teamcenter with the SAP system
via a customized mediation module. This move produced new
options for system interoperability (T2A) but added
architectural debt: the module was a home-grown system
linking two new (already heavily customized) systems into
DG, thus contributing to maintenance complexity and
technological gaps. Further customization to improve
Teamcenter’s functionality ultimately increased the options
by rendering the site’s engineering capability comparable to
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that before the implementation (T2B). This, however, came at
the expense of adding architectural debt due to escalating
deviations from standard system architecture.

Episode 3: Replication at other sites (2011-2013).
Customizing Teamcenter to achieve compatibility with the
Estonian and Chinese sites (T3A-T3B) furnished EngineShop
with new global collaboration options. Still, with this
customization, the system strayed further from standard
architecture and functionality, rendering system updates
increasingly laborious and time-consuming: numerous
unsystematic, nonstandard dependencies required separate
testing before any major version release. Thus, increases in
both digital options and architectural debt brought
EngineShop from a low-quality state to a debt-constrained
one. The site’s ability to exploit the new collaboration options
remained limited, however, because local customization at
other sites restricted the extent to which Teamcenter’s features
could truly be utilized.

The SAP System Implementation: Social Change
and Inertia

The two episodes shown at the bottom of Figure 1 constitute
the SAP-related sociotechnical implementation narrative.
That narrative articulates the oscillations involving
balances/imbalances in the work system and building system
denoted as W1-W10 (work system) and B1-B10 (building
system) per the PSIC visual map presented in Appendix A’s
Figure A2.

Episode 1: Implementation project (2008-2010).
Preparations for the SAP system implementation commenced
in 2008: “The goal had been that we would not customize [the
SAP system] much. ‘Keep it simple’; that was our motto.” A
building-system imbalance was laid bare during the
development of the implementation plan when the team
realized that no single unified system could support the
Finnish production sites’ unique business logics (B2). This
shattered the initial dream of a “vanilla” SAP system
implementation for all Finnish production sites and led to a
locally customized implementation (B3).

As the implementation advanced in 2009, it quickly became
clear that the lightly customized SAP solution was still not
compatible enough with the work processes at EngineShop
(B4). Within the constraints set, the team now had to choose
either a radical redesign of most work processes to align them
with the planned (lightly customized) implementation
template or perform heavy customization to support existing
processes. This choice opened a widening gap between the
actors and task in the building system, as the project managers
could not reach agreement on how to proceed (B5).
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Table 3. Design Moves in the Teamcenter Implementation

State of Impact of
design capital | design move

Design | Episode and
move | strategic intent

Sociotechnical gaps
(Social inertia)

Design actions

T1A 1: Guarantee local | Building-system structure not Reduce implementation | Option Increased debt
productivity while | supportive of the implementation task, | scope by excluding constrained
implementing a because of incompatibilities within DG | some legacy applications
product- work-system structure from replacement
T1B 3”9'“ee“ng lobal Building-system structure and actors | Customize Teamcenter | Option Increased debt
Zys_te:n with global inadequate for the implementation for the sustained legacy | constrained
igital options task, for reason of incompatibility with | environment
DG work-system structure
T1C Building-system structure and actors | Customize Teamcenter | Option Increased debt
not adequate for the implementation | for the sustained legacy | constrained
task, because of incompatibility with environment and hire
DG work-system structure and people to fix the legacy
technology system data
T1D Customizations balancing the building | Replace DG’'s PDM Low quality Abandoned
system and enabling Teamcenter functionality with options,
implementation Teamcenter increased debt
T2A 2: Create Incompatibility of the Teamcenter Integrate Teamcenter Low quality Created
conditions for work system’s customized technology | with the SAP system by options,

global with the SAP system increased debt

collaboration in

using a customized
module

T2B proc_juct . . Incompatibility of the Teamcenter Customize further and fix | Low quality Created
engineering while work system’s technology with the significant bugs detected options,
maintaining structure, actors, and task as hampering increased debt
acceptable levels engineering work
of local
productivity

T3A 3: Pursue global | Incompatibility of the Teamcenter Customize Teamcenter, | Debt Created
digital options work system’s technology with the to create compatibility constrained options,

provided by the structure and task, because of the with the Estonian site increased debt
new shared Estonian site’s work system
T3B system Incompatibility of the Teamcenter Customize Teamcenter, | Debt Created
work system'’s technology with the for compatibility with the | constrained options,

structure and task, because of the Chinese site increased debt

Chinese site’s work system

In the end, the site manager decided on the second option,
greatly adjusting the vanilla solution, to accommodate the
task-actor-technology relationships on the site. This
circumvented the challenge of overcoming significant social
inertia but resulted in a significantly customized system that
involved a (document) mediation module (B6).

In 2010, the SAP system entered production use and was
integrated with Teamcenter (W7). Some critical operations-
and manufacturing-related legacy functions not supported by
SAP had to be omitted from the implementation’s scope to get
the main project across the finish line in time. This choice
reduced process traceability and complicated the management
of critical production resources’ utilization, creating
additional gaps between system functions and the actor-task
relationships. The SAP system offered inadequate support to

critical manufacturing processes (task), it was inconsistent
with present manufacturing workflows (structure), and
therefore workers found adjustment to the new system
difficult (actors).

Episode 2: System improvement (2010-2013). For a “quick
fix,” the local IT group created Excel-based shadow systems
to render day-to-day operations viable at some level. Still, the
switch from highly integrated legacy tools to patchy makeshift
systems created inefficiencies and increased user
dissatisfaction. This necessitated further efforts to bridge the
evident sociotechnical gaps. Two customized modules were
implemented on top of the SAP solution, to replace the
shadow systems created. These made manufacturing
operations’ traceability feasible and reduced the gulf between
the SAP system and surrounding workflows (W10).

MIS Quarterly Vol. 47 No. 1 / March 2023 13



Rinta-Kahila et al. / Sociotechnical Analysis of a Legacy System’s Replacement

The SAP System
Change and Inertia

Implementation: Technical

Table 4 summarizes the design moves triggered by social
inertia during the SAP implementation and shows how the
moves shaped EngineShop’s options and debt. The moves are
denoted similarly to those in the Teamcenter narrative above
(e.g., S2A is the first move in the second episode).

Episode 1: Implementation project (2008-2010). From the
initial option-constrained state, the move to opt for a local
customized SAP implementation (S1A) and implement a
document-mediation module built in-house (S1B) increased the
debt through greater architectural complexity and new
technology gaps. The debt remained latent since the system had
yet to be implemented. Launching the SAP system (S1C) and
decommissioning DG’s functionality diminished the range of
options by eliminating several core functions of the previous
system, including item tracing. Integrating the customized
system into the legacy environment realized the latently
accumulated debt by generating new dependencies between the
SAP system, Teamcenter, and the remaining legacy
components, pushing EngineShop into a low-quality state.

Episode 2: System improvement (2010-2013). EngineShop
built Excel-based shadow systems to replicate (discontinued)
functionality not carried over to the SAP system (S2A). This
created options by, e.g., enabling a degree of traceability. It
also accumulated debt by introducing siloed, nonintegrated
makeshift systems. During design moves S2B and S2C,
EngineShop developed internal product-tracing-support
modules to replace the makeshift systems. This also restored
process productivity to near-DG levels, generating new local
options. To sum up, the additions moved EngineShop beyond
its previous capabilities, but simultaneously added
architectural debt: the new, customized pieces’ deviation from
the SAP system’s standard functionality necessitated
additional maintenance, plus testing whenever a system
update was planned.

Getting Stuck in a Debt-Constrained State

The accumulation of architectural debt remained largely
hidden as the site continued customizing the new COTS
solutions. A local IS manager stated that the risk of taking on
debt “was acknowledged at a general level, but there had been
no sufficient understanding of the gravity of its implications”
for system functionality and version updates until most
systems were in use. Design moves to bridge sociotechnical
gaps implied that EngineShop had to choose between the
Scylla of addressing significant social inertia from radical
process reengineering and the Charybdis of mounting
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architectural debt from considerable continued customization.
At the time, locally mounting debt was not deemed
troublesome globally as long as productivity was maintained
and (globally strategic) digital options were realized. Hence,
both COTS systems were customized so that significant
changes to the social system (structure, task, actors) would not
be needed. Customization notwithstanding, misalignment
between the COTS systems and the social system drastically
reduced local design- and manufacturing-related options.
Subsequent customization to restore site productivity led to
further architectural debt. The simultaneous void of global
pressure for local debt elimination and the growing “combat
fatigue” (arising from difficulties in system implementation
and use) at the local level provided additional inertia.
Accordingly, the local management never dedicated itself to
fully removing DG. In consequence, marginalization (Mehrizi
etal., 2019) of the replaced legacy functions was not achieved:
some senior engineers insisted on using DG’s item search
functions, which remained as a shadow system after this
function had officially been moved to Teamcenter.

After the two implementations, EngineShop consciously
strove to reduce architectural debt. In 2011-2020, several full-
replacement initiatives were proposed, with such evocative
titles as “Kill DG Configurator.” None received the global
management’s approval since the site was unable to make a
business case for withdrawing a seemingly well-functioning
local system. Another factor in the lack of success was the
emerging global development context, which hindered the
creation of a local building system that could replace DG (no
local slack existed).

Accumulation of architectural debt rendered management of
the system increasingly difficult. Ironically, though the local
management had viewed the two system implementations as
an opportunity to eliminate different forms of technical debt
accumulated with DG, the COTS implementations increased
architectural debt, and other forms of technical debt too. While
the original DG solution was documented fairly well, most of
the complex integration solutions and customization to
connect the new systems with legacy applications remained
poorly documented, thereby increasing documentation debt.
This left the site dependent on a small pool of system
consultants who understood the solutions (people debt). Also,
infrastructure debt remained a problem since the old system
components and related hardware had to remain in place.

The aggregate impact of design moves to implement the two
systems (Tables 3-4) is depicted in Figure 2. The figure
presents EngineShop’s overall option-debt ratios during the
staggered replacement process, narrating a journey with an
unintended outcome: moving from an option-constrained to a
debt-constrained state.
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Table 4. Design Moves in the SAP System Implementation

Design | Episode and Sociotechnical gaps Design actions State of Impact of
move strategic intent | (Social inertia) design capital | design move
S1A 1: Guarantee Building-system task Blueprint a locally Option Increased debt
local productivity | incompatible with DG work- customized SAP system | constrained
while system structure implementation
S1B gnpﬁleme{]tlng e.‘trr'] Building-system structure Develop a customized Option Increased debt
lob Tyst e[n Wi inadequate for the document-mediation constrained
glo Ia strategic implementation task, because of | module; omit other key
goals incompatibility with DG work- functionality from the
system structure implementation
SicC Customizations balancing the Replace DG’s ERP Low quality Abandoned
building system and enabling functionality with SAP options,
SAP system implementation functions increased debt
S2A 2: Create Incompatibility of the SAP work | Develop quick fixes with | Low quality Created
conditions for system’s technology with the Excel to enable process options,
global SAP structure, actors, and task traceability increased debt
S2B .SnytSte:n tion and SAP work-system technology Develop a custom Low quality Created
: e.gta. ona incompatible with the structure manufacturing-execution options,
maintain and actors module increased debt
acceptable levels
S2C of local SAP work-system technology Develop a custom Debt Created
productivity incompatible with the structure item-traceability module | constrained options,
and actors increased debt
Option constrained High quality
T1A,T1B,T1C
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Figure 2. The Effect of Design Moves in the Two Implementations on Debt and Option Levels
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Both implementations exhibited a pattern in which an
unplanned and reactive string of technical changes over several
years dramatically increased architectural debt. Initial
customization to restore legacy-afforded digital options built a
path dependency whereby the further pursuit of additional
options came through additional customization. These together
dragged the site into deeper unintended architectural debt.

Theoretical Synthesis I

Our analysis suggests that the systemic relationships among
social inertia, technical debt, digital options, and legacy
system discontinuance are complex, path-dependent, and
dynamic—more so when the replacement operations are
staggered, involve multiple systems, and touch multiple sites
with significant dependencies. The dynamic interactions
between elements produce feedback loops that push system
architectures toward higher technical debt while inhibiting the
realization of digital options. This points toward examining
the phenomenon via a systems perspective that assumes
reciprocal and temporal causal relationships among
components (e.g., goals, decisions, IT systems) of a holistic
System (e.g., an organization’s overall sociotechnical system)
(Sterman, 2001). Further, most prior studies of system
implementation and technical debt have approached the
replacement problem as a single-level issue, yet the need to
recognize the presence of both centralized global control and
heterogeneous local operations calls for a multilevel
perspective involving emergent and constraining interactions
between lower and higher levels (Kozlowski & Klein, 2000).
Adopting such a perspective helps capture the complex,
emergent system behaviors that follow local system
replacement and how they interact with the global responses.

The Dynamics of Legacy Systems’ Replacement

Encouraged by our analysis identifying paradoxical and
nonintended outcomes associated with local system
replacement, we decided to apply system dynamics (SD) to
synthesize the key relationships among relevant elements into
an SD model of legacy system replacement (Baker & Singh,
2019; Fang et al., 2018; Martinez-Moyano et al., 2014). SD is a
modeling tool grounded on the systems perspective that enables
one to model holistic system structures with circular and
delayed causality between different components (Sterman,
2001). We thus engaged in an abductive process appropriate to
understand paradoxical findings (Seetre & Van de Ven, 2021),
which called us to reflect upon our empirical findings against
the backdrop of introduced theoretical concepts. Drawing on
the PSIC and design-moves analysis, we integrated the key
elements into a multilevel sociotechnical framework that
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revealed primary causal links between them (e.g., between
customizing COTS systems and local technical debt). Per Fang
etal. (2018) and Martinez-Moyano et al. (2014), we determined
the polarity (negative vs. positive effect) of each causal link in
line with our assessment of the direction of causal effect (e.g.,
customization has a positive effect on local technical debt). In
assessing polarity, we triangulated among our empirical
findings, previous research, and logical reasoning.

Next, we articulated the main feedback loops by integrating sets
of chained (recursive) causal effects (see Fang et al., 2018).
Then we looked at the net effect of each feedback loop and
denoted each loop as either a reinforcing or a balancing one. A
reinforcing loop (with positive net effect, indicated by ‘“R”)
features either an even number of negative links or no links that
are self-sustaining. In contrast, a balancing loop (with a negative
net effect, denoted by “B”) has an odd number of negative links
so that it counterweighs the reinforcing loops to which it is
connected. Each loop was given a descriptive label based on its
expected main effect (Martinez-Moyano et al., 2014). For
example, the Global-Option-Pursuit Loop R1 in Figure 4
expresses a reinforcing loop of how digital options are pursued
at a global level. In line with the multilevel perspective of the
PSIC analysis, we positioned the loops across the focal levels
of analysis: the local site and global organization. The
multilevel nature of the phenomena observed and our case
findings led us to conceptualize both technical debt and digital
options as manifested at both a local and global level in the
organization. In line with the PSIC approach, we recognized the
effects originating from the external environment.

The resulting SD model illustrates how social inertia, technical
debt, and digital options interact and influence (and are
influenced by) one another during system replacement at each
level of analysis. It explains the persistence of legacy systems
during the replacement process and the consequent
accumulation of technical debt. Next, we elaborate on the
model’s organization and logic. Drawing on this theoretical
synthesis, we next formulate four propositions focused on main
causal loops, which we expect to hold more generally across
contexts. The propositions communicate the theoretical logic of
how technical and social inertia affect legacy system
discontinuance—the focal phenomenon of our study.

We begin our presentation of the SD model by examining the
dynamics of pursuing global-level options related to agility and
reducing global technical debt. Then, we complete our outline
by connecting these dynamics to those of the local-level
replacement, which accumulated technical debt locally as a
result of technical and social inertia faced during system
replacement. The “full” SD model covers both levels and shows
how local inertia ultimately struck back and shaped
EngineGroup’s global debt and options. Appendix B outlines
the model’s key constructs and the logic of their causal links.
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Figure 3. Global Pursuit of Agility viaa Common COTS Solution

Global COTS Implementation Dynamics

Market dynamism driven by globalization and turbulent
competition creates new business opportunities for global
organizations like EngineGroup. At the same time,
technological advancements offer new IT solutions, such as
COTS systems, that help them seize those opportunities. For
example, the standardization of data and processes by means
of COTS solutions grants global managers greater control
over local sites (Rolland & Monteiro, 2002). This allows more
flexible and efficient coordination of global product
engineering and manufacturing. These  IT-enabled
coordination mechanisms extend the digital options globally
for increased agility (Overby et al., 2006; Rolland et al., 2018;
Sambamurthy et al., 2003). Creation of such options was the
main driver triggering the sociotechnical change narrated in
our case. EngineGroup pursued these options through a direct
top-down effect (Kozlowski & Klein, 2000) by mandating a
common COTS solution for all local sites, where the solution
would generate similar options locally. Because the local sites
of such global organizations have distinct characteristics,
histories, and capabilities, global digital options can be
expected to emerge via a bottom-up “compilation” process
(Kozlowski & Klein, 2000).2 This assumes that the realized
local options can be brought together across local sites (e.g.,
Finland’s and Estonia’s using shared product-data structures)
and then configured globally in a process that is inherently
complex and discontinuous. The salience of the available
options at each site depends on the site’s unique characteristics

2 While we do not have detailed data on system implementations at local
sites other than EngineShop, this is a logical deduction.

and position in the larger organization. In sum, EngineGroup’s
global pursuit of new opportunities via digital options entailed
a top-down mandate to implement COTS solutions at each
local site (EngineShop and all others). From an SD
perspective, this endeavor should produce the hoped-for
reinforcing cycle of wider digital options enabling agility: the
global-option-pursuit loop (R1) in Figure 3. Another motive
for implementing a common COTS solution was
EngineGroup’s need to resolve its globally accumulating
technical debt created by heterogeneous local systems.
Harmonizing the global system architecture via a common
COTS solution creates the second self-sustaining cycle, the
global-debt-elimination loop (R2).

Local COTS Implementation Dynamics

Without the technical and social inertia inherent to local
system replacements, R1 and R2 would yield agility and
reduce technical debt ad infinitum through recurrent
(frictionless) COTS solution implementation. In complex
reality, however, local, heterogeneous legacy systems are
rife with technical inertia originating from multiple types of
technical debt. Debt-infested legacy systems impose
heightened maintenance obligations and hinder local
operations (Brown et al., 2010; Holvitie et al., 2018). If
unaddressed, these issues can eventually weigh down global
operations as well (Banker et al., 2020; Tom et al., 2013).
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Figure 4. A Multilevel SD Model of Technical Debt and Legacy System Replacement

In organizations such as EngineGroup, local-level technical
debt emerges at a global level via a compilation effect
(Kozlowski & Kilein, 2000), similar to realizing digital
options: local sites pile up varying levels of multiple types
of technical debt, with the extent of global debt then
determined through a complex configuration of debts across
sites. In such a setting, achieving global agility would
require addressing these forms of locally accumulated debt
while implementing the common COTS solution.

As Figure 4 depicts, implementing a common COTS
solution necessitates withdrawing the local site’s legacy
systems (Furneaux & Wade, 2011). Prior literature (Rolland
et al., 2018) and the EngineShop case indicate that the
discontinuance of legacy systems mired in technical debt
allows local actors to evaluate and resolve the debt by
reducing technology gaps, removing system dependencies,
and shifting maintenance obligations to COTS systems’
providers. If such a local decrease in technical debt is carried
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out diligently across local sites (as was initially intended at
EngineShop), this effort would alleviate global technical
debt through a compilation effect (Kozlowski & Klein,
2000). From the SD standpoint, such decreases in global
technical debt would also increase global agility. Generally,
we expect the replacement of legacy systems to accordingly
create a self-reinforcing cycle that spans the local and global
levels of the organization. This is the local-debt-elimination
loop (R3) in Figure 4. Hence, we offer:

Proposition 1: In global, multi-site organizations, the
discontinuance of local legacy systems increases the global
organization’s agility by resolving technical debt locally and

globally.

Together, three self-reinforcing cycles (R1-R3) enhance
global agility. But their effects are curtailed by the local
social inertia that these cycles trigger. Replacing a local
legacy system with a common COTS solution pushes the
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social system out of equilibrium and initiates significant
social change: actors, tasks, and structures need to be
adjusted to the new system’s use and the global imperatives
that accompany it. Also, the local legacy system has become
entrenched in the local site behaviorally (indwelled),
politically (legitimized), cognitively (learned), materially
(resourced), and economically (routinized) (Mehrizi et al.,
2019). These systems provide locally relevant options that
users and managers are reluctant to let go of. Hence, they
will resist the change that comes with a COTS solution;
therefore, both COTS implementation and consequent
legacy system discontinuance have to overcome significant
social inertia (Berente et al., 2019; Holland et al., 1999)
because they tear down local institutionalized models of
operation incongruent with the proposed COTS solution.

The key consequence of social inertia is increased pressure
to customize the common COTS solution to local needs.
Customization may generate site-specific options that are
unavailable with the common COTS solution, thereby
creating a comparative advantage for the local site if its
strategy is geared to differentiation and locally unique high-
value products (Davenport, 1998). In contrast,
EngineGroup’s chosen strategy prioritized global flexibility
and coordination, demanding harmonization of systems
across all sites. Our case analysis suggests that given the
contradictory demands across the global-local divide
alongside local managers’ bounded rationality and cognitive
entrenchment  (Arvidsson et al, 2014), COTS
implementations share a tendency to seek to maintain the
local status quo. Fear of growing social inertia in
combination with the presence of inherited local
development competencies led EngineShop to customize the
proposed COTS solution for a better fit with its current
operations environment. This, however, accumulated
technical debt by introducing nonstandard and latent
dependencies with additional maintenance obligations and
leaving solutions poorly documented and weakly
understood. Local accumulation of technical debt at
EngineShop and other sites contributed to growth in
technical debt globally for EngineGroup, making it difficult
to reap the rewards of coordination options afforded by the
shared solution. These dynamics suggest that local
customizations accumulate technical debt locally creating a
balancing customization-debt loop (B1) that reduces the
positive effect of the three reinforcing loops (R1-R3). Hence,
we posit:

Proposition 2: Implementing a globally shared COTS
system at local sites triggers local social inertia. The inertia
increases the local sites’ predisposition to customizing the
COTS system producing increased technical debt both
locally and globally.

It should be noted that later system customizations designed
to provide lacking functionalities and render local systems
compatible with other sites’ COTS implementations helped
EngineShop obtain the options needed for collaborating
globally (though entailing additional technical debt). This
helped realize the initially desired global options and thereby
permitted EngineGroup to gain global agility as represented
in the customization-options loop (R4).

The second consequence of local social inertia is the
heightened “stickiness” of legacy systems. At EngineShop,
parts of the legacy system were never discontinued because
their functionality allowed the site to continue operating
effectively, as called for by the global management.
Generally, local sites can anticipate high social inertia during
a common COTS implementation project when critical
legacy system components have become woven into the
organization’s  social fabric  with  self-reinforcing
mechanisms (Mebhrizi et al., 2019). Fully withdrawing these
components also introduces high technical risks in the form
of missing or low-quality data, technical errors, or
difficulties in migrating operations to the new system, which
in extreme cases leads to significant financial losses (Turban
et al., 2008, pp. 316-317), even bankruptcy (Scott, 1999).
Leaving legacy systems in place, even just partly, helps
alleviate such concerns, but this risk-averse action yields
nonstandard dependencies and technology gaps, adding to
technical debt. A balancing social-discontinuance-inertia
loop (B2) is generated, counteracting the effects of the local-
debt-elimination loop (R3). Hence, we posit:

Proposition 3: Discontinuing an entrenched local legacy
system triggers local social inertia. The inertia decreases the
unit’s predisposition toward fully discontinuing legacy
systems leading to (latent) increases in technical debt both
locally and globally.

These two local responses to social inertia created by the
new COTS system—customization of COTS solutions and
leaving legacy system components in place—increase
technical inertia by adding technical debt locally, which over
time reduces the organization’s global agility. While the
global digital options pursued through the COTS solution
may become available over time, the organization’s ability
to realize these options remains unknown and limited
throughout the implementation process. Local sites are likely
to continue customizing the COTS solution to overcome
social inertia. They may fail to discontinue parts of their
legacy systems, given the presence of both social and
technical inertia and the lure of digital options such systems
afford locally. The extent to which local COTS
implementations enable global agility and reduce technical
debt depends on the local sites’ abilities to manage their
technical debt (Ramasubbu & Kemerer, 2016). Successfully
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managing such debt requires adopting systematic global
approaches and processes (Ramasubbu & Kemerer, 2019).
Regrettably, debt often rises in an unconstrained and hidden
manner because most organizations are weakly prepared to
manage it both locally and globally. This was the case at
EngineShop, where few conscious efforts were made to
manage technical debt over the years of the study.

Escalating technical inertia due to the innocuous-seeming
accumulation of technical debt is likely to trap the local site
in a Catch-22 situation. Though the site can, in principle,
resolve its technical debt by removing the remaining
components of legacy systems, the accrued debt resulting
from ongoing COTS-system customization and the legacy
components’ entrenched nature renders the legacy systems
technically and socially inert. Their decommissioning turns
into a dauntingly complex task and a leap of faith. The
constant accumulation of technical debt increases technical
inertia such that the “temporary” architectural solutions
integrating the COTS solution with the legacy components
become permanent. This can be represented as a negative
balancing loop, here labeled the technical-discontinuance-
inertia loop (B3). The loop counteracts the positive effect of
the local-debt-elimination loop (R3) and reduces the local
site’s ability to settle its technical debt. We thus posit the
following:

Proposition 4: Accumulating technical debt reduces a local
site’s likelihood of discontinuing its legacy systems. By
corollary, this reduces the site’s predisposition toward
reducing its accumulated technical debt.

In sum, the SD model (Figure 4) addresses our first research
question. It synthesizes how social inertia, technical inertia
(expressed as technical debt), and digital options interact
dynamically when firms replace legacy systems with COTS
systems in a global, multi-site setting. The relationships
between the components can produce alternative outcomes
(sociotechnical equilibria), depending on the choices made
during implementation and the level and variation of each
factor (technical/social inertia) during the process. With
regard to the second research question—i.e., how and under
what conditions does the state of being “caught between”
emerge and stabilize during this process—the model and the
propositions identify two critical pathways, which increase
the likelihood of a legacy system replacement process to
result in a prolonged caught-between situation. The
likelihood increases significantly when the local site accrues
technical debt by (1) customizing the COTS system to fit it
into the (sociotechnical) legacy environment (task,
technology, structure, people), and/or (2) leaving its legacy
system or parts thereof in place (temporarily or indefinitely)
while implementing the COTS system. These choices are
more likely in the presence of strong social inertia (against
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COTS logic and/or legacy system discontinuance created by
deep entrenchment), high local system-development
competence, and a low (or nonexisting) capability to manage
technical debt. Alternatively, if an organization replaces the
legacy system with a vanilla COTS system (void or with
minimal customization) following a “big-bang” approach
(full replacement at once), the likelihood of getting “caught
between” is lower. However, the choice comes with different
risk profile in that it increases the technical risks of poorly
functioning systems and heightened social inertia and thus
demands management attention.

Discussion and Conclusion I

Theoretical Contributions

Our findings contribute to research at the intersection of
legacy system discontinuance and COTS systems’
implementation. We are among the first to break apart the
dynamic interactions between technical inertia, social
inertia, and digital options during the replacement process
that follows COTS system implementation. Moreover, the
study contributes to a dynamic account of local and global
drivers of technical debt and digital options by integrating
their interactions into a multilevel sociotechnical framework
(Figure 4). Finally, the results offer new insights into the IT
governance literature’s debates around the benefits of
centralization vs. decentralization.

First, our findings extend the work on legacy system
discontinuance (Mehrizi et al., 2019, 2022), which has
suggested that, in addition to deploying “ceasing
mechanisms” that discredit and deroutinize legacy systems,
organizations must develop mechanisms that “intensify” the
legacy system’s use so that the old and the new system can
jointly support the business for some time and guarantee
smooth migration of data and functions to the new system.
However, our findings highlight a dark side to such
intensification: leaving portions of the legacy system in
place by relegitimizing them encourages technical debt. If
this debt is not settled, the organization may innocently
pursue self-reinforcing mechanisms in a vicious circle,
which makes the legacy system increasingly “sticky” and
impenetrable. Quantitative discontinuance studies have
identified the salience of such technical inertia influencing
managers’ discontinuance decisions (Furneaux & Wade,
2011, 2017). Our process analysis expands on this insight by
revealing the sources and dynamics of these inertial factors,
contributing to the emerging understanding of IS
discontinuance as part of the system replacement process
(Soliman & Rinta-Kahila, 2020).
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Second, our study pinpoints some prominent questions for
COTS implementation scholarship  (Davenport, 1998).
Whether to impose a vanilla system or, instead, customize it for
local needs in a multi-site, multilevel context remains one of the
key questions in this domain. While we cannot offer a definitive
answer, the benefit of hindsight suggests that implementation
decisions aimed at reducing social inertia contribute to technical
debt to such an extent that a socially risky vanilla
implementation may turn out to be a better alternative in the
long term. We expect this to be the case when the social and
technical implementation risks can be anticipated and managed
properly and when adequate resources are available to push the
vanillaimplementation to completion. Notorious cases of failed
vanilla COTS implementations (e.g., Hershey and Whirlpool;
see Turban et al., 2008) reveal a pattern of decisive short-term
damage in which both social and technical risks materialize. But
they also point to significant mismanagement of such risks
before and during the process. In contrast, our study heeds the
need to balance short-term implementation risks with the often-
overlooked long-term risk of accruing technical debt. Focusing
on mitigating short-term social inertia only may increase long-
term technical inertia, thereby ultimately hampering the
realization of COTS systems’ digital options.

Third, the proposed SD model is novel in that it applies dynamic
digital-option/debt-ratio analysis (Woodard et al., 2013) to
legacy system replacement in a multilevel sociotechnical
setting. The analysis expands upon nascent sociotechnical
explanations of the origins of debt/option ratio dynamics found
in IS literature (Rolland et al., 2018; Rolland & Lyytinen, 2021)
by recognizing the mutual dependencies of technical and social
inertia and how they shape these ratios at the local and global
level. The results shed light on critical trade-offs that managers
face in wrestling with such ratios: if global directors impose
strict demands that back local sites into one approach (e.g., by
mandating a vanilla system and dictating that productivity not
decline), the implementation is likely to have unintended, ironic
outcomes that solidify into an “in-between” state precluding
realization of digital options. Those analyzing how digital
options are created and realized with COTS systems are advised
to recognize the multilevel dynamics that emerge from the
presence of multiple, heterogeneous operation logics across
levels. This highlights the criticality of legacy system
discontinuance: it is an important but often overlooked element
driving the accumulation of technical debt.

Finally, our study provides novel contributions to IT
governance literature. Several approaches have been proposed
for federated, multisite organizations in terms of distributing
decision authority over IT activities between local and central
authorities (Sambamurthy & Zmud, 1999; Weill & Ross, 2005).
Decentralized governance modes where local units are allowed
to run customized IT infrastructures tend to accrue technical
debt from the global governance perspective. Therefore,

shifting to central governance in systems and architectures can
be expected to reduce technical debt. However, such transitions
bear a risk of growing social inertia in local system
implementation, which can result in a further accumulation of
local technical debt. In a federal governance mode, like that of
EngineGroup, matrix-based reporting seeks to find a balance
between local and global IT authority. But the federal solution
also increases complexity that can overwhelm managers and
limit their decision-making effectiveness (Weill & Ross 2005,
p. 33), preventing the resolution of technical debt both locally
and globally.

Management Implications

From a managerial angle, EngineShop’s case sheds light on
dilemmas that managers encounter when tackling complex,
long-term decisions around sociotechnical change. The
propositions stemming from our model can help managers
understand the trade-offs they face during legacy system
replacement. These highlight the importance of managing
system architectures in conjunction with tackling social inertia.
The business case for legacy system replacement needs to
address the social dimension of change and its inherent
connection to accumulating technical debt. Managers must be
aware of the constraints that the incumbent business model
embodied by a legacy system imposes (Holland et al., 1999).
They need to decide how much, if at all, the current operation
logic should dictate the new implementation’s scope and goals.
Also, managers must respect the strong hidden path
dependencies that grow from seemingly innocuous choices
during COTS implementation. Our SD model should help
managers balance trade-offs between such short- and long-term
risks by exposing early implementation decisions’ inevitable
path-creating consequences at the global level (e.g., for the
availability of digital options) and the local level (accrual of
technical debt). By illuminating these dynamics, the SD model
provides a sensemaking framework for analyzing potential
long-term implications of implementation choices and building
business cases that can help resolve technical debt.

As noted above, our analysis does not suggest that heavy-
handed process reengineering around a common COTS system
is always the best course of action. The answer depends on
surrounding conditions (Davenport, 1998). The choice should
be made with conscious anticipation, rather than a reactive
response to chaotic implementation dynamics. Our model
invites managers to look beyond the seeming comfort of
sticking with legacy systems and to examine them critically,
extending their analysis horizon to the broader sociotechnical
system and related strategic objectives. This does necessitate an
unpleasant balancing act between the needs of the local sites and
the needs stemming from the organization’s global strategic
thrusts and how they are linked to short- and long-term risks.
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Concluding Remarks

We acknowledge several limitations. Most events chronicled
were historical and captured via informants’ retrospective
accounts. Informants may not have recalled all events shaping
the process and its outcomes, and some might exhibit personal
biases in their recall of the events and in interpreting them. We
invested significant effort in offsetting such source bias (Huber
& Power, 1985; Klein & Myers, 1999), sampling all relevant
stakeholder groups (which offered diverse perspectives) and
triangulating the events identified against archival documents.
Still, tracing a complex replacement process in real time could
have painted a more faithful picture of the change. Also, the
complex matrix structure of the EngineGroup organization and
the system architecture at EngineShop made distinguishing and
interpreting some interactions between project events and
contextual factors challenging; therefore, our process analysis
may have missed some salient considerations. To guarantee a
sound understanding of the environment, we consulted the
site’s managers and other personnel multiple times.

We further note that in federated organizations, globally
imposed implementation policies will inevitably be influenced
by global social inertia stemming from cognitive bias and
political dynamics. Global decision makers, who are detached
from different local implementation contexts, may hold myopic
views of what the global system solution can provide
strategically and what such implementation would entail
(Avison et al., 2006). Moreover, local sites have varying
degrees of political power, and each will seek to influence
global decision-making to advance their own interests (Berente
et al., 2019; Markus, 1983). Such global social factors are not
addressed in our model because the case study drew on a data
corpus collected mostly on a single local site. Future research
could increase the generalizability and comprehensiveness of
the model and propositions via a multicase design that
encompasses more data at the global level.

Also, the study’s temporal scope was limited to the time span
explicitly covered by the dataset. We cannot be sure that the
accumulation of technical debt observed will have negative
impacts on the organization later. EngineShop may have gained
a competitive edge offsetting the future costs of having to
manage the debt, and it might resort to recent technical solutions
such as microservice architectures (Bozan et al., 2021) to help
resolve the challenges related to the accrued debt. The extent to
which the organization can and will exploit such opportunities
requires further analysis in the future. Further, due to our focus
on a single site, we had limited access to the IT governance
processes that bind both global managers and local-level
stakeholders at various sites. The challenge of improving
multilevel IT governance processes to optimize the options-
debt ratio remains an important future research area.
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Several additional research opportunities arise from the study.
Further study could offer a finer-grained longitudinal
treatment of the accumulation of various types of technical
debt. It should delve deeply into reciprocal interactions—how
individual debt types affect each other, the availability of
digital options, and architectural choices. Since economic and
operational risks render legacy systems notoriously hard to
replace, our study is among the first to recognize the full
gamut of sociotechnical challenges that accompany
replacement through treating it as a multilevel, multi-site, and
path-dependent process involving both technical and social
change with their associated inertia. As organizational
systems grow larger and the range of digital assets shaping
business solutions widens, such difficulties of replacement are
likely to grow still more complex and challenging, calling for
increased research into this overlooked yet important topic.
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Appendix A

The PSIC Analyses on the Implementations I

Figures Al and A2 depict the Teamcenter and SAP system’s implementation, respectively, as narrated in the “Findings” section. The two
uppermost levels feature events within the environment and the wider organizational context, such as decisions made by EngineGroup’s
global management. The next row presents local events related to the project, and the rows below depict the implementation in terms of
sociotechnical building-system (B) and work-system (W) balances, respectively. The two-way arrows between sociotechnical components
(A, T, S, and Te) denote their interrelationships, with those between components with a white background indicating a balanced relationship
whereas dotted arrows connecting gray-colored components indicate gaps. For instance, a technology-task gap arose in the work system
when an incumbent information system was found incapable of supporting employees’ work tasks (W7 in both figures). Unidirectional arrows
between sociotechnical systems indicate critical events, such as the legacy system’s inadequate digital options triggering the system-
replacement project (W1—B1). Bidirectional arrows between work systems and building systems indicate interaction between the systems—
e.g., the legacy work system’s complex structure rendering the building-system structure inadequate for the implementation task (B2«<—W2
in Figure Al). The last row lists the design moves identified, with their implications for architectural debt and digital options. Bracketing
along the horizontal axis shows the temporal progression of events across the episodes.
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Appendix B

The System-Dynamics Model’s Constructs and Relationships I

Tables B1-B3 explain the key constructs and their relationships in the proposed system-dynamics (SD) model (Figure 4).

Table B1. A Summary of the SD Model’s Constructs and Relationships for Loops R1 and R2

Causal Description Response Dynamic relationship
construct construct
Market dynamism | The rate of change in the New business Changing dynamics of market demand and competition
organization's competitive opportunities create opportunities to do business in a novel manner or in
environment (globalization, new areas (Baker & Singh, 2019; Sambamurthy et al.,
disruptive competitors, etc.) 2003).
Technology Emergence and availability of Global digital Technology advancement in the environment produces
advancement new technologies options new digital options, manifested in new IS solutions
(Sambamurthy et al., 2003). In increasingly globalized
business environments, these include global coordination
options afforded by commercial technologies that are
standardized and scalable.
Global digital A set of IT-enabled capabilities | Agility A global organization may achieve agility by exploiting
options in the form of digitized enterprise digital options that provide new capabilities (Overby et al.,
work processes and knowledge 2006; Sambamurthy et al., 2003).
systems accessible to a global
organization’s management
Agility The organization's ability to New business Agility enables pursuing new business opportunities since
change rapidly or adapt in opportunities the organization can better respond to environmental
response to changes in its changes and harness the consequent opportunities
environment (Sambamurthy et al., 2003).
New business The opportunity to initiate Technical Seizing new business opportunities often reveals a need
opportunities competitive actions in a novel COTS-system for new systems that produce additional value for the new
manner or in new areas implementation business area/model, thereby increasing pressure to
implement new systems at local sites.
Technical The degree of implementing Local digital IT is a “digital options generator” (Overby et al., 2006;
COTS-system COTS systems at a local site options Rolland et al., 2018; Sambamurthy et al., 2003):
implementation implementing new systems produces new digital options
for the local site, such as the ability to collaborate with
another site.
Local digital A set of IT-enabled capabilities | Global digital Complex configurations and combinations of digital options
options in the form of digitized enterprise | options at different local sites create options that are accessible
work processes and knowledge only at the global level (e.g., coordination options).
systems accessible at a global
organization’s local site
Technical The degree of implementing Global technical | A globally operating organization can reduce its IT
COTS-system COTS systems at a local site debt maintenance obligations by deploying identical COTS
implementation systems at its different sites. Such harmonization of global

IT governance can help to increase organizational agility.

Global technical
debt

The global IT management’s IT
maintenance or governance
obligations caused by non-
harmonious global IT
architecture—i.e., maintaining
unigue/non-standard IT systems
at local sites

Agility

Global-level technical debt (especially architectural debt
due to unique local systems) hinders the global
organization’s agility as the debt renders implementing
organization-wide IT changes increasingly difficult.
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Table B2. A Summary of the SD Model’s Constructs and Relationships for Loops R3 and R4

Causal Description Response Dynamic relationship
construct construct
Technical The degree of Discontinuance of | Implementing a COTS replacement system typically

COTS-system
implementation

implementing COTS
systems at the local sites

legacy systems

involves (or is intended to involve) the discontinuance
of an incumbent legacy system (Furneaux & Wade,
2011; Mehrizi et al., 2019).

Discontinuance
of legacy
systems

The extent to which the
organization
decommissions its
incumbent legacy systems

Local technical debt

Discontinuance of legacy systems gives the
organization an opportunity to settle the technical debt
embedded in those systems.

Local technical
debt

Local site’s IT
maintenance obligations
that will need addressing
in the future, caused by
sub-optimal shortcuts in
system design or
implementation

Global technical
debt

Technical debt manifested at various local sites builds
up into debt that hinders IT governance at the global
level of an organization. This is a bottom-up process by
which complex configurations of various debt types at
different sites create technical rigidity globally.

Customization of
COTS systems

Technical configuration,
extension, or modification
of a COTS system that
causes it to deviate from
its standard form, function,

or structure

Local digital options

Customization of COTS systems unlocks new functions
that are not available in the standard COTS system,
potentially providing competitive advantage (Davenport
1998).

Table B3. A Su

mmary of the SD Model’s Constructs and Relationships for Loops B1, B2, and B3

Causal Description Response Dynamic relationship
construct construct
Technical The degree of implementing | Manifestation of | Implementing COTS systems in local legacy

COTS-system
implementation

COTS systems at the local
sites

social inertia

environments shakes the social system out of its static
state and stimulates some social changes, and the
social system responds to this disruption by exhibiting
social inertia—resisting change (Besson & Rowe,
2012).

Manifestation of
social inertia

Resistance by the
organization's social
components (people,
processes, and hierarchies) to
the change introduced

Customization of
COTS systems

Social inertia incentivizes managers to customize the
new technology to match the incumbent social system,
S0 as to avoid resistance and let business operations
proceed with minimal disruption (Arvidsson et al., 2014;
Luo & Strong, 2004).

System-develop-
ment
competence

The technical competence
and expertise available for
software-system development
and maintenance

Customization of
COTS systems

Locally available competence for developing and
modifying software systems creates favorable
conditions for customizing COTS systems.

Customization of
COTS systems

Technical configuration,
extension, or modification of a
COTS system that causes it
to deviate from its standard
form, function, or structure

Local technical
debt

Customizing COTS systems plants technical debt
locally, because it strays from standard functionality,
increases complexity, and renders changing the IT
infrastructure more laborious and difficult over time; this
often involves increasing architectural debt via
unsystematic and latent dependencies, which then
tends to result in increases in other types of debt (code
debt, people debt, documentation debt, etc.) (Luo &
Strong, 2004; Rolland et al., 2018).
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Discontinuance
of legacy
systems

The extent to which the
organization decommissions
its incumbent legacy systems

Manifestation of
social inertia

Removing legacy systems that are deeply embedded in
their organization shakes the social system out of its
static state and stimulates some social changes, and
the social system responds to this disruption by
exhibiting social inertia—resisting change (Besson &
Rowe, 2012).

Manifestation of
social inertia

Resistance by the
organization's social
components (people,
processes, and hierarchies) to
the change introduced

Discontinuance
of legacy
systems

If the change stimulates strong enough social inertia, it
will stall, hamper, or prevent the full removal of legacy
systems.

Local technical
debt

Local site’s IT maintenance
obligations that will need
addressing in the future,
caused by sub-optimal
shortcuts in system design or
implementation

Discontinuance
of legacy
systems

Accumulating technical debt makes complex and
dramatic technical changes increasingly difficult,
thereby inhibiting the discontinuation of legacy
systems.
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