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ABSTRACT
Digital transformation is demanding for incumbent organizations such as healthcare, where 
legacy-based IT architectures challenge the establishment of effective digital services. We refer 
to this as the IT silo problem, where multiple non-consolidated IT systems are implemented to 
support expert practices. In this paper, we analyze this challenge using a mirroring lens. Our 
research question is, how can we create efficient digital services, utilizing the existing legacy 
systems in healthcare IT architectures? Our empirical evidence comes from a Norwegian case and 
contributes to the literature on IT architecture within Healthcare. First, we demonstrate how strict 
mirroring leading to sub-optimization and silofication is a major cause for the presence of IT silos. 
Second, we describe a process towards adaptive mirroring, and the resulting adaptive mirroring 
architecture. Adaptive mirroring is an architectural combinatory device that facilitates the design 
and use of efficient services, while also improving the flexibility of IT architectures.
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1. Introduction

In this paper, we investigate how incumbent organisa
tions with multiple legacy systems can improve their 
efficiency by reconfiguring the IT architecture. By IT 
Architecture we refer to “the structure and organiza
tion by which modern system components and sub
systems interact to form systems, and the properties of 
systems that can best be designed and analyzed at the 
system level”. (Kruchten et al., 2006). In particular, we 
investigate a certain problem within healthcare, which 
is the presence of IT silos. IT silos can be understood 
as the “combination of large, diverse, unintegrated and 
frequently aging system” (Bannister, 2001, p. 66). 
Inspired by Bannister (2001, p. 66) we see IT silos as 
“the legacy of decades of introspective development”. 
IT silos are a known problem in incumbent firms 
(Ross et al., 2019) not least within healthcare (Cebul 
et al., 2008). What causes this problem?

Healthcare organisations can be seen as profes
sional bureaucracies (Mintzberg, 1993) consisting of 
multiple specialised practices such as neurology, 
pathology, oncology, heart surgery, and so on. The 
experts need to be innovative, and innovation is best 
cultivated by allowing decentralised freedom. But 
innovation based on local and particular needs creates 
fragmentation (Cebul et al., 2008). Thus, while decen
tralised liberty to innovate and perform complex 
knowledge processes is an advantage of healthcare 
organisations, the drawback is the lack of alignment 
between each group of experts and the health institu
tions (Lawrence & Lorsch, 1967). The downside of the 
misalignment is inefficient patient logistics when 

patients move between health institutions. 
Healthcare IT architectures have emerged on the 
base of this decentralised logic and are thus charac
terised by a high degree of diversity but a low degree of 
integration between institutions (Lawrence & Lorsch,  
1967). Healthcare IT architectures consist of separate 
software applications – IT systems – which are diffi
cult to integrate (Bygstad et al., 2015). Disconnected 
IT systems dominated by different expert knowledge 
standards, reduce the speed and effectiveness of the 
performance of the system as a whole (Gleiss & 
Lewandowski, 2021). It also challenges patient security 
and efficient treatment (Feldman, 2020).

The tight coupling between clinical practice and IT 
systems is, thus, considered the main practical cause of 
the IT silo problem. But the causes for the silo problem 
are to a lesser extent understood theoretically.

IT silos challenge the fundamental task of coordi
nation within the system as a whole (Castaneda et al.,  
2015; Cebul et al., 2008; Miller & Tucker, 2014). 
However, these IT systems are professional legacies 
that have gradually grown over time in tandem with 
new expert practices and knowledge. Their legacy is 
crucial for the institution (Hanseth & Lyytinen, 2010). 
This also means that the digital legacy must be treated 
with care during transformation processes.

Although the IT silo problem is a logical conse
quence of expert organisations, it creates difficulties 
that we need to solve.

Earlier literature has framed this as a strategic pro
blem (Mettler et al., 2014) that can be solved by large 
integrated enterprise architectures or monoliths, that 
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introduce manageable and holistic architectures 
(Bradley et al., 2012). Others have emphasised the 
need for a bottom-up approach where clinicians’ free
dom must be in the front seat (Aanestad & Grisot,  
2017).

We frame the challenge of tight coupling between 
expert work and IT systems as mirroring (Colfer & 
Baldwin, 2016). Previous literature has been more 
occupied with either the system perspective or the 
user perspective. Using the Mirroring lens enables us 
to focus on IT architecture challenges from a service 
perspective in the relationship between the user and 
the system, and provides a basis for discussing how the 
relationship can become more adaptive (Lusch & 
Nambisan, 2015).

The mirroring hypothesis suggests “that the formal 
structure of an organization will (or should) ‘mirror’ 
the design of the underlying technical system” (Colfer 
& Baldwin, 2016). We frame this as strict mirroring 
(Colfer & Baldwin, 2016). While earlier work has 
emphasised the importance of strict mirroring 
between the organisation and IT architecture 
(Henderson & Clark, 1990), we are occupied by how 
the drawbacks can be reduced. Based on these inter
ests, our research question is, how can we create effi
cient digital services, utilizing the existing legacy 
systems in healthcare IT Architectures?

To address this question we investigated a case 
from Norway, a Nordic country where healthcare is 
governed by the state. These health systems are 
increasingly relevant also for a global audience 
since EPIC – the large American provider of health 
care, with a different system logic – is being imple
mented in Denmark, Finland, and Norway 
(Hertzum et al., 2022).

We analyse the case using the mirroring hypotheses 
and introduce the concept of adaptive mirroring. 
Adaptive mirroring is generally an architectural prin
ciple to facilitate efficient information flow from sev
eral sources to the target system. Adaptivity is salient 
in improving information flow within healthcare 
(Poba-Nzaou et al., 2021). In our framing, adaptive 
mirroring is an architectural combinatory device that 
facilitates the design and use of efficient services. To 
enable adaptive mirroring, the siloed architecture 
needs to be reconfigured and modularised. We pro
ceed by outlining a couple of existing solutions that 
engage with the IT silo problem. Both have in our view 
some shortcomings.

2. The problem of siloed IT architecture in 
healthcare

The hospital sector is one of the most complex institu
tions in our society but is also a sector urgently in need 
of transformation in the years to come. Increasing life 

expectancy and public expectations accelerate the 
need for the development of new digital services 
(Kelly & Young, 2017; van Lent et al., 2012). Efficient 
digital services and improved patient logistics are fun
damental to achieving a more effective healthcare sys
tem (Hertzum & Simonsen, 2013; Piening, 2011; van 
Lent et al., 2012). The health sector is, however, also 
dominated by risk-averse non-innovative culture 
(Kelly & Young, 2017; van Lent et al., 2012).

The main barrier to enabling transformation within 
healthcare is siloed IT architectures (Bradley et al., 2012; 
Gleiss & Lewandowski, 2021). Siloed IT architectures 
emerge because healthcare organisations are profes
sional bureaucracies (Mintzberg, 1993) consisting of 
multiple specialised practices. Physicians must solve 
complex tasks, and specialisation is a way of enabling 
this (Bygstad & Hanseth, 2018). However, specialised 
organisations have great difficulties obtaining efficient 
coordination within and between hospital units (Cebul 
et al., 2008; Miller & Tucker, 2014; Øvrelid & 
Halvorsen, 2018). Particularly since expertise-related 
tasks are mirrored in the IT systems. Cebul et al. 
(Cebul et al., 2008) observe that “hospitals have 
a fragmented structure because of the special role 
played by physicians. Physicians are central to resource 
allocation and care processes in the hospital, yet they are 
typically independent of hospital management”.

Siloed IT architectures are configured to optimise 
local needs and have a low degree of integration 
(Lawrence & Lorsch, 1967). This is very ineffective 
when the goal is to facilitate digital services across 
diverse local settings.

There are two fundamental ways to address ineffi
ciencies caused by a lack of integration within the 
literature on healthcare IT architecture. One is concen
trated on allowing bottom-up innovation based on the 
needs of the local communities. This stream of litera
ture emphasises cultivation and gradual growth strate
gies and suggests gateways to bridge the system 
modules (Grisot et al., 2014; Hanseth & Lyytinen,  
2010). This literature is often based on cases from the 
Nordic countries, with public sector healthcare 
(Hertzum et al., 2022). The other sees large integrated 
enterprise architectures or monoliths, as the solution to 
create manageable and holistic architectures (Bradley 
et al., 2012; Guillemette et al., 2022; Mettler et al., 2014).

These approaches have clear strengths. One aligns 
with expertise practices and the clinical perspective 
but ignores the management needs (Bygstad et al.,  
2015). The other is concerned with top-down manage
rial control (Bradley et al., 2012). The drawback is, 
however, that centralisation may increase the bureau
cratic burden, and reduce the pace of innovation at the 
local level.

These perspectives could also be combined with 
a platformization strategy (Bygstad & Hanseth,  
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2018), that introduces a combination of decentralised 
innovation and centralised alignment (Ross et al.,  
2019). Since platformization brings with it 
a completely different way of thinking and requires 
a radical restructuring of, not only the IT architecture 
but also the way the actors interact, this is very chal
lenging within healthcare (Bygstad & Hanseth, 2018).

By splitting up the existing architecture and align
ing local and global requirements, a less dramatic 
innovation effort can be obtained (Bygstad & 
Øvrelid, 2020). We proceed with this ambition by 
using the mirroring hypotheses. We develop adaptive 
mirroring as a capability to align local and global 
needs in healthcare IT architectures.

3. The mirroring hypotheses

The mirroring hypothesis observes that there is 
a structural correspondence between the IT architec
ture of a product or a system and the way labour is 
organised in the organisation (Colfer & Baldwin,  
2016). A consequence of this is that each part of the 
organisation has corresponding IT systems. Previous 
mirroring literature (Colfer & Baldwin, 2016; Hylving 
& Schultze, 2020) categorises different degrees of mir
roring into, strict mirroring, partial mirroring, and 
mirror-breaking. We add to this by developing adap
tive mirroring as a combinatory capability.

Strict mirroring emphasises that the organisation 
and its IT architecture “mirror its own organization 
but not that of its industry”, and that “technical depen
dencies [are] correlated with communication lin
kages” (Colfer & Baldwin, 2016, p. 720). This 
condition is optimal when the institutional surround
ings and the IT portfolio is relatively stable and the 
complexity is manageable. Strict mirroring is typical 
for organisations that operate in specific markets and 
knowledge organisations within the public sector like 
healthcare (Cebul et al., 2008; Miller & Tucker, 2014).

IT systems that support specialised expertise are 
important characteristics of knowledge organisa
tions, but introduce challenges in two main areas. 
First, IT silos make communication linkages ineffi
cient (Cebul et al., 2008). Secondly, IT silos are 
difficult to manage and change (Bygstad et al.,  
2015). A negative consequence of strict mirroring 
is that “firms focused on the current technical archi
tecture may fall victim to architectural innovations 
arising outside their boundaries” (Colfer & Baldwin,  
2016, p. 710). Thus, strict mirroring complicates the 
process of exploring new requirements and solu
tions (Colfer & Baldwin, 2016). This is termed “the 
mirroring trap”. As the pace of technological change 
increases and systems become more complex, orga
nisations must also broaden their perspective and 
explore electronic markets.

Partial mirroring implies that firms engage and 
invest in knowledge and IT beyond their boundaries. 
This implies that the coupling between practices and 
the IT structure is looser. Partial mirroring is crucial 
for organisations that operate in dynamic markets but 
also for institutions where the citizen uses integrated 
services. Partial mirroring requires a more modu
larised and integrated IT architecture that enables 
communication across expert domains (Colfer & 
Baldwin, 2016) through modular interfaces 
(Ghazawneh & Henfridsson, 2013). In such cases, 
organisations can gradually reach a more service- 
oriented architecture (Erl, 2005).

We introduce adaptive mirroring as a specific 
form of partial mirroring. Adaptive mirroring 
emphasises the controlled management of informa
tion derived from multiple loosely coupled modules 
(Combs & Vagle, 2002; Gavrilovska et al., 2001). 
Specifically, adaptive mirroring enables the target 
system to adapt its behaviour according to the sys
tem and application needs of different types of 
actors. Adaptive mirroring, thus, facilitates 
a balance between variety at the local level and 
integration to strengthen centralised control (Yoo 
et al., 2010). This implies that adaptive mirroring is 
a capability to reduce silos and facilitate cross- 
coordination and management (Cebul et al., 2008). 
We see adaptive mirroring as a candidate to solve 
the challenges introduced by siloed architectures in 
large incumbent organisations.

While incumbent organisations in both the private 
and public sectors struggle with the transition from 
strict mirroring to partial mirroring, born-digital 
firms are often digital in their basic structure. 
Platforms have often a three-layer organisation that 
facilitates tight collaboration between third parties and 
the platform owner. These new ecosystems (Parker 
et al., 2016; Tiwana, 2013) is fundamentally extrovert; 
the whole point is to operate in multisided markets. 
Colfer and Baldwin frame this as mirror-breaking. 
Large digital platforms transform our societies and 
challenge the classic view of organisational configura
tions (Mintzberg, 1993). This is very challenging 
within healthcare (Bygstad & Hanseth, 2018).

In summary, we use the mirroring lens to identify 
challenges introduced by siloed IT architecture and 
identify adaptive mirroring as a conceptual device to 
align local and global requirements. We proceed by 
describing our method before we demonstrate the 
potential contributed enabled by the mirroring lens.

4. Method

This is an in-depth, multilevel qualitative case study 
(Greenhalgh et al., 2010) used to investigate the causes 
and consequences of the IT silo problem within 
healthcare. We studied a large-scale reform of the 
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Norwegian health system where the government 
transferred the ownership of the hospitals from 19 
counties to the government. We investigated the 
impact of the transformation on the IT silo problem 
at the national, regional, and local levels.

4.1. Data collection

We have engaged for more than 10 years with digita
lisation efforts within healthcare in Norway. We have 
as researchers operated on multiple levels. We have 
interviewed regional and local CEOs and IT managers. 
We have also interviewed project managers and ward 
managers, as well as more than 10 doctors and nurses. 
We have also performed many observations within 
local hospitals such as the hospital at Kalnes.

In framing our case, we use the national reform as 
a point of departure for an in-depth investigation into 
a particular region (Health South East – HSE) and 
a particular hospital within that region (Kalnes). The 
regional and the local level may have different require
ments regarding IT architecture, and different ways of 
addressing the IT silo problem. While the regional 
requirements address standardisation and integration 
to improve cross-hospital digital interaction, the local 
level is occupied with an IT architecture that facilitates 
innovation through configurable user services. We 
collected data through 60 semi-structured interviews 
with managers, strategists, entrepreneurs, project 
managers, developers, and clinicians, and were active 
in observing clinicians in action for more than 100 hrs. 
We also participated in more than 20 seminars and 
workshops. We had access to a rich library of docu
ments, policies, and drafts. These documents con
tained organisational plans for IT innovations, 
including the IT architecture needed to reach the 
ambitions. In all, more than 1000 pages of written 
material from various sources were analysed

4.2. Data analysis

Inspired by abduction (Sætre & Van de Ven, 2021), we 
analysed our data in 4 steps (See Table 1 below, and 
Appendix 1 for details). First, we did longitudinal 
analyses of national and regional e-health projects 
from 2002 to 2019. Our point of departure was the 
national reform in 2002, and we identified a local 
innovation project where a new IT architecture was 
established to reduce the IT silo problem. Then we 
analysed each level in detail to investigate how 
a relationship between the organisational unit and 
the IT architecture was established, and how this rela
tionship changed during the project. We were occu
pied with how the IT architecture balanced local 
freedom and central control. In particular, we studied 
how the IT architecture facilitated the development 
and configuration of efficient user services for the 

clinical personnel at the local level, while still main
taining information consistency and security at the 
regional level. We saw that there was a tendency at 
the local level to optimise local factors at the expense 
of global requirements. We also saw that the counter- 
strategy to reduce the shortcomings of the local 
approach often led to centralised and distanced man
agement. This reduced the freedom to create innova
tions and new efficient services at the local level. We 
then used the mirroring lens to identify the conse
quences of these challenges in the IT architecture at 
the three levels. In particular, our longitudinal study at 
the local hospital Kalnes enabled us to identify and 
theorise a more adaptive IT architectural approach. In 
debating with existing literature, we framed this as 
Adaptive mirroring. We found that adaptive mirroring 
was central to describing the alignment between regio
nal and local requirements. Moreover, we found that 
this was a quite precise way of conceptualising a more 
flexible IT architecture. In the last step, we generalised 
our findings and found three particular challenges 
introduced by strict mirroring. Then we elaborated 
more in-depth on how an adaptive mirroring IT archi
tecture can be described, and how it solves the chal
lenges of strict mirroring.

5. Findings

In this multi-level case study, we demonstrate how the 
health reform (national level) (5.1) had implications at 
the regional (5.2) and local levels (5.3) and the mea
sures that were taken to address the reform strategies.

5.1. National level: reforming the Norwegian 
health sector

Norway is a sparsely populated (5.4 million) but quite 
large country (324 000 km2). Norway is widely known 
for its social-democratic welfare state. Equal 
Healthcare for all citizens is a core motivation for the 
shifting governments. This also means that Hospitals 
are geographically spread to be as close as possible to 
the citizen. Equal healthcare is quite expensive but 
digitalisation enables new ways of organising and 
managing the system, as well as new ways of handling 
patient treatment.

Until 2000, 19 counties were in charge of the 
administration of the hospitals. This secured the 
local anchoring of important decisions. There were 
also important drawbacks. Yearly the 19 counties 
met up to agree upon budgeting. The negotiations 
between the 19 counties tended to be lengthy, cumber
some, and characterised by local optimisation. This 
organisation implied significant use of resources com
bined with poor financial management, insufficient 
degree of competence development, a limited amount 
of research, unclear divisions of overall responsibility, 
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low level of goal management, as well as different 
management methods in each hospital (Herfindal,  
2004). Moreover, the treatment had severe qualitative 
differences, depending on where the patient lived, and 
the specialised practices were poorly coordinated. In 
2002, the government decided to transfer the respon
sibility of the hospitals from the 19 counties to the 
central government. They established five regional 
corporations.

Organisational change: The reform aimed to reduce 
challenges caused by local optimisation to ensure 
equity of access to health services for citizens in all 
parts of the country (Lægreid et al., 2005).

However, the reform was built on the existing gov
ernance structure of decentralised liberty granted to 
the practice environments and the local hospitals. The 
five health regions established boards and delegated 
ownership control to these boards. Thus, while the 
government took charge and established centralised 
ownership, the organisational logic of the previous 
system was maintained (Lægreid et al., 2005). At the 
same time, through its new role, the central govern
ment needed to secure overall coordination wherever 
this was necessary and appropriate ministerial respon
sibility. This implied strong vertical coordination and 
strong sector ministries that challenged the autonomy 
of the health enterprise (Lægreid et al., 2005).

Architectural change: The regions used extensive 
resources to implement electronic patient records 
(EPR) at each hospital. EPRs are crucial in creating 
more efficient patient care, lowering costs, and stan
dardising information flow. Each hospital had exten
sive liberty to address its particular challenges. As each 
region and every hospital had its IT budget an abun
dant flora of IT systems was developed, without cen
trally governed strategies (Ellingsen & Monteiro,  
2003). The reform, thus, had no IT strategy. The 
visionary strategy policies written during this period 
expressed the need to use the Internet and the newly 
established “Helsenettet” (health network) to create 
standardised messages and coordination between sys
tems and devices. A visionary document stated:

A basic principle for a national health network is that 
one access point, a platform, should be able to support 
a wide and integrated range of services for electronic 
interaction, both email, mediation exchange, teleme
dicine and access to the Internet                           

(Sosial og helsedepartementet, 2000)

Strict Local Mirroring: While the Government quite 
intrusively reorganised the system, implemented five 
health regions, and transferred around 40 hospitals to 
these regions, the attempts to solve the challenges 
caused by the lack of digital interaction and disruptive 
information flow were much less intrusive. Apart from 
some visions on the use of the Internet and a large 
national supply chain (“Helsenettet”), the task of 

reducing the impact of siloed architecture at each 
hospital was left to the five regions.

The individual hospital maintained the liberty to 
build their system portfolios undisturbed by regional 
management. These non-standardised systems had 
often emerged bottom-up, created by local vendors 
or even clinicians. The systems were not aligned with 
the goal of digital interaction between health units. We 
conceptualise this as strict local mirroring, with non- 
integrated systems and siloed architectures. This con
dition has two severe drawbacks. The system is very 
difficult to change and very challenging to manage.

5.2. Regional level: from strict local to strict 
centralised mirroring in Health South-East

Health South-East (HSE) was the result of a merger 
between Health South and Health in 2007. HSE is 
quite large and serves 60% of the Norwegian 
population.

Organisational change: After the merging in 2007, 
HSE consisted of 11 Health Enterprises (HE) and over 
20 hospitals. Although the Ministry of Health and the 
corporate board managed HSE, each HE took the daily 
decisions. The pre-established autonomy regarding 
responsibility and medical treatment remained, while 
the interaction between HE and the political authori
ties was low (Rohde & Torvatn, 2017).

Architectural change: The IT strategy became the 
most important centralising factor in each region. 
Each region established an autonomous IT unit. In 
HSE, this IT strategy went through different phases 
(Øvrelid et al., 2017), but the common denominator 
was centralised management of the interaction 
between the hospitals and the regional IT unit. 
A crucial part of this strategic alignment was the 
centralised architecture created through a mega pro
gramme called Digital Renewal. The architecture fol
lowed the “best-of-breed” strategy using a BizTalk 
integration factory to integrate the systems. The fac
tory was extremely complex but facilitated the 
exchange of digital messages between hospitals within 
a Health Enterprise (but not between Health 
Enterprises).

Strict Centralised Mirroring: HSE established 
a central IT unit and an integration architecture to 
address some of the coordination challenges 
between hospitals. The integration engine was very 
complex with 275 physical integrations and more 
than 700 system interfaces. The integration architec
ture required standardised messages, and the region 
consolidated the most important EPR system, redu
cing the number of local configurations. The change 
in the organising logic from local variety to centra
lised integration meant that IT architects became 
important actors and that the central IT unit at 
HSE, Sykehuspartner, became an obligatory passage 
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point for changes in the clinical systems. The new 
communication linkages governed by the integration 
engine mirrored a tightly coupled organisation 
dominated by the central IT unit and IT architects. 
This strict centralised mirroring significantly reduced 
the local autonomy to such an amount that local 
innovation became very difficult. This led to protests 
from hospitals and clinicians that demanded 
a greater impact on the development of IT systems 
and architecture. The regional management estab
lished a new governance model to facilitate more 
local freedom. At the same time, there were also 
several innovation projects in HSE. One of these 
was Kalnes Hospital.

5.3. Local level: adaptive mirroring aligning 
regional and local requirements at Kalnes hospital

After several years of working with the centralised IT 
architecture, there were still fundamental challenges, 
exemplified in this quote from an internal strategy 
document.

With today’s ICT portfolio of applications and 
point-to-point integrations, Health South-East is 
unable to offer the necessary pace of change, sus
tainability, and scalability to adopt new and impor
tant functionality that supports the needs of the 
future. Information storage and end-user function
ality are often designed in the same product and 
without open APIs, which has led to IT silos and 
technological complexity.

The Kalnes innovation project solved some of these 
challenges. The hospital opened in November 2015, 
with both somatic and psychiatric services. Kalnes has 
4800 employees, and Kalnes is the first digital hospital 
in Norway (HIMSS level 6).

Organisational change: The new CIO established 
a management team, and several project groups with 
specific goals in mind: (i) to create a digital hospital, 
(ii) to facilitate a hospital where the patient is at the 
centre (patient’s health care), (iii) to make sure that 
the patient flow is based on well-designed processes 
supported by IT throughout the clinic. The manager 
for the project said:

I had been engaged with the relationship of process 
innovation and IT the past 15 years, both theoretically 
and practically, and I knew what I wanted to achieve: 
hospital processes should be well defined and sup
ported by information.

The management team started an innovation project 
with around 25 clinicians working on designing the 
clinical processes, and a separate group that worked 
with the process technology.

Architectural change: EPRs and other clinical sys
tems are primarily knowledge-oriented systems con
figured to optimise standardised clinical practices. 

These systems struggle to support efficient informa
tion sharing throughout the patient flow from admis
sion to discharge. Kalnes acquired a modern and 
efficient process system with more configurable user 
services from a global vendor. The process technology 
consisted of check-in screens, mobile devices, and 
electronic whiteboards. More efficient user services 
enabled clinical personnel to configure the informa
tion to fit with the process flow. The process-oriented 
system also enabled integration towards logistics and 
alarm systems in the physical infrastructure, and thus 
facilitated integrated control mechanisms. Since 
Kalnes was the only hospital that acquired this system, 
it needed to be integrated with the regional infrastruc
ture. The regional architectural “package” consisted of 
around 300 silo-applications, managed by the central 
IT unit. A new interface was created to align the “old” 
infrastructure and the new process system. This inte
gration led to a modular architecture that includes 
innovative process IT that facilitates patient flow pro
cesses through configurable user services (Bygstad & 
Øvrelid, 2020). A nurse said:

Imatis is very configurable, it lets us do many things 
other systems do not allow

Adoptive Mirroring: Kalnes enjoyed the work done by 
the centralised IT unit to consolidate and integrate 
systems. This laid the foundation for an improved 
information flow. Kalnes developed the initiative 
further extensively by introducing a process technol
ogy that facilitated coordination across IT silos. By 
reducing the impact of strictly mirrored systems, 
more efficient services could be created. In particular, 
the splitting between knowledge systems (EPR, Lab 
systems, etc.) and locally configurable process systems 
(Imatis) created an IT architecture that significantly 
reduced the IT-silo problem. We refer to these com
binatory capabilities as adaptive mirroring. Table 2 
summarises our findings and leads us to the discussion 
and contribution.

6. Discussion: from strict to adaptive 
mirroring

We acknowledge that digital transformation is very 
challenging for the healthcare sector. We do, however, 
also realise that increasing life expectancy and public 
expectations accelerate the need for the development 
of new digital services (Kelly & Young, 2017; van Lent 
et al., 2012). Digital services and patient logistics are 
fundamental to achieving a more effective healthcare 
system (Hertzum & Simonsen, 2013; Piening, 2011; 
van Lent et al., 2012).

Siloed IT architecture is a significant barrier to 
efficient information sharing within healthcare 
(Cebul et al., 2008; Gleiss & Lewandowski, 2021; 
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Miller & Tucker, 2014). IT silos lead to disconnected 
information flow, lack of quality in services to the 
workers and the citizens, and IT architectures that 
are very difficult to manage. Our research aims to 
improve the understanding of the IT Silo problems 
(Bygstad et al., 2015; Cebul et al., 2008; Miller & 
Tucker, 2014), and propose a possible solution.

6.1. Our research question was, how can we 
create efficient digital services, utilising the 
existing legacy systems in complex healthcare 
institutions?

We analysed the multilevel case using the mirroring 
hypotheses (Colfer & Baldwin, 2016), and provide 
two contributions regarding the IT silo problem. 
First, we identify and conceptualise strict mirroring 
as a central cause of the IT silo problem. This will 
be addressed in section 6.2. Second, we created 
a possible solution to the IT Silo problem in the 
healthcare context conceptualised as adaptive mir
roring. We proceed by discussing some implications 
of these contributions. Table 3 gives an overview 
and definitions.

6.2. Causes and consequences of IT silos

6.2.1. Strict local mirroring
Professional bureaucracies like healthcare institu
tions tend to mirror their organisational forms in 
the IT systems (Mintzberg, 1993). This tight cou
pling between expertise and IT challenges the 
emergent requirements of efficient digital interac
tion across organisations (Cebul et al., 2008). 
Important contributions within IS have emphasised 

the importance of mirroring since IT innovations 
should be closely adapted to practice innovations 
(Aanestad & Grisot, 2017; Grisot et al., 2014; 
Hanseth & Lyytinen, 2010).

A drawback of this form of organisation is sub- 
optimisation. Sub-optimisation concerns local opti
misation at the expense of overall system perfor
mance. Our case describes how the pre-reform 
autonomy was extended after the reform. This gave 
the hospitals excessive autonomy to configure their 
IT architecture according to the requirements of the 
local expertise needs. Although the result was locally 
anchored IT architectures, they did not facilitate effi
cient services between hospitals. The overall system 
goal of efficient digital services within the region was 
not met.

Sub-optimisation emerges since the local expertise 
is primarily focused on a limited part of the healthcare 
system and is spared from the responsibility granted to 
overall system performance. Sub-optimisation may 
cause siloification. When each expert area’s organising 
form mirrors their respective IT systems, the result is 
multiple systems that are poorly integrated or non- 
integrated (Cebul et al., 2008; Miller & Tucker, 2014). 
This is often referred to as tight coupling (Perrow,  
2011), which is understandable since standard proce
dures are an important part of expertise practice 
(Weick, 1976). The drawbacks caused by tight cou
pling lead to unmanageable IT architectures that are 
less configurable, and more difficult to change (Tilson 
et al., 2010).

6.2.2. Strict centralised mirroring
The national reform aimed to reduce the IT silo pro
blem. In our case, the reform established a more 

Table 1. Data analyses.
Step| Activity Outcome

1 Identification of important events in national and regional e-health projects Section 5.1- 5.2
2 In-depth analyses of an innovation project at a local hospital Section 5.3
3 Structure the narrative according to organizational and technological changes. Identify and describe mirroring empirically Section 5.1-5.3
4 Using the mirroring lens to derive and discuss general findings. Describe the process towards adaptive mirroring, as well as 

the adaptive mirroring architecture
Section 6

Table 2. Summary of the case and the action that changed the IT architecture.
Level Reorganization Relation between the organization and IT architecture

National Centralized organization, local IT architecture Strict local mirroring, no central management
Regional Centralized IT Architecture Strict centralized mirroring, limited local innovation
Local Combined IT architecture Adaptive mirroring

Table 3. Types of mirroring.
Mirroring type Caused by Consequences Outcome

Strict local 
mirroring

Sub optimization, 
Siloification

Tight relation between local organizational units and 
experts, and the IT architecture

Local homogenization but overall 
fragmentation

Strict centralized 
mirroring

Centralisation, Centralized 
integration

Tight relation between central organization and the 
IT architecture

Extensive distance between practice 
environments and headquarter/IT unit

Adaptive 
mirroring

Splitting up and 
modularizing the 
architecture

The separation between central and local modules Balances local configuration and centralized 
control
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centralised political control, but since there was no IT 
strategy, the hospitals continued as before. The weak
nesses caused by strict local mirroring remained 
unsolved. Regional authorities took charge and estab
lished a more centralised IT architecture based on 
principles from enterprise architecture (Bradley 
et al., 2012; Mettler et al., 2014). The IT silo problem 
was reduced through the “best-of-breed” strategy, 
including the Biz Talk integration engine to enable 
architectural alignment (Bygstad & Øvrelid, 2020). 
The integration engine integrated a broad range of 
local systems. However, the centralisation of system 
management implied that the local hospitals’ auton
omy was reduced (Øvrelid et al., 2017. Instead, 
a complex centralised IT unit governed by regional 
IT engineers gained power. We conceptualise this as 
strict centralised mirroring since the regional authori
ties incorporate each hospital in a centralisation logic 
that implies uniform performance independently of 
local particularities. This organising logic entails that 
innovation becomes a centralised activity, performed 
at a level significantly distanced from the practice 
environments.

6.3. How can we create efficient digital services, 
utilising the existing legacy systems in healthcare 
IT architectures?

We respond to our research question first by briefly 
describing the process of adaptive mirroring. Then we 
outline and explain the adaptive mirroring 
architecture.

6.3.1. From strict to adaptive mirroring
We find that a process from strictly mirrored archi
tecture, towards a more adaptive mirrored architec
ture, contains at least three central activities: 
Reconfiguring the silos, modularising the architecture, 
and implementing a process layer.

First, reconfiguring the silos has similarities to what 
(Bygstad & Hanseth, 2018) conceptualise as platformi
zation. However, reconfiguration (Øvrelid & 
Kempton, 2019) is less intrusive and builds more care
fully on the installed base. Reconfiguration entails 
a splitting (Baldwin & Clark, 2000) into knowledge 
and process layers, as well as loose coupling (Parnas,  
1972) between them. By the knowledge layer, we refer 
to clinical systems such as EPR. By process layer, we 
address logistics, information flow, and digital 

exchange of patient records (Øvrelid & Kempton,  
2019).

Second, modularising the architecture implies rear
ranging the software to become service-oriented (Erl,  
2005). Three-layer silo systems with few interfaces do 
not encourage efficient information flow (Ross et al.,  
2019). The introduction of a modularised architecture 
facilitates effective information exchange (Tiwana,  
2013; Yoo et al., 2010). This requires the implementa
tion of service-oriented boundary resources 
(Ghazawneh & Henfridsson, 2013) that encourage 
the use and re-use of information in the various 
systems.

Third, there is a need for a process layer that is 
deeply concerned with user services and the effective 
configuration of information. This is close to what 
Bygstad (Bygstad, 2017) frames as a lightweight IT 
knowledge regime. The process layer has a particular 
responsibility towards usability (Øvrelid & Sanner,  
2020) to enable a user to swiftly implement changes 
when needed.

6.3.2. Adaptive mirroring architecture
In our framing, adaptive mirroring is a combinatory 
capability established to enable a balance between 
central and local requirements (see Table 4 below for 
pros and cons). Adaptive mirroring, thus, allows both 
central and local innovation, and configuration of user 
services. The regional authorities must make sure that 
the IT architecture can operate efficiently, and that 
digital services can flow efficiently between hospitals. 
The local authorities must make sure that local inno
vation and configuration are possible. These different 
interests can be solved by establishing an architectural 
design that distinguishes between regional and local 
systems.

The adaptive mirroring architecture (Figure 1) is 
layered. The first layer consists of the basic infrastruc
tural services such as clinical systems and repositories. 
These legacy systems’ content is crucial when more 
adaptive architectures are established (Aanestad & 
Grisot, 2017). The second layer is the regional integra
tion engine, which is a complex boundary resource 
that collects and distributes clinical information 
(Bygstad & Øvrelid, 2020). In our case, the boundary 
resource is based on BizTalk technology, and through 
the Kalnes project, it was given an important role as 
a distributor of information to the process technology. 
The third layer is the local process layer, which is an 
aggregated vendor boundary resource that facilitates 

Table 4. Pros and cons of adaptive mirroring.
Pros Cons

Improved conditions to facilitate a combination of local and central governance Requires a more ecosystem-oriented governance regime.
Loosely coupled and modularised IT architectures to enable both centralised and 

local innovation
Requires transformation from monolithic to modular layered IT 

architecture
Better user services through more flexible and configurable interfaces Needs a decentralised control system to ensure use maturity

116 E. ØVRELID



information flow from clinical systems to modern IT 
equipment (Bygstad & Øvrelid, 2020). This vendor 
boundary resource interacts with the physical infra
structure of logistics and alarm systems (Bygstad & 
Øvrelid, 2020). The fourth layer is the user-oriented 
digital services enabled by modern configurable IT 
(like smartphones, whiteboards, check-in screens, or 
medical-technical equipment). The local innovation 
project at Kalnes allows us to theorise adaptive mir
roring. The Kalnes management group was from the 
start occupied with the profound need for a process- 
oriented solution that provided configurable user ser
vices to clinical expertise (Bygstad & Øvrelid, 2020). 
The harvesting of information from clinical systems to 
modern digital systems created a robust and powerful 
solution. The solution is also configurable for each 
hospital. While the regional integration engine is 
used by all the hospitals, the process system is used 
by Kalnes. A modularised and layered architecture 
(Tilson et al., 2010; Yoo et al., 2010), is a good base 
for a more service-oriented architecture with less 
siloification.

The adaptively mirrored IT architecture (used by 
Kalnes) is loosely coupled (Yoo et al., 2010) since it 
distinguishes between local and regional require
ments, and between the organisation and IT architec
ture. This also means that the IT architecture will have 
more centralised control while simultaneously provid
ing more appropriate user services (Bygstad & 
Øvrelid, 2020), more local innovation (Øvrelid & 
Sanner, 2020) while maintaining regional 

requirements (Bygstad & Hanseth, 2016). This type 
of adaptively mirrored IT architecture may also 
improve manageability by using standardised IT pro
ducts (like mobile technology) with flexible interfaces 
(Hylving & Schultze, 2020). Looser coupling between 
the expertise and the IT architecture technology may 
improve overall performance, and facilitate practice 
innovation. Adaptive mirroring also provides 
a connection between innovative discourses and exist
ing digital infrastructures (Øvrelid & Bygstad, 2019)

Despite several advantages, some demanding 
changes are needed to implement a system based 
on adaptive mirroring (see Table 4). Firstly, it 
requires a transformation from a regime where 
either the local or the central authorities has full 
control, towards a governance regime that com
bines these control mechanisms. This requires 
a systematic balancing of which tasks can be 
done locally (like process and user innovation), 
and which must be done centrally (security, con
solidation of technological core). Secondly, such 
a change requires a transformation of the IT 
architecture towards a modular and layered archi
tecture that facilitates innovation. This change 
must probably take place incrementally through 
a gradual breakdown into different regimes (see 
chapter above). Thirdly, since user innovation can 
be implemented directly, mechanisms are needed 
to safeguard security in the service layer so that 
the functions implemented do not create a risk to 
the patient.

GAT EPR LAB RIS

REGIONAL INTEGRATION ENGINE

Configurable user services using 
standardized information

Process layer

Installed base of clinical legacy
systems and repositories with
crucial clinical information

User-oriented digital services 
enabled by modern configurable 
IT and based on standardized 
regional information

PACS

Process layer:  An aggregated 
vendor boundary resource that 
facilitates information flow from 
clinical systems and alarm 
systems to modern IT equipment

Regional integration engine:  A 
complex boundary resource that 
collects, standardize and 
distribute information from a 
large amount of clinical systems

Patient alarms Operational monitoring
system

Figure 1. Adaptive mirroring architecture.
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7. Conclusion

In this paper, we investigate a transformation initiative 
that had the purpose to improve digital interaction 
between healthcare institutions. We find that Siloed 
IT architectures make efficient digital interaction chal
lenging. Our empirical evidence comes from a case in 
Norway, where we analysed a national transformation 
initiative and its consequences on the regional and 
local levels. We contribute to the literature on IT 
architecture within healthcare by improving the 
understanding of the IT silo problem, and by propos
ing a solution to it.

First, we find that strict mirroring that leads to sub- 
optimisation and silofication is a major cause for the 
presence of IT Silos. Second, we demonstrate how 
adaptive mirroring – a modular strategy for combin
ing global and local requirements in IT architecture – 
improves the changeability and manageability of IT 
architectures. Changeability in the sense that it allows 
local innovation, while at the same time ensuring 
central control. Manageability since a decentralised 
regime that allows distributed governance that 
strengthens process and user innovation is 
implemented.
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Appendix

Appendix 1

Appendix 1 – Explanation for Table 1, steps 1–4

Definitions: Iterations are rounds of processing to 
identify key events and key entities based on the 
researcher’s knowledge, empirical data, and new data.

Coding is used to describe the concrete empirical and 
theoretical use of concepts and how they are connected to 
data harvested from the research setting.

STEP 1: Number of iterations to identify key events: 3.
Point of departure:
investigating and exploring possible causes for ineffi

cient digital services, we identified the IT silo problem as 
a major issue.
● Iteration 1: The point of departure was the national 

reform, and the centralisation of management in 5 
(later 4) health regions. At the regional level, the IT unit 
remained decentralised, attached to particular hospitals.

Code 1: Local optimisation of IT architecture

● Iteration 2: The centralisation of the IT units from par
ticular hospitals to a new central IT Unit

Code 2: Regional centralisation of IT unit

● Iteration 3: Centralisation of IT program (It architecture 
and IT governance) at the region of HSE after 2010.

Code 3: Regional centralisation of IT architecture.
STEP 2:
Number of iterations to identify key events: 3

● Iteration 1: Process innovation at the new hospital. 
A new system was acquired to improve patient flow 
services.

Code 4: Splitting the architecture into two parts: Process and 
clinical systems

● Iteration 2: Alignment in the IT architecture between 
lightweight IT (local) and heavyweight IT (regional)

Code 5: Alignment between process and clinical systems

● Iteration 3: The gradual transition in discourse from 
central to local innovation within the region

Code 6: New governance model
STEP 3: Abduction to address hunches and ideas (Sætre 

& Van de Ven, 2021), creation of the theoretical framework, 
and inductive testing of the framework 

● Iteration 1: Identification of trends: local freedom gives 
local optimisation, and central control limit local innova
tion. Kalnes innovation project introduces novel ideas in 
the region

Code 7: More open innovation

● Iteration 2: Discourse on healthcare IT architecture to 
solve IT silo problems, bottom-up: occupied with prac
tices, top-down: occupied with holistic management.

● Iteration 3: theoretical reflection on various frameworks 
to describe the challenges introduced by shifting regimes. 
Mirroring is chosen

Code 8: Mirroring to describe the relation between organi
sation and technology.

● Iteration 4: Construct a framework based on mirroring 
(using existing literature): strict, partial, and adaptive.

● Iteration 5: Testing out the framework inductively on 
research data.

Code 9: Adaptive mirroring as a model with looser coupling
STEP 4: Theorising mirroring and describing a process to 

reach adaptive mirroring architecture.

● Iteration 1: Comparing theoretical framework with exist
ing theory in IS. Several rounds of debate. Theorise strict 
mirroring (local and centralised)

● Iteration 2: Develop an architectural sketch to illustrate 
adaptive mirroring. Comparison with earlier mirroring 
forms. Pros and cons described.
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