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ABSTRACT

Construction site operations often involve multiple actors with substantial variations in assump-
tions, expectations, and knowledge about technology. This could impair digitalization, which
involves development of socio-cognitive environments that foster use of digital technology in
new organizational procedures. Nevertheless, construction industry digitalization research has
mainly addressed firm-level transformation of engineering phases and focused on technology,
largely ignoring challenges arising from cognitive differences among actors at construction sites.
Thus, we report a case study of attempts to spark construction site digitalization through a
shared information management system (IMS). Applying technology frame of reference theory,
we demonstrate how differences within groups among actors’ frames (inconsistency) shape
group-level frame misalignment (incongruence) and thus digitalization outcomes. The IMS was
implemented successfully at the focal firm’s headquarter and regional office levels. However,
substantial construction site-level frame inconsistency led to misaligned group-level expectations
and generated a fragmented socio-cognitive environment that hindered strategic digitalization.
In conclusion, socio-cognitive environments at industry, construction site, and group levels
recursively shape individual frames, and harmonization of frames is important to realize con-
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struction digitalization.

Introduction

Pervasive, combinatory digital technologies trigger
new opportunities for digitalization and innovation in
the construction industry (e.g. Slaughter 2000, Boland
et al. 2007, Lundberg et al. 2020). However, despite
rapidly increasing digital technology investments, the
industry is slowly harnessing the benefits (Jacobsson
et al. 2017) for reasons including project-based logic,
fragmented value chains, and monolithic IT-systems
(Dubois and Gadde 2002b, Jacobsson and Linderoth
2010, Hall et al. 2020). These factors complicate expan-
sion of rigorous internal backbone digitalization to col-
laborative inter-organizational levels associated with
transformation of organizing logics (Sandberg et
al. 2020).

Construction sites comprise a critical domain where
the industry repeatedly fails to envision, implement,
and capture value from digital technology due to
severe challenges (Jacobsson et al. 2017, Morgan
2019). These include multiple heterogeneous actors
with diverse specialties, competencies, cognitions,

values, and incentives (not necessarily within firms'
remits), which require alignment for significant
technological adoption (Orlikowski and Gash 1994,
Young et al. 2016). This study explores challenges
associated with such micro-level actor heterogeneity
facing expansion of digitalization to a collaborative
inter-organizational level at a construction site (treated
as an inter-organizational operational domain where
distributed heterogenous actors engage in collabora-
tive efforts to realize an envisaged physical product).
Research focused on innovation and renewal has
contributed important insights on digitalization proc-
esses in the industry (Slaughter 2000, Bygballe and
Ingemansson 2014, Havenvid et al. 2016), but mainly
from a technical test and implementation perspective
(e.g. Chau et al. 2004, Kim et al. 2013, Van Berlo and
Natrop 2015, Braun and Borrmann 2019). Digital tech-
nology’s relationship to social and cognitive factors
during digitalization has received much less attention
in construction research despite ample evidence of
the critical role of socio-technical challenges in the
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high failure rate of IT-implementation projects (Sayer
1998, Dwivedi et al. 2015). Moreover, past research on
construction digitalization that considers such factors
mainly focuses on firm-level operations and industry-
level outcomes (e.g. Boland et al. 2007, Shibeika and
Harty 2015, Jacobsson et al. 2017, Lavikka et al. 2018,
Morgan 2019), while micro-level conditions and inter-
mediate outcomes of applying digital technology in
practice (Orlikowski 2000, Arvidsson et al. 2014) have
been largely ignored.

Understanding digitalization as a socio-technical
process that leverages digital technology’s capabilities
to develop new organizational procedures (Yoo et al.
2010, Brynjolfsson and McAfee 2014), we argue that
digitalization processes are enacted in construction
practices through digital technology application. To
elucidate digitally enabled construction industry trans-
formation, we thus need to expand understanding of
digital technology’s adoption and use in practice. To
this end, we complement research focused on indus-
try-level outcomes by addressing (empirically and the-
oretically) micro-level phenomena. Specifically, we
address the following question: How do differences
within and across groups (inconsistency and incongru-
ence, respectively) in technological frames (Young et
al. 2016), i.e. assumptions, expectations and know-
ledge about technology (Orlikowski and Gash 1994),
shape the socio-cognitive environment and hence
affect construction site digitalization? For this, we
draw on data collected in a qualitative case study (Yin
2009) of attempts by a large Scandinavian construc-
tion firm, cCorp (fictionalized name), to spark
construction site digitalization through an inter-organ-
izational Information Management System (IMS). We
examine technological frames of actors involved in a
small construction project and their IMS uses to iden-
tify implications for construction site digitalization. We
also apply technology frame of reference theory
(Orlikowski and Gash 1994, Young et al. 2016) to ana-
lyse actors’ descriptions of technology and its capabil-
ities, perspectives on why the technology was
implemented, and understanding of its use.

We find that while the IMS was successfully
embedded in organizational routines and practices at
cCorp headquarters and regional office-level, cCorp
did not realize desired strategic digitalization out-
comes at construction site level. Instead, a fragmented
socio-cognitive environment with misaligned expecta-
tions, appropriation and resistance towards digital
technology emerged from potently interacting within-
group frame inconsistency and between-group
incongruency.

Theoretical background
Construction site digitalization

The construction industry has used digital technology
for processing information (e.g. spreadsheeting), sim-
ple automatization (e.g. process automation), and
design architecture (e.g. computer-aided design) for
decades. In early stages, technological constraints
restricted efforts to scale digital technology capabil-
ities within and outside firms’ boundaries. However,
due to exponential growth in computational capacity
(Brynjolfsson and McAfee 2014) along with its evolving
and pervasive nature, digital technology nowadays
offers firms vast opportunities to (re-)combine its
capabilities (Yoo et al. 2010, Nylén and Holmstrom
2015). Success in such combinatory efforts requires
understanding that digital technology systems are not
self-contained units with fixed meaning and relations,
but loosely coupled and infrastructural (Yoo et al.
2010, Baskerville et al. 2020). Hence, they can be
exploited in multiple ways and value paths through
design and use combinations (Henfridsson et al. 2018),
producing generative conditions which increase com-
plexity (Sandberg et al. 2020). Firms that experiment
with digital technology’s capabilities — including con-
struction firms (e.g. Boland et al. 2007, Lundberg et al.
2020) — may acquire diverse opportunities for process,
product and service innovations (Yoo et al. 2010,
Nylén and Holmstrom 2015, Nambisan et al. 2017).
However, despite increases in digital technology
investments, the construction industry is still slowly
harnessing infrastructural and combinatorial benefits
(Morgan 2019, Hall et al. 2020).

To realize digitalization benefits, digitization is
required, i.e. conversion of information from physical,
analogue to digital formats (Tilson et al. 2010), e.g.
drawings on paper to portable document format
(PDF). This technical process provides preconditions
for various organizational changes, but does not guar-
antee their occurrence. Therefore, after successful
digitization of operations firms must proactively
engage in digitalization - the socio-technical process
of leveraging digitized aspects to develop new organ-
izational procedures (Yoo et al. 2010, Brynjolfsson and
McAfee 2014). At construction site level, such proce-
dures include digitally-mediated routines, improved
coordination of multiple actors through digitized infor-
mation, and establishment of digital relationships
between human actors and key physical objects
(Tilson et al. 2010, Yoo et al. 2010, Baskerville et
al. 2020).



In most previous construction digitalization research
(mainly addressing firm-level operations and industry-
level outcomes), major concerns are digitalization of
the design-engineering process and the role of build-
ing information modelling (BIM) (e.g. Papadonikolaki
and Wamelink 2017). Digitalization’s practical implica-
tions at construction sites have received little atten-
tion, possibly because of the highly physical inter-
organizational procedures, and diversity of both indi-
viduals and cognitive schemas. Instead, construction
site studies mostly focus on aspects of project man-
agement efficiency, such as project managers’ roles
(Grill et al. 2019), risk and safety management
(Sherratt et al. 2013), or layout planning (Lam et al.
2007). Those that consider digital aspects tend to
focus on the technical element (digitization) (e.g. Chau
et al. 2004, Kim et al. 2013), particularly by testing BIM
for diverse purposes (e.g. Van Berlo and Natrop 2015,
Braun and Borrmann 2019). Ways to leverage digitized
information at construction sites by developing new
organizational procedures to improve project delivery
need further investigation (Brathen and Moum 2016,
Whyte 2019). Socio-technical analysis of construction
site digitalization remains scarce, and primarily focuses
on industrial characteristics and their dynamic effects
on digitalization in efforts to understand systemic
change and digitalization outcomes (Hall et al. 2020).
However, examination of heterogeneous individual
actors’ sensemaking processes, feelings, and abilities is
also needed as they affect new information systems’
adoption and use (Linderoth 2017). Moreover, con-
struction site actors are often rooted in different firm
cultures, and thus likely to differ in cognitions, values,
and incentives that are not necessarily aligned,
although they all may potentially affect technological
adoption (Orlikowski and Gash 1994). Hence, we focus
on micro-level actions and how construction site pro-
fessionals perceive, understand, and use technology in
their everyday work (Orlikowski 2000, Arvidsson et al.
2014). Such analysis may be crucial for elucidating
construction site digitalization, due to project-based
logic, fragmentation (Dubois and Gadde 2002b), and
need for collaboration of multiple heterogeneous
actors with different specialties and competencies
(Bygballe and Sward 2019).

Incongruence and inconsistency in
technological frames

Human actors draw on cognitive structures, interpret-
ive schemes (Giddens 1984), scripts (Gioia 1986), or
mental models (Schein 1992) to make sense and
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process new information (Weick 1995). Cognitive struc-
tures (frames) help actors to understand consistent
problems but may also constrain their cognitive
responses to new or inconsistent information. For
example, since digitalization involves implementing,
adopting, and leveraging new technology, it activates
actors’ frames and actions to contextualize the tech-
nology (making it useful and meaningful, or not)
(Arvidsson et al. 2014, Nambisan et al. 2017).
Depending on the context and associated actors, this
may result in inconsistent information triggering cog-
nitive inertia in individual actors that subsequently
spreads within organizations through their interactions
(Orlikowski and Gash 1994). Thus, attention to individ-
ual actors’ frames (and their effects on collective and
organizational belief systems) is required to under-
stand the socio-cognitive environment: the “broader
belief system [...] that shapes the beliefs and ideas of
individual actors (i.e. their interpretive frames) and
thus influencing their actions” (Jacobsson et al. 2017,
p. 614). We argue that the socio-cognitive environ-
ment spans multiple interdependent (society, industry,
firm and group) levels. Thus, we extend this
unidirectional (environment-to-actor) perspective by
conceptualizing the relationship as bidirectional and
the socio-cognitive environment as being shaped by
aggregate effects of individual actors’ frames on the
broader belief system (particularly within construction
sites) and shaping actors’ frames, thereby influencing
their actions.

To understand the mutual shaping of frames by
individual actors and the socio-cognitive environment
during construction site digitalization, we apply the
concept technological frames (TF): the “subset of mem-
bers’ organizational frames that concern the assump-
tions, expectations, and knowledge they use to
understand technology in organizations” (Orlikowski
and Gash 1994, p. 178). Orlikowski and Gash (1994)
recognize three TF domains: the nature of technology
(actors’ understanding of technology, including its
potential, functionality and capabilities); technological
strategy (actors’ perceptions of the motivation and
vision behind the new technology, and why it should
be implemented); and technology-in-use (actors’ every-
day use of technology and consequences of its use).
These domains are broad and have varying relevance
(cf. Olesen 2014), so scholars have defined additional
frame domains and contents (cf. Davidson et al. 2004).

The three TF domains indicate context dependency,
and facilitate interpretative analysis of the understand-
ing, perceptions and use of technology of actors at
various organizational levels, e.g. designers, managers
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and suppliers (cf. Davidson et al. 2004, p. 479). Thus,
we apply TF theory to address actors’ use, experiences,
and interpretation of digital technology in efforts to
illuminate micro-level frame (in)consistencies and
(in)congruences that shape the socio-cognitive environ-
ment and hence affect construction site digitalization.

Congruent frames are not identical but aligned “on
key elements or categories” and related in structure
(common categories) and content (similar values
regarding those categories). Incongruent frames refer
to differences in “expectations, assumptions, or know-
ledge about some key aspect” (Orlikowski and Gash
1994, p. 180). They often occur when actors have dif-
ferent interactions and experiences with technology,
which may lead to different understandings of how
and why it is used (Davidson 2006), triggering mis-
aligned expectations, resistance, scepticism, and poor
technology appropriation (Orlikowski and Gash 1994).
TF studies have shown that frame incongruence may
vary depending on institutional culture, power rela-
tions (Barrett 1999), and across frame domains
(Davidson 2002). Most have focused on incongruence
between social groups, but inconsistency (differences in
frames within social groups) may modulate effects of
between-group incongruence on IT-enabled change
over time (Young et al. 2016). Thus, we apply both
frame inconsistency and incongruence notions to
explore effects of variation in actors’ cognitive frames
on construction site digitalization.

Research methods

We conducted a qualitative exploratory case study
(Yin 2009), with an interpretative approach (Walsham
1995), of attempts by the Swedish company cCorp (fic-
tionalized name) to spark construction site digitaliza-
tion through an IMS. To facilitate understanding of the
context (the socio-cognitive environment in which it
was implemented, and inter-organizational relations
involved) we followed a small, prefabricated module
construction project from planning to handover
(November 2018-May 2019). We sought to obtain rich
insights from multiple data sources and illuminate the-
oretical concepts (Yin 2009), thus analytically general-
izing our empirical findings to theory, rather than
statistically to a larger population (Lee and
Baskerville 2003).

Case description

cCorp is a leading Scandinavian manufacturer that
provides “prefabricated housing elements to an

intermediary builder” (Steinhardt et al. 2020, p. 488)
and an on-site project manager to oversee the build-
er's work. Final products range from detached houses
to apartment complexes and retirement homes.
cCorp’s annual turnover is around 3000 million SEK,
and since inception it has delivered more than
150,000 buildings, establishing a legacy in sustainable
wood construction. The firm has headquarters, three
manufacturing plants and approximately 30 regional
offices in Sweden.

In 2016, the firm's R&D department initiated a
digital project to improve how information was shared
during a construction project. The outcome was what
we call an Information management system (IMS). The
IMS is a web-based solution built on the SharePoint
platform, developed by in-house staff at cCorp’s head-
quarters together with an IT-consultancy firm. IMS’
main purpose was to provide one integrated cloud-
based point of contact for each project where subcon-
tractors could access updated information and that
notified affected actors of any changes. The manager
of each construction project invites actors to access a
dedicated project sub-space (after they create an
account with e-mail and other contact information),
assigns them roles, then the IMS automatically notifies
them via e-mail if role-relevant information (e.g. a con-
struction drawing) changes. For example, when a
change in a drawing affects electrical wiring, the con-
tractor responsible for electricity should be notified
but not necessarily the land and founda-
tion contractor.

The IMS was in a post-implementation phase when
we conducted the study. The construction site activ-
ities we followed in the focal project lasted 16 weeks
from module delivery to occupation of an eight-unit
apartment building and five rowhouses . It involved
engineers from cCorp headquarters, managers from
the regional office and manufacturing plant, and eight
subcontractors working on-site (Table 1). We investi-
gate in detail how the construction project actors
framed the IMS in terms of three principal aspects: the
nature of technology, its strategic purpose, and its
use effects.

Data collection

Following Yin (2009), we used multiple data sources
(Table 1) to investigate individuals’ and social groups’
technological framing of the IMS. Between November
2018 and December 2019, the first author conducted
23 semi-structured interviews (average length,
63.5minutes, audio-recorded and subsequently



Table 1. Data sources.
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Location Interviews

Observations & documents

Regional department Project developer 1 (PD 1)
Project developer 2 (PD 2)
Local business developer
Project manager 1 (PM 1)
Project manager 2 (PM 2)
Customer relationship manager
R&D manager
IT manager
IT & business developer
Design engineer
Production design engineer
Static engineer
Manufacturing plant manager
Manufacturing plant production manager
Manufacturing plant technician manager

Headquarters

Manufacturing plant

Construction site Machine and supply
Carpentry firm CEO
Carpenter
Scaffolder
Ventilation contractor (VC)
Land and foundation contractor (LFC)
Painter

Electrician

Interactions before and after interviews
Presentation of initial findings
Project documents, timeline, customer strategy documents.
6 h observations
800 separate notes

Manufacturing plant tour
Digital strategy documents
6 h observations
1000 words notes

Manufacturing plant tour
Informal conversations and observations
2000 words notes
4h observation
Project meetings
7 observations at the construction site
18 h observation
1800 words notes
23 photos

Total: 23 interviews, 34 h observation, 5600 words in notes, 6 policy documents, 23 photos.

transcribed) with actors at four cCorp sites: headquar-
ters, a regional office, a manufacturing plant, and the
construction site. The interviews followed an explora-
tory interview guide using the predefined themes:
background, (digital) work practices and routines,
including IMS usage and implications. In addition, the
first author compiled a 5600-word field note diary dur-
ing observations at the four locations of: informal dis-
cussions before and after interviews, manufacturing
plant tours, presentation and discussion of initial
research results, demonstration of the IMS, and key
construction site events (project meetings, customer
visiting days, delivery, and mounting). Additional data
sources (such as project description, strategy docu-
ments, and customer journey documents) were col-
lected at each location.

Data analysis

The data analysis followed an abductive approach
(Dubois and Gadde 2002a). First, we familiarized our-
selves with the data and inductively coded it to iden-
tify important quotes of relevance to our research
guestion that we then aggregated into thematic codes
(Braun and Clarke 2006). We then reflected on the
resultant thematic codes in relation to relevant litera-
ture. During this analysis process, we identified salient
patterns related to socio-cognitive aspects. Second, in
our iterations between theory and the empirical
material we identified the technological frames (TF)
reference theory as useful in analysing and exploring
relationships between them. Specifically, we organized

the thematic codes and raw data according to defini-
tions of the three TF domains provided by Orlikowski
and Gash (1994) (see Table 2).

Third, to identify frame incongruences between
groups (Table 3) we considered, summarized and com-
pared results concerning frames of individuals of three
social groups: developers (at headquarters), internal
users (at the regional office and manufacturing plant),
and external users (subcontractors). Then, inspired by
Young et al. (2016), we compared frames of individu-
als within each group to characterize frame inconsist-
ency (Table 4). Through this iterative process, we
found frame inconsistency (within groups) and incon-
gruency (between groups) associated with unclear
strategy, context of use, technology access, and vari-
ation in digital competence. In accordance with our
micro-level contextual focus, comparison of the frame
inconsistencies and incongruences revealed a frag-
mented socio-cognitive environment with bidirectional
(actor-environment and environment-actor) processes
that hindered construction site digitalization.

Findings

In late 2016, cCorp sensed an urgent need to address
high on-site production error rates. Increases in pro-
duction rate and numbers of actors involved in each
project had rendered prevailing practices of distribut-
ing project-related information through e-mail and
phone calls unsustainable. Therefore, cCorp initiated a
project to improve project-level information gathering
resulting in the IMS implementation.
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Table 2. Data analysis example.

Raw data

Thematic codes TF domain; category

It is not good enough. We want our work orders to be there [IMS].
When you write the time on your work order, you can also change
the status of that order. So, it will be like different colours with
different names on it then, ongoing or ordered or executed. Then
you could just change the status of the person who has received
the work order. (VC, subcontractor).

It [IMS] started as a publishing system, to create PDF’s of our drawings
and put them somewhere that everyone knew had the latest
versions [...]. It has grown, and received several players, both
internally and externally. (R&D manager, headquarter).

I still think it [IMS] is good because it's reasonably large, easy to
understand, you see the information that concerns you for one
project. (LFC, subcontractor).

| don’t need to keep track of all protocols, self-checks and documents
and send out them to everyone via mail. If a document’s updated,
everyone’s notified in their mail. So, if there’s a revision no-one
should miss it. (PM 1, internal user).

| don't really know if it [IMS] is updated all the time. We builders have
another communication: “Will the house be there that day? Or is
there a new decision? Should we send people there yet?”. They
[cCorp] must keep track of that. (VC, subcontractor).

It's a bit sensitive using [smart]-phones on the construction site with
customers around. (Electrician, subcontractor).

IMS potential Nature of technology
Technological constraints

Focal point

Value creation Technological strategy
Adaptive information

Administrative efficiency

Automatization

Trust issues Technology-in-use

Environmental dependencies

Table 3. Observed frame incongruence between social groups.

TF domain Groups

Frame incongruency illustrations N

Nature of technology Developers vs. internal users, and .
external users

Technology strategy Developers vs. internal users, and .
external users

Technology-in-use Developers vs. internal and .
external users

Developers vs. internal users °

The IMS is an evolving publishing system used by the regional 1
office, manufacturing plant, and subcontractors with the potential

to generate learning insights for next-generation

IMS (Developers).

It's a standardized DMS used by all involved actors in a

construction project with the potential to change communication

with external actors through automated information flow

(Internal users).

It's a centralized information retrieval system used by

manufacturing plant and regional office staff, and subcontractors

(External users).

The IMS was implemented to reduce high error rates, change 2
project workers’ behaviour, and obtain learning insights for the
next-generation IMS (Developers).

It was implemented to improve information exchange between

project actors (by serving as a focal point for all project-related
information), and the internal document system (Internal users).

It was implemented to improve retrieval of information such as
construction drawings, thus increasing potential to work uniformly
(External users).

Despite the underlying platform’s technical limitations, the IMS is 3
easy to use, platform-agnostic, and combinable, providing

capabilities to rapidly publish and access mutable project

information during projects (Developers).

It could be used to manage project information before, during,

and after a project through a self-service approach, but there are

concerns about its technical performance, relationships between

extant IT-systems, low adoption rate and mediocre utilization of

its capabilities (Internal users).

It could be used when project drawings changed during a

construction project, but there are concerns about being able to

use it properly due to environmental factors, unreliability of

information in the systems, and its potential to generate extra
work-activating information (External users).

Mirroring information in the ERP system and IMS is necessary, but 4
duplicates developers’ work (Developers).

Mirroring information in the system has eased navigation

between systems and improved transparency for external users

(Internal users).




Table 4. Observed frame inconsistency within social groups.
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TF domain Group

Frame inconsistency illustrations N

Nature of technology

Internal users e The IMS improves how information is written, saved and 1

distributed (PD2)

e It constrains creativity especially concerning working with drawings
(local business developer).

External users e The IMS has fostered a more positive attitude to digitalization, and 2

its simple functionalities are important since drawings often change
during construction projects (LFC).

e cCorp’s IMS has insufficient functionalities (less than other firms’) and
unclear information about when a drawing has changed (Carpentry

firm CEO).
Developers e The IMS was implemented to improve users’ retrieval of documents 3

Technology strategy

whenever they wanted (Design engineer).

e It was implemented to decrease administrative workloads
(Static engineer).
It will be replaced soon (Production designer).

Developers

The system’s fast implementation could generate important learning 4

outcomes (R&D worker).
e Its fast implementation generated technical constraints and
maintenance issues (IT-manager).
Internal users e The IMS was implemented to get away from e-mailing and analogue 5
drawings (PD 1).
e It was implemented to ensure that external users’ got the right
drawings (PM 1).
e PD2 agreed with PD1, adding that the IMS allows self-
service retrieval.
External users e The IMS was implemented to enable retrieval of drawings 6
online (Carpenter)
e Ditto, but it should work as a communication platform (LFC).

External users

Technology-in-use

The IMS lacks appropriate capabilities for subcontractors’ 7

communication possibilities and provision of reliable
information (VC).

e It's a fast system that reaches everyone (LFC).

External users e The automated push-notice function is smooth (LFC). 8
e The automated push-notices increase stress (Painter).

External users e The IMS is useful for retrieving drawings and project 9

information (Scaffolder).
e There is no need for the IMS (Carpenter).

Internal users

The IMS clarifies uses of cCorp’s existing IT-systems (PD 2). 10

e It has made finding the right documents increasingly difficult
(Manufacturing plant production manager).
Internal users e The system’s capabilities could not be leveraged if external users did 1
not adequately use it (PD1).
e Its capabilities could not be leveraged if developers did not
adequately use it (Manufacturing plant manager).

The IMS was launched in 2017 and first deployed
for internal users in regional offices and manufacturing
plants. Next, regional office users introduced the IMS
to external users (subcontractors). This was difficult,
because as construction projects progressed internal
users had to learn and contextualize the system them-
selves and manage others’ cognitive frames (i.e. train
and motivate external users). Hence, a fragmented
socio-cognitive environment (i.e. within-group incon-
sistency and group-frame incongruency) emerged,
resulting in mediocre construction site-level utilization
of digitized information.

In the following sections, we illuminate developers’,
internal users’, and external users’ post-implementa-
tion technological framing of the IMS, unpacking the
socio-cognitive environment of the focal construction
site through analysis of identified within-group incon-
sistencies then group-frame incongruencies.

Frame inconsistencies within social groups

We identified divergent frames within all social
groups, which varied depending on their contextual
arrangement, technology access, and digital compe-
tence. Here we sequentially address these frame incon-
sistencies (summarized in Table 4) within the groups of
developers, internal users and external users.

Developers

Developers at cCorp headquarters consistently
described the IMS as an evolving publishing system
with technical functionalities allowing fluent publish-
ing and rapid access to mutable project information
that would reduce errors during on-site production
and hence time spent dealing with complaints. Their
vision was to structure project-level documents to pro-
vide internal users with better overviews and ensure
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that external users always have correct information
through rapid, automatic updates via smart devices.
Hence, the IMS was originally envisioned as a tool for
publishing project information, but its role and pur-
pose evolved post-implementation. The R&D man-
ager explained:

It started as a publishing system. We wanted one
common place to publish all documents, especially
PDFs of our drawings [...] that everyone knew were
latest versions. (R&D manager)

Among developers, discussions of the IMS often
focused on technological strategy, integrations, and
feature improvements rather than socio-technical
aspects, such as everyday use and constraints. Some
argued that another more sophisticated IMS based on
3D-visualizations would soon replace the current IMS,
while other developers commented, approvingly, that
it had decreased users’ administrative workload (Table
4, N. 3). For example, the static engineer explained
that, before the IMS, manufacturing plant managers
and other actors were given hard copies of construc-
tion project orders and notified of changes through
discussions and information issued in multiple e-mail
conversations. In contrast, orders and drawings posted
in dedicated project spaces of the IMS could be rap-
idly changed and retrieved by all relevant actors.

Developers consistently described the IMS as a sim-
ple hub for publishing pertinent information before
and during a construction project that could be easily
used on various devices (PCs, laptops, smart devices).
One engineer confirmed these consistent frames, say-
ing that developers could combine it with other
digital systems (e.g. an Excel-based tool developed by
a colleague and used by every engineer to calculate
snow-zones and meet various environmental require-
ments). The high digital competence at the headquar-
ters and the system’s combinatory capabilities allowed
developers to creatively find solutions to enhance the
engineers’ efficiency.

An important objective for cCorp’s developers is to
drive digital transformation by continuously planning,
designing, and implementing new digital solutions
(the IMS being one of many). Some highlighted that
the functionalities prioritized and included in the IMS
reflect the project’s development and management in
collaboration with the external IT-consultant. They
argued that the IMS’s technological deficiencies were
due to cCorps’ atomistic project management process,
characterized by unclear boundaries, goals, project
owners and fast implementation. Inconsistently with
the R&D manager’s frames, the IT manager said that
new functionalities were added during the

development process without due consideration of
long-term implications. This hindered maintenance of
the system’s functionalities (Table 4, N. 4) as explained
by the design engineer responsible for adding new
roles in the IMS:

Our ERP is synced with [the IMS], transferring data
back and forth. So, we have two systems that look
alike and do the same thing. We can't kill the first one
[...] due to the 10-year guarantee period, and to
have the ability to go back and look at our data. Thus,
we register everything in two systems.
(Design engineer)

On a technological strategy level, the IMS was rap-
idly implemented to test how a publishing system
would work in practice. Many developers suspected
that issues would emerge post-implementation but
believed this would facilitate long-term improvement
of the IMS and other digital projects. Another import-
ant strategic objective was to change internal and
external users’ cemented behaviours and non-digital
routines. Instead of investing substantial resources in
designing a fixed, finalized system, they wanted to
give users possibilities to learn and experiment with
basic IMS capabilities. However, the rapid implementa-
tion also triggered frame incongruency between
groups (Table 3).

Internal users
Regional managers and manufacturing plant managers
consistently described the IMS as a standardized docu-
ment management system (DMS) where project actors
could share documents. However, there were inconsis-
tencies among the internal users concerning percep-
tions of functionalities the IMS offered, how they were
utilized, and what it should offer. For most regional
managers, its core capability was the possibility of
publishing information in a shared space, although
some noted that these capabilities were not fully or
appropriately utilized:
The idea is that everyone involved in a project, from
the building permit office to the architect, the bank,
to colleagues at headquarters who make the
drawings, and we here regionally are gathered in one

place. A future thought is to allow inclusion of
customers too. (PD 1)

Most internal users regarded it as a solution to
problems caused by subcontractors on-site using out-
dated drawings in the hard-copy documents and
emails distributed by internal users, as illustrated by
PD 1:

[For example, when] an electrician needs electric
circuit drawings, he can retrieve them. He knows



they’re the latest versions [...]. Everyone [project
actors] gets an update from the IMS every morning.
[...]1 However, it should be a DMS, and what you see
should depend on your role. (PD 1)

Thus, internal users generally recognized advan-
tages of its automation of information production,
storage, and distribution, together with self-service
features, such as subcontractors’ ability to retrieve
relevant information at any place and time (Table 4,
N. 1). However, some internal users stated that the
IMS disrupts construction site operations and
reduces creativity, and when discussing the associ-
ated technological strategy several other frame
inconsistencies emerged. Most noted that the IMS
contributed to standardizing document management
practices at all cCorp’s regional offices. For example,
PD 2 said that all regional offices previously had
idiosyncratic ways of managing documents via
Microsoft Windows’ traditional folder system, result-
ing in extensive e-mailing and administrative efforts
to trace documents. In contrast, the IMS provided
streamlined access to all project-related information
through digitized checklists concerning (inter alia)
land purchases, sales, production, tenant-owner asso-
ciations and relevant regulations. According to the
customer relationship manager these checklists had
improved information availability, particularly retrieval
of basic information about specific construction proj-
ects, such as actors involved and schedules. In con-
trast, the business developer (with 30 vyears'
experience) argued that to generate new business
cCorp employees should be out in the field, socializ-
ing and establishing new contacts instead of hiding
behind digital systems (Table 4, N. 1).

Moreover, in their daily work internal users uti-
lized two main IT-systems in addition to the IMS: an
enterprise resource planning (ERP) system, and a
customer relationship management (CRM) system.
Insufficient integration of these systems triggered
frame inconsistency, as noted by the quoted design
engineer (p. 8). Some internal users argued that the
IMS is “just an additional system”, which engendered
confusion as multiple systems could be used for
similar tasks after its introduction (Table 4, N.10).
Further, the manufacturing plant production man-
ager noted that while the IMS contained some infor-
mation relevant to him, it did not help him to
identify where and how to find it rapidly. Despite
confusion regarding specific roles of the ERP, CRM,
and IMS, several internal users stated that the IMS’s
self-service functionality had significantly improved
everyday administrative work. For example, the PM
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responsible for overviewing on-site construction
work commented that he previously had to keep
track of all protocols and documents, and send
them out individually via e-mail, but following its
implementation, “If a document is updated, everyone
gets a notification via their mail that there’s a new
drawing and the old one disappears”. PD 1 agreed,
highlighting the self-service approach:

If contractors contact us, we should refer them to the
[IMS] because we want to get away from the e-
mailing. Instead, we want them to retrieve information
from the IMS themselves. So, there’s also a way of
working that needs to change [...] and maybe not
spoil our partners. (PD 1)

Most internal users had expected the IMS to
improve their communications with external users, but
as illustrated in the above quote, external users’ low
commitment (due to headquarters providing inad-
equate training) had prevented its full exploitation.
They said that they first had to learn the system them-
selves, then not only train the external users, but also
try to motivate them to use the IMS. During the initial
implementation, doing all of this simultaneously while
trying to control an information-intensive environment
was not feasible. As the construction site man-
ager said:

During the first project, | burst [...] | didn’t have time

to take in the new [IMS], but now if [subcontractors]

ask or e-mail, | say they must access the [IMS] instead,
then they're almost forced to do so. (PM 1)

External users’ low adoption rate was not solely
attributed to inadequate training. Other factors, noted
by regional managers, included continued use of
cCorp’s established information exchange methods
(e.g. e-mail, phone calls, meetings) and subcontractors’
simultaneous need to adopt other construction firms’
IMS (with different exchange routines). These manag-
ers described frequent needs to remind and cajole
external users to retrieve information via the IMS
rather than e-mail.

While regional managers highlighted challenges
related to external users, manufacturing plant manag-
ers revealed another set from an internal perspective
(Table 4, N. 11), associated with failure of engineers at
cCorp headquarters to provide drawings and other
information on time:

[...]1 when you conclude [during a project meeting]
that a document in the system should show what
colour [a wall] should be [...] but the IMS still doesn’t
show the colour when we're ready to build that's
problematic because we need to order paint from the
supplier in time. (Manufacturing plant manager)
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External users

Construction site subcontractors described the IMS as
a centralized IT-system from which they could retrieve
project information (primarily when drawings change).
External users are rooted in different firm cultures,
with different digitalization experience. Most believed
that cCorp implemented the IMS to show that it was
keeping up with digitalization trends. Several had
been drawn into other partner firms' digitalization
efforts and felt vexed. Moreover, there was high vari-
ation in overall digital maturity and competence. For
example, in their internal operations the electrician
still used paper and pencil to report work hours, while
the VC used a GPS tracking system to optimize time
and resource distribution. This variation in external
users’ digital maturity generated major frame inconsis-
tencies (Table 4, N. 2). Those with high digital maturity
regarded the IMS as having insufficient features and
providing unreliable information, thus generating add-
itional work (Table 4, N. 7). For example, the VC felt
that the IMS was inadequately updated and lacked
crucial features to support subcontractors’ tasks and
management of time and resources. These subcontrac-
tors compared cCorp’s IMS unfavourably with systems
they had used for other customers. For instance, the
carpentry firm CEO declared:

We think these systems are great. [In the municipality
IMS] you can easily get the information out to
everyone, you can chat with each other and put up
post-its. You get updates all the time [...] it's great.
However, in the [cCorp IMS], you only get an e-mail
like “document X has changed”. You have no idea
what kind of document it is, and it gets a bit messy.
(CEO, carpentry firm)

Some external users, however, argued that cCorp’s
IMS had a better balance between technical features
and information than others (Table 4, N. 2). For
example, the LFC said:

| think it works well. It's nice that everything's
gathered at the same place and you get information if
there’s an update. | have it in the phone [...], and it
pings if someone changes a drawing. | can directly
see if information concerns me. | believe it's crucial
because often certain pieces aren’t [planned] [...] the
plan may change over time. (LFC)

Despite the variation in digital maturity, most sub-
contractors consistently highlighted the IMS'’s value for
retrieving information online, when required, thus
solving versioning problems associated with analogue
drawings. However, some also noted that the IMS has
more potential functions than simply information
retrieval (Table 4, N. 6).

While discussing the system’s expected value, sev-
eral external users voiced concerns relating to their
physical working environment at the construction site,
commenting that digital tools cannot do the work for
them: ultimately completing the work correctly in the
physical world, on time, and within budget is what
counts. Allocating resources for learning the IMS was
not a priority. In contrast to the LFC (Table 4, N .8),
the painter expressed concerns regarding the balance
between digital and physical work

I'd rather be out on site to make sure the [physical]
work [proceeds]. You can use as many smartphones as
you want. | feel that if they add more technicalities, |
won't have time to get on the site [...] every time
the phone pings, it may take ten minutes before you
return to where you were in work. (Painter)

These inconsistent frames generated “a vicious
circle” among subcontractors. If one contractor estab-
lish counterproductive frames about the IMS and asso-
ciated practices, there was a greater chance such
frames were communicated within the group, thus
affecting collective IMS frames. Therefore, it was easy
to fall into the old routines of phone calls and e-mail
instead of challenging the frames. Moreover, two of
the eight interviewed subcontractors apparently had
no access to the IMS, and said they felt no need for it
because the required drawings were in their heads, so
they continued to work as before, retrieving informa-
tion through phone calls and e-mail (Table 4, N. 9).
When asked about the low adoption rate, external
users argued that education, environmental depend-
encies, and incentives (perceived benefits for them-
selves) were the key reasons. For example, two stated
that they were not offered any proper training, just a
link. Another subcontractor strongly confirmed the
environmental dependencies and hardware limitations
affecting the IMS’s adoption:

It's not easy to scroll and swipe. [The PM] usually says
it's better to call because he has a computer. You may
want to have a computer or something so you can
find out things yourself [...] because it's pretty hard
to see drawings on a phone [...], and if it's minus 20
degrees outside | don't want to flip up the phone, |
just call. (Carpenter)

Frame incongruencies between social groups

The analysis reveals frame incongruencies between
the three studied groups (summarized in Table 3),
associated with variations in their context of use,
technological access, and digital maturity. In the fol-
lowing text we sequentially address incongruencies



related to the nature of technology, technological strat-
egy, and technology-in-use.

Nature of technology

There is some congruency in TFs of the three groups
(developers, internal users, and external users) regard-
ing the IMS’s nature. Two groups (internal users and
developers) regarded it as a hub for project informa-
tion, and two (developers and external users) high-
lighted its utility for publication. However, there were
clear differences in their descriptions of the IMS (Table
3, N. 1). Much of this frame incongruency was associ-
ated with variation in their digital competence and
concerned the system’s operational purpose (when,
where, and how to use it). It was regarded by devel-
opers mainly as an evolving tool for publishing draw-
ings, and by regional managers as a management tool
that facilitated standardization of internal document
management in all of cCorp’s regional offices. The lat-
ter appreciated its use as a hub with digitized check-
lists and other work routines, while subcontractors
largely used it simply to retrieve drawings when they
change. PD 2 summarized how they leveraged the
IMS in contrast to the other groups:

We mark start and end times to improve coordination
and memory of work processes and reduce
vulnerability [risks of error]. (PD 2)

Technological strategy
There were several common categories in all three
groups’ frames in the technological strategy domain,
notably the potential to reduce errors by leveraging
digitized and updated drawings to improve coordin-
ation. However, there were also significant incon-
gruencies, reflecting differences in descriptions of the
system’s nature. While developers’ strategic aims were
to reduce complaints and generate potential learning
insights for a next-generation IMS, internal users
desired improvement in information exchange and
internal document management (Table 3, N. 2).
Although developers to some degree indicated that
internal and external users perceived the IMS differ-
ently from themselves, their frames reflected a view
that digital transformation is an important, but long-
term strategic process. For example, several revealed
that the IMS would soon be replaced by a more
sophisticated 3D-based IMS. Seemingly unaware of
such plans, internal users focused on ways to improve
the current system’s adoption rates.

Like developers, internal users highlighted the sys-
tem'’s role as a hub for managing project information.
In contrast, external users sought improvements in
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information retrieval, implying perceptions that
internal users’ role was to publish information, while
their own role was to retrieve that information, so the
IMS should facilitate one-way communication rather
than information exchange between internal and
external users. This was incongruent with frames of
internal users, who argued that it should improve
communication on the construction site with subcon-
tractors. In this way, developers’ strategy of rapid
implementation to test and learn backfired. Both
internal and external users argued that the low adop-
tion was mainly due to insufficient training, as
reflected in the one-way communication outcome (cf.
quotation from PM, p. 9). Internal users argued that
the IMS was designed in such a way that it was chal-
lenging for them to fall back on established work rou-
tines (e.g. e-mailing documents). Fundamentally, they
welcomed this because they were highly motivated to
change their working practices. However, the lack of
developers’ involvement during the implementation
and training phase was a major obstacle giving rise to
incongruent frames. Substantial responsibility for man-
aging the socio-technical change and finding appro-
priate methods for contextualizing and fully utilizing
the IMS landed on the internal users (cf. quotation
from PD, p. 9).

Technology-in-use

The context of use varied heavily across the three
groups, causing several frame incongruencies around
the IMS’s everyday use. Developers found maintaining
it (e.g. adding new roles and continuously verifying
that information was correctly mirrored across cCorp’s
systems) demanding due to limitations in the underly-
ing technological platform. Internal users found
processing the large amounts of project-information
time-consuming, but that the ERP’s capability of mir-
roring relevant project information (except internal
business documents) in the IMS eased navigation
between systems and improved information transpar-
ency for external users with retrieval restrictions (Table
3, N. 4). External users said they could not trust the
automated role-based notifications or that information
in the IMS was fully updated.

Several context-related frame incongruencies reflect
differences in the groups’ positions in the construction
industry’s value chain. Many external users struggled
to identify any value in the IMS, internal users
regarded external users’ low adoption as the prime
obstacle for generating value from it, while developers
(the first actors in the value chain, and thus less con-
cerned about other actors’ adoption rates) highlighted
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its ease of use, platform-agnosticness, and associated
combinatorial possibilities with other IT-systems.

Variations in the groups’ digital maturity and com-
petence also triggered frame incongruency. While
external users primarily used the IMS to retrieve draw-
ings, internal users used its checklists for several key
work processes, and developers combined it with
other systems to generate broader value. Several con-
textual and digital competence factors caused external
users’ sporadic utilization, and limited exploration of
the IMS to generate value. The few external users with
broader digitalization experience believed that it
should have more, and better, functions allowing
them to communicate information through text, pho-
tos and work against digitized orders. External users
with less digital experience either appreciated the IMS
because it required less interpretation of functional-
ities and information than other firms' systems or did
not use it at all.

Variation in technology access between groups also
generated frame incongruency. Internal users and
developers operated in a controlled office environ-
ment with solid Ethernet connections and large com-
puter monitors. External users mainly operated in the
field, so they mainly relied on their smart phones and
environmental factors such as the weather constrained
their use. Consequently, external users regularly
framed use of the IMS as complicated and unneces-
sary, generating stress and additional work (cf. quota-
tion from the painter, p. 18). They perceived that
phone calls and face-to-face interactions were better,
faster, and more reliable. The scaffolder contractor
summarized the external users’ framing as follows: “It's
much easier to make a phone call to cCorp. | believe
communication with someone you can see is better
than sending information online”.

In summary, the identified frame incongruences
between groups had distinct connections to context
of use, technology access, and variation in both digital
maturity and digital competence levels. Consequently,
deeply misaligned expectations between groups arose
that were both shaped by, and shaped, the socio-cog-
nitive environment.

Discussion

Extant TF literature has shown that frame incongru-
ency restricts digital technology adoption and use
(Davidson 2006, 2002). However, most studies focus
on frame incongruence, while frame inconsistency and
the relationship between them have received little
attention (for an exception, see Young et al. 2016).

Our micro-level case study of individual actors’ frames
in construction site digitalization contributes to theory
by revealing origins of frame inconsistencies within
groups, and how they fuel frame incongruences
between groups. Another theoretical contribution is
the demonstration of how the identified inconsisten-
cies and incongruencies affect the socio-cognitive
environment and hence digitalization outcomes. The
following paragraphs discuss these theoretical contri-
butions then outline the findings' practical implica-
tions for managing construction site digitalization.

The findings demonstrate clear frame inconsistency
regarding the technological strategy underlying the
IMS's development and implementation among the
developers. Some argued that rapid implementation
resulted in a system with technological performance
issues, while others held that it provided learning
insights for future reconfigurations. This frame incon-
sistency within the developer group formed and
shaped related frame incongruence between all three
groups. Internal users argued that the implementation
was rushed, and the offered training inadequate, a
framing that generated a wake affecting the framing
of external users, who also said they were offered
insufficient training. Thus, what initially seemed like a
developer-group inconsistency spiralled across user
groups, generating between-group incongruences and
forming a socio-cognitive environment that hindered
true digitalization.

Our study confirms Olesen’s (2014) observation that
frames related to the nature of technology domain
tend to converge with frames related to the techno-
logical strategy domain. However, our micro-level indi-
vidual analysis showed that high variation in digital
maturity and competence levels within and across
groups generated frame inconsistencies that fuelled
between-group incongruency in the nature of technol-
ogy domain, and distinguished elements that influ-
enced respondents’ understandings. For example, the
findings reveal distinct inconsistency associated with
external users’ previous digitalization experiences.
Some had already experienced various digitalization
efforts (within their own firm and/or when collaborat-
ing with other large manufacturers), which prompted
them to establish their own routines for using digital
technology to support their own key work processes.
Other external users had just recently experienced
basic digitization (from a paper-based to a digital pay-
roll system). The frame inconsistency triggered by
high variation in digitalization experience within the
external user group influenced the broader socio-cog-
nitive environment, generating frame incongruency



between all groups. The IMS was described by devel-
opers as an easy-to-use, combinable and platform-
agnostic publishing system, by internal users as a
standardized DMS (that external users should use to
both enter and retrieve important information), and
by external users as an information retrieval system
mainly used when drawings change. Such frame
incongruency resulted in fundamentally misaligned
perspectives and expectations of the IMS, hampering
socio-technical change. This finding extends unidirec-
tional perspectives on the socio-cognitive environment
(Jacobsson et al. 2017), showing that it may span mul-
tiple interdependent levels and individual actors are
not only affected by the environment, but also shape
it. Actors’ and actor groups’ frames can potently per-
meate the socio-cognitive environment, generating
misaligned expectations, and vice versa, that affect
digitalization outcomes. Furthermore, frames associ-
ated with previous experiences of other firms' efforts
(the industry-level socio-cognitive environment) may
affect subsequent digitalization experiences
(Orlikowski and Gash 1994, Barrett 1999).

In the technology-in-use domain, the findings reveal
how frame inconsistences related to context of use
fuelled between-group incongruency. For example,
some external users highlighted the challenging rela-
tionship between aspects of their physical working
environment (e.g. weather, construction project type,
and physical work practices) and technology access
(small phone screen and unstable internet connec-
tion). Others praised the IMS for enabling fast, auto-
matic retrieval of up-to-date information (mainly
drawings) (Cf. Brathen and Moum 2016). As in the pre-
vious domain, the technology-in-use frame inconsist-
ency within the external user group generated frame
incongruence with the internal users, who used the
IMS in an office environment and anticipated that it
would change how they communicated with external
users. However, due to the working environment’s
physical characteristics, limited technology access, and
varied digital competence, external users did not use
the IMS as expected. External users’ limited adoption
resulted in one-way communications, conflicting with
internal users’ framing. Here too a bidirectional rela-
tionship can be discerned, with individual frames
affecting the socio-cognitive environment and vice
versa. Misalignments between the working environ-
ment and perceptions of technologies’ value may
severely impair individual-level adoption, and failure
to exploit benefits of coordinating multiple user
groups’ activities through new digitally-mediated col-
laborative methods. Hence, external users’ technology-
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in-use frame inconsistency generated frame incongru-
ency affecting construction site digitalization out-
comes. External users could not contextualize (harness
digitized capabilities in their work context) to generate
new digitally mediated routines.

Our analysis reveals several ways in which a frag-
mented socio-cognitive environment with significant
levels of frame inconsistency and incongruency can
restrict construction site digitalization. From a socio-
technical firm-level perspective, cCorp created decent
preconditions for digitally driven organizational
change by digitizing information and providing tech-
nical capabilities to produce, retrieve, and display
information in a digital format (Tilson et al. 2010, Yoo
et al. 2010). However, several frame misalignments at
multiple levels related to strategy, context and compe-
tence, hindered acquisition of the potential social and
organizational benefits of leveraging the digitized
information, i.e. digitalization (Yoo et al. 2010), at the
construction site. For example, the key actors (internal
and external) at the site did not leverage digital tech-
nology to establish new digitally mediated relation-
ships, information exchange routines, or work practices
to realize broader collaborative inter-organizational
digitalization. Instead, established ways of coordinat-
ing work (phone calls and e-mails) prevailed, leaving
digital technology’'s combinatory and infrastructural
capabilities unutilized.

This research has several implications for construc-
tion industry practitioners. While firms can play a cen-
tral role in organizing digitalization (Morgan 2019), it
shows that expanding digitalization to a collaborative
inter-organizational level is challenging, and to drive
the required socio-technical change for successful con-
struction site digitalization a firm must understand
subcontractors’ previous experiences, contexts and
digitalization-related competence. Papadonikolaki and
Wamelink (2017) illuminate the importance of inter-
organizational conditions and relations during digital
technology integration. We extend these insights by
arguing that firms must establish sufficiently aligned
frames, contexts and technology within and across
firm-boundaries. Regarding the former, we found how
the lacking integration with cCorp’s existing ERP and
CRM-systems caused frame inconsistencies among
internal users. Construction firms must be wary of the
so-called assumption of “green field development”:
Even in the construction industry, there is a plethora
of already installed legacy systems which are weaved
into a digital infrastructure with associated entrenched
use behaviours. Therefore, any new system must be
carefully designed to complement or replace previous
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systems and features and be integrated with the cur-
rent digital infrastructure as to avoid suboptimization
and duplicate systems (Wimelius et al. 2021). As for
the latter, firms must also expand their efforts and
address all users’ needs by shifting from a firm-centric
towards an inter-organizational mindset. This requires
awareness of all actor groups’ operational contexts,
including technology access and digital competence.
Lavikka et al. (2018) suggest that scenario planning
workshops could enhance sense-making that pro-
motes collaborative relationships among involved
actors. We add a socio-technical and socio-cognitive
element: as construction site digitalization is a socio-
technical process (Yoo et al. 2010, Baskerville et al.
2020) involving heterogeneous actors with different
competences (Bygballe and Sward 2019), a system-
level perspective should be applied, involving all
actors. Since digitalization involves multiple incremen-
tal refinements in technological design and contextual
anchoring, continuous evaluation of performance and
usage patterns is crucial. Products, construction proj-
ects, policies and rules (contexts), as well as actor con-
stellations (and hence frames) all change. Thus, firms
engaging in digitalization should not stop transform-
ing socio-technical arrangements when a particular
digital technology is implemented. The findings indi-
cate that stopping a digitalization effort after imple-
menting a single system, hoping that actors can
harness digital technology’s generativity (Yoo et al.
2010), can backfire as frames and technology resist-
ance develop. Instead, we advocate strategical value
capture approaches that help users to embed new
digital technology in practice and continuous evalu-
ation of both its performance and heterogeneity of
actors’ frames (which may severely impair success).

Conclusion

Digital technologies will continue to permeate the
construction industry with novel digitalization and
transformation opportunities. While technological
design, development, and alignment are critical factors
in digitalization, human actors need to understand the
technologies and contextualize their capabilities into
their everyday practices to generate value (Nambisan
et al. 2017). In construction site digitalization, multiple
heterogeneous and distributed actors engage in asso-
ciated sense-making processes simultaneously, but
they may establish varying understandings, perspec-
tives, and knowledge (frames).

We extend IS literature (see Orlikowski and Gash
1994, Olesen 2014, Young et al. 2016) by applying

technological frames in a novel manner based on the
construction context. The study corroborates the
importance of context (Shibeika and Harty 2015,
Morgan 2019), socio-cognitive environment, and inter-
pretive frames during digitally enabled change
(Jacobsson and Linderoth 2010, Jacobsson et al. 2017,
Linderoth 2017). Moreover, it highlights, empirically
and conceptually, the importance of micro- (individ-
ual- and group-) level frames in addition to industry-
level digitalization processes.

This study has important limitations. While the TF
lens allowed a flexible interpretative approach, it may
have limited sensitivity to other empirical nuances. We
encourage exploration of TFs in other inter-organiza-
tional phases in the construction industry, including
planning, design, and distribution, to strengthen
understanding of frames’ roles during digitalization in
inter-organizational contexts. Besides context, TFs of
customers and employees concerning customer-facing
systems and frames related to emerging technologies
such as virtual reality, augmented reality, and internet
of things (which will likely affect the construction
industry soon) also warrant attention.
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